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ARTIZAN    ADDRESS. 

Contrary  to  all  expectation,  the  excessive  depression  existing  in  all 
departments  of  engineering  at  the  time  of  the  issue  of  our  last  address,  has 
continued  with  unabated,  if  not,  increased  intensity.  A  stagnation  of  nearly 
three  years  duration,  with  but  faint  prospect  of  any  considerable  improve- 
ment is  by  no  means  pleasant  to  contemplate,  but  engineers  are  not  as  a 
rule  a  desponding  class,  and  even  now  some  are  sanguine  of  "  good  times 
coming  "  very  shortly,  and  we  sincerely  trust  they  may  be  right. 

During  the  past  year  but  few  novelties  have  appeared,  and  both  as  regards 
science  and  practice,  engineering  may  almost  be  said  to  have  stood  still.  There 
are,  however,  a  few  exceptions  to  this  rule,  some  of  which  have  been  already 
noticed  in  the  Abtizan.  Thus,  the  extraordinary  proposal  of  Mr.  John 
Elder,  the  woll-known  ship-builder  of  Glasgow,  to  employ  enormous  circular 
iron-clad  vessels  capable  of  travelling  at  a  high  speed  and  of  manoeuvring 
in  every  possible  manner,  was  at  first  sight  sufficiently  startling.  Upon 
examination  however,  as  might  bo  oxpected  of  the  proposition  of  such  an 
eminently  practical  man  as  Mr.  Elder,  the  idea,  as  has  already  been  pointed 
out  in  these  columns,  is  found  to  bo  by  no  moans  so  chimerical  as  it  appeared, 
though  of  course  it  is  not  to  be  imagined  that  the  Admiralty  would 
for  a  moment  ontortain  anything  so  porfoctly  novel.  The  substitution  of 
liquid  fuel  for  coals  has  attractod  considerable  attention  during  the  past  year, 
and  bids  fair  to  become  a  Still  more  prominent  topic  than  it  is  at  presont. 
Tho  great  difficulty  to  bo  overcome,  has  always  boon  to  effect  the  perfect 
combustion  of  the  liquid,  but  this  it  appoars  has  now  been  satisfactorily 
performed  by  several  different  methods.  Of  all  the  various  schemes  for 
effecting  this  purpose,  tho  invontion  of  Mr.  Aydon  appoars  to  bo  tho  most 
effective,  and  by  far  tho  simplest.  The  results  rocordod  in  Tile  Aktizax 
of  last  year,  p.  150,  show  an  immense  economy  in  fuol  obtainod  by  this 
system,  and  wo  understand  tho  boilors  there  mentioned  aro  still  being  worked 
with  equally  satisfactory  results.  Tho  vory  high  evaporativo  powor 
thoro  shown,  has  boon  disputod  by  somo  as  a  thoorotical  impossibility,  but 
as  that  is  based  upon  the  assumption  that  tho  steam  omployod  in  connection 
with  the  liquid  fuol  only  acts  inochanically,  it  sooms  far  more  likely  that 
the  theory  should  bo  incorrect  than  a  set  of  carofully  conducted  oxporimonts. 
We  certainly  considor  it  to  be  well  worth  tho  attention  of  stoam  con- 
sumers, as  nothing  can  bo  simplor  than  its  application  to  oxisting  boilers  ; 
while  if,  after  a  fair  trial,  it  should  not  be  found  moro  economical  than  coal, 
that  system  could  at  onco  bo  rosumod.  It  has  beon  objoctod  that,  should 
liquid  fuel  burning  become  gonoral,  tho  price  of  creosote,  or  othor  hydro- 
carbons, would  incroaso,  but  taking  tho  recordod  results  as  correct,  the  in- 
crease would  havo  to  bo  vory  largo  bofore  it  would  bo  moro  oxponsivo  than  coal. 
In  steam  vessels  where  tho  economic  valuo  of  fuol  varies  invorsoly  with  tho 
weight  and  bulk,  tho  saving  through  burning  liquid  fuol  would  bo  very 
great,  especially  aa  stokors  and  trimmors  would  bo  no  more  required. 
Another  system  of  banting  liquid  fuel,  viz.,  that  invontod  by  Mr.  Dorsett, 
hill  also  beon  tried  vory  favourably  on  board  tho  Retriever,  tho  results  of 
wbioh  will  be  found  in  I'm:  Aim/.ASof  last  month,  and  which  thoro  show  a 
saving  of  60  per  cont.  of  tho  spaoo  roquirod  for  tho  stowago  of  coal. 

Amongst  tho  various  enginooring  works  complotod  during  the  past  year,  wo 
supposo  must  be  included  a  portion  of  tho  Thamos  Embankinont,  although  only 
the  foot  pavemont  and  ono  of  tho  numerous  stoamboat  piors  is  at  present  avail- 
able. Tho  extraordinary  process  of  filling  in  tho  ontiro  width  of  tho  em- 
bankment, in  ordor  that  it  may  bo  dug  out  again  for  tho  railway  passing 
along  it,  is  we  prosumo  tho  latost  style  of  economical  onginooring.  The 
pnMic  have  certainly  waitod  with  romarkablo  patience  for  some  roturn  for 


their  enormous  outlay,  and  it  is  to  be  hoped  that  this  year  will  see  the  last  of 
such  unfortunate  bungling.  Another  immense  public  work,  the  main 
drainage  of  London  has  also  been  to  a  great  extent  completed.  Here  again 
as  is  usually  the  case,  when  the  money  necessary  for  the  work  is  legally 
extracted  from  the  pockets  of  the  public,  considerable  extravagance  has 
been  shewn.  We  cannot  understand  the  reason  why  buildings  devoted  to 
the  meanest  uses,  and  therefore  necessarily  placed  in  out  of  the  way  situa- 
tions should  have  such  elaborate  ornamontations  heaped  upon  them ;  still 
less  the  advantage  of  spending  a  large  amount  in  chartering  steamers,  for  a 
whole  week,  and  giving  dinners  with  bad  champagne  to  vestrymen,  until  they 
lost  all  senso  of  propriety.  Another  large  engineering  work — the  Midland 
Railway  Extension — has  been  completed  sufficiently  to  open  the  line  although 
the  magnificent  London  Terminus  is  not  yet  finished.  In  this  instanco  also 
though  the  outlay  is  far  more  justifiable  than  in  the  two  former  cases,  the 
pockets  of  the  shareholders  could  scarcely  have  been  studied  whon  tho 
design  for  the  London  Terminus  was  made ;  as  it  is  more  than  probable 
that  they  would  have  preferred  a  few  rows  of  columns  and  a  less  magnifi- 
cent coup  d'ceil,  combined  with  the  comfortable  assurance  of  a  good  divi- 
dend. 

London  has  also  been  benefited  during  tho  past  year  by  the  opening  of 
the  Millwall  Docks — a  remarkably  fine  piece  of  hydraulic  engineering. 
Although  the  total  area  as  originally  dosigned  has  not  been  excavated,  sufli- 
ciont  accommodation  for  somo  yoars  to  come  is  provided,  the  area  of  tho  two 
basins  into  which  it  is  divided,  being  about  30^-  acres  with  a  depth  of  28ft. 
of  water.  As  a  notice  of  these  docks  has  already  appeared  in  the  columns 
of  The  ABTIZAN,  it  noed  only  be  mentionod  that  the  whole  work  reflects  groat 
credit  upon  Mr.  John  Fowler  and  Mr.  W.  Wilson  the  enginoors.  Several 
other  docks  have  been  completed  during  the  year,  as  the  Sunderland  Docks 
extension ;  carried  out  undor  tho  direction  of  Mr.  Thomas  Meik,  tho 
ouginoor.  Tho  total  area  is  about  28  acres,  the  cost  of  tho  new  works  boing 
£240,000  oxtouding  ovor  a  period  of  throe  to  four  years.  Tho  now  wostorn 
dock  at  Hull,  of  which  Mr.  llawkshaw  is  tho  onginoor,  and  the  Leith  docks 
of  which  Mr.  Goorgo  Robertson  has  had  tho  management,  havo  also  boon 
virtually  complotod.  Sovoral  largo  dry  docks  havo  been  comploted 
during  tho  past  year,  among  which  may  bo  montionod  the  Alfrod  graving 
dock  at  Williamstown,  Victoria ;  another  at  Martinique  for  tho  accomodation 
of  tho  French  navy,  and  ono  in  tho  harbour  of  Rio  Janoiro  which  is  cut  out 
of  tho  solid  rock.  Tho  magnificont  iron  floating  dock  for  Bermuda  of  which 
a  detailed  description  was  givon  in  those  columns,  has  beon  successfully 
launchod.  This  onormous  structuro,  which  roflocts  groat  credit  upon  Mr. 
Campbell,  by  whom  it  was  dosignod  and  constructed,  is  we  boliovo  tho  first 
that  has  boon  launchod  ontiro — a  procoodiug  that  was  by  many  con.sidorod 
hazardous,  but  which  has  groat  advantages  upon  the  scoro  of  ocononiy.  A 
floating  dock  has  also  boon  launchod  on  tho  Tagus  for  tho  Portuguese 
Government.  Tho  new  harbour  at  Port  Said  although  unfinishod,  hi  I  been 
procoedod  with  so  rapidly  that  but  comparatively  little  moro  remains  to  bo 
dono.  This  immonso  work  consists  of  two  piers,  ouclosing  nearly  ono  squaro 
milo  in  oxtont  with  an  oxtromo  depth  of  about  27Jft.  to  bo  dredged  to 
noarly  80ft. 

Sovoral  fino  bridgos  havo  boon  complotod  during  tho  past  year,  among 
which  may  bo  montionod  the  Solway  viaduct  of  about  a  mile  in  I 
dosignod  by  Mr.  James  Brunloos.  In  this  viaduct  there  aro  101  spans  of 
80ft.  each,  and  a  swing  bridgo  with  two  openings  of  60ft.  span.  In  ronno- 
quouco  of  tho  peculiar  nature  of  tho  soil,  it  is  supported  on  cast  iron 
pilos  drivon  through    tho  shifting  sand   into    tho  substratum    of    gravol 
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Another  beautiful  structure — the  Runcorn  bridge — -which  has  also  been  opened 
consists  of  three  spans  of  300ft.  in  the  clear,  besides  having  very  long 
approaches.  Besides  these  may  be  noticed,  the  suspension  bridge  across  the 
Niagara  just  below  the  Falls,  which  was  designed  and  constructed  by  Mr 
Samuel  Keefer,  a  Canadian  engineer.  The  span  of  this  bridge  isjjthe  largest 
that  has  as  yet  been  built,  being  1,268ft.,  but  as  it  is  not  intended  for  heavy 
traffic  it  cannot  be  considered  the  greatest  undertaking  of  that  kind.  It 
appears  very  questionable  whether  it  can  be  a  lucrative  speculation,  as  it 
must  depend  almost  entirely  upon  sight-seers  for  its  traffic,  besides  which 
there  is  already  another  supension  bridgo  about  a  mile  lower  down.  A  fine 
bridge  has  been  completed  over  the  Moldau  at  Prague,  upon  Mr.  R.  M. 
Ordish's  rigid  suspension  principle.  The  span  between  the  centres  of  the 
towers  is  492ft.,  and  the  total  length  of  the  bridge  820ft,  The  railway  bridge 
at  Kuilenburg  over  the  river  Lek  in  Holland  is  nearly  completed.  The  total 
length  of  this  bridge  is  2,181ft. ;  the  largest  span  being  no  less  than  492ft. 
for  which  are  employed  immense  girders  65Jft.  deep,  and  515ft.  long. 

Several  important  lines  of  submarine  telegraph  have  been  completed ;  one 
being  the  line  connecting  Cuba  with  America  which,  however  does  not  seem 
at  present  to  fulfil  its  legitimate  object  of  supplying  information  that  is 
reliable.  The  Anglo  Mediterranean  cable  has  also  been  completed,  and  has 
been  found  to  possess  a  remarkably  high  power  of  conductivity.  A  line  of 
telegraph  has  also  been  successfully  laid  from  the  Tyne  to  Denmark. 

About  the  progress  of  shipbuilding  in  the  navy,  there  is  little  to  record, 
as,  with  the  exception  of  the  addition  of  another  wall-sided  iron  clad,  and  a 
bastard  monitor  not  yet  tried,  our  fleet  remains  practically  the  same.  If 
one  half  the  money  wasted  upon  iron  clad  forts  already  crumbling  with  their 
own  weight,  together  with  the  enormous  amount  thrown  away  in  the  civil 
war  between  guns  and  armour  plates,  had  been  expended  in  the  construction 
of  first  class  monitors,  our  navy  would  be  a  credit  to  the  nation.  We  do  not 
mean  by  this  to  assert  that  all  the  experiments  at  Shoeburyness  and  else- 
where have  been  deyoid  of  instruction,  but  that  after  the  relative  penetrating 
power  of  shot  at  different  velocities  and  of  different  weights  had  been 
established,  together  with  the  resisting  powers  of  different  thicknesses  of 
iron  plates,  it  was  useless  extravagance  to  continue  ad  nauseam  to  batter 
similar  plates  with  similar  charges  year  after  year.  The  Dutch  Government 
have  during  the  past  year  become  possessors  of  two  twin  screw  monitors 
De  Tyger  and  De  Buffel ;  these  vessels  however  are  scarcely  of  sufficient 
tonnage  to  thoroughly  develope  this  principle. 


MORTON'S     PATENT      EJECTOR      CONDENSER. 

By  Messrs.  Neilson  Bbos. 

(Illustrated  by  Plate  340). 

The  subject  illustrated  in  our  plate  (No.  340)  for  this  month  having 
created  considerable  interest  among  the  engineers  in  Scotland,  and  others 
who  have  heard  of  it,  we  have,  through  the  kindness  of  Messrs.  Neilson 
Brothers,  been  enabled  to  see  the  engines  at  work.  From  data  furnished 
by  them  and  through  the  favour  of  the  Institution  of  Engineers,  in  Scot- 
land, before  whom  an  important  paper  by  Professor  Macquorn  Rankine 
was  read  in  November  on  the  working  of  the  same,  we  have  been  enabled 
to  give  our  readers  this  notice  of  what  at  present  appears  to  be  a  most 
important  improvement  in  the  economy  of  the  steam  engine. 

Figs.  1  and  2  (plate  340)  are  end  and  front  elevations  respectively  of  a 
pair  of  small  inverted  engines  of  a  class  suited  for  screw  steam  ships, 
but,  in  this  case,  constructed  and  erected  by  Messrs.  Neilson  Brothers,  at 
their  works,  Hyde  Park-street,  Glasgow,  for  the  purpose  of  illustrating 
the  construction,  application,  and  working  of  the  new  "ejector  con- 
denser," invented  by  Mr.  Alexander  Morton,  of  their  firm.  Fig.  3  is  a 
complete  longitudinal  section  of  the  condenser,  to  a  larger  scale,  in  the  act 
of  being  started  by  a  small  starting  and  regulating  steam  jet  shown  open, 
but  which  is  closed  automatically  by  the  vacuum  as  soon  as  that  is  formed 
and  enabled  to  draw  and  discharge  its  own  injection  water,  the  valve  being 
used  to  restore  the  vacuum  when  required.  This  regulator  is  considered  an 
important  part  of  the  practical  application  of  the  apparatus,  and  has  been 


remarked  as  such  by  most  engineers  who  have  seen  it,  although  other 
arrangements  for  a  regulating  valve  might  be  made,  and  equally  well  worked 
by  the  action  of  the  vacuum,  for  the  same  purpose.  The  following  descrip- 
tion of  the  condenser  will  explain  its  action,  as  we  saw  it  somewhat  im- 
proved since  its  first  starting,  at  which  the  several  experiments  were 
taken  and  reported  by  Professor  Macquorn  Rankine  in  his  paper  read 
before  the  Institution  of  Engineers  in  Scotland. 

The  steam  cylinders  are  10i  inches  diameter  and  18  inches  stroke,  and 
have  their  exhaust  pipes  connected  to  the  exhaust  steam  branches 
shewn  on  Fig.  3.  The  exhaust  steam  after  surrounding  the  injection 
branch  passes  on  to  the  parts  A  and  B  respectively,  where  it  meets  the 
condensing  stream  of  water,  and  is  condensed  and  carried  away  through 
the  pipe  C.  The  starting  and  regulating  valve,  Fig.  3,  is,  as  was  before 
observed,  remarkahly  ingenious.  It  consists  of  a  piston  valve  for  regu- 
lating the  admission  of  steam  from  the  boiler  or  main  steam  pipe  into  the 
steam  jet,  for  the  purpose  of  assisting  the  current  of  injection  water  when 
the  vacuum  is  not  so  perfect  as  to  effect  this  in  sufficient  quantity,  unaided. 
The  chamber  behind  the  piston  of  the  regulating  valve  is  connected  by  a 
small  pipe  witli  one  of  the  exhaust  pipes,  as  shewn  in  the  section,  Fig.  3, 
so  that  the  vacuum  when  strong  enough  shuts  the  valve  against  the  power 
of  a  small  helical  spring,  which  is  so  adjusted  as  to  admit  the  initial  steam 
the  moment  the  vacuum  falls  below  what  is  necessary  to  keep  up  a  suffi- 
cient stream  of  condensing  water  through  the  condenser.  Thus  a  jet  of 
fresh  steam  is  instantly  supplied  when  necessary.  A  small  spindle  on  the 
piston  passes  out  through  the  end  of  the  chamber,  with  a  thumb-screw  on 
it,  by  which  the  valve  may  be  held  open  to  enable  the  engines,  after  stand- 
ing still,  to  work  with  full  power  and  vacuum  at  any  moment,  being  made 
self-acting  again  after  the  engines  are  fairly  at  work.  The  starting 
steam  jet,  conducting  the  steam  to  the  point  of  the  water  nozzle,  is  formed 
conoidal  at  the  point,  and  actuated  by  a  handle  to  regulate  the  quantity 
of  injection  water  allowed  to  pass  through  this  nozzle.  To  prevent  the 
injection  water  condensing  the  steam  in  the  steam  jet,  it  is  surrounded  by 
a  hollow  casing  to  prevent  the  direct  metallic  contact  of  the  hot  and  cold 
surfaces, 

Fig.  4. 


The  wood  cut,  Fig.  4,  is  a  vertical  section  of  a  somewhat  similar 
apparatus  constructed  for  the  lifting  and  forcing  of  water.  This  apparatus 
is  placed  in  the  main  range  or  length  of  pipes  through  which  the  water  is 
to  be  raised,  at  any  distance  above  the  surface  of  the  water  within  the 
limits  of  the  atmospheric  pressure  The  height  to  which  the  water  can 
be  raised  in  the  pipes  above  it,  depends  wholly  on  the  velocity  of  the  ac- 
tuating steam  passing  through  the  branch  pipe  as  shewn,  and  regulated  by 
a  valve  or  cock  attached  to  that  branch,  so  as  to  act  with  any  desired 
lateral  force  through  the  annular  narrow  jet  round  the  end  of  the  central 
nozzle.  The  water  passes  up  by  the  inlet  water  pipe,  and  is  forced  or 
drawn  in  through  the  short  induction  central  tube  or  nozzle  by  the  annular 
jet  of  steam,  and  thence  up  through  the  main  long  curvilineal  induction 
tube,  or  pipe  C  ;  the  small  induction  tube  a,  by  preference  being  cased  as 
shown.  The  small  portion  of  condensed  steam  on  the  outer  surface  of  the 
tube  is  forced  through  the  annular  slit  or  jet  at  its  end,  into  the  neck  of 
the  induction  tube,  C,  which  expands  in  area  in  an  increasing  curve.  The 
lateral  branch  pipe,  made  to  lead  into  the  main  water  pipe,  close  below 
the  nozzle,  was  only  for  experimental  purposes. 
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The  action  of  this  new  condenser,  although  very  different  from  that  of 
the  ordinary  condenser  and  air  pump  is  even  more  simple.  The  injection 
water  in  rushing  into  the  condenser  through  the  conoidal  nozzle,  attains 
a  velocitv  proport'onal  to  the  vacuum,  and  this  velocity,  which  the  jet  of 
water  retains,  is  found  sufficient  to  enahle  to  it  discharge  itself  through 
the  induction  tube  C,  which  is  so  formed,  that  its  area  increases  inversely 
with  the  velocity  of  the  issuing  jet.  As  the  result  of  many  experiments, 
the  inventor  has  adopted  the  parabolic  curve  shown  in  the  engraving.  The 
jet  of  water  in  passing  through  the  "  ejector  condenser  "  no  donbt  loses 
some  of  its  energy  by  friction  in  the  nozzles,  hut  this  loss  is  made  up  by 
the  alternate  discharges  of  exhaust  steam,  from  the  cylinders  in  the  same 
direction  with,  and  surrounding  the  water  jet.  In  manceuvrirg  the 
engines  ahead  or  astern,  the  piston  starting  valve  is  set  open,  so  that  the 
central  steam  jet  maintains  a  constant  vacuum  whether  the  engines  be  at 
work  or  not;  consequently  they  may  be  stopped  for  any  period  of  time, 
and  instantly  started  at  full  power  when  required.  As  soon  as  the  engines 
are  fairly  at  work,  the  starting  valve  is  disengaged,  and  the  vacuum,  as 
before  described,  shuts  off  the  starting  steam  jet.  The  vacuum  in  the  con- 
denser, then  becomes  the  regulator  of  tbat  valve  ;  and  should  any  person 
open  a  grease  cock,  or  otherwise  admit  air  into  either  cylinder,  or  into  the 
condenser,  to  impair  the  vacuum,  that  instant  the  starting  valve  opens 
and  admits  a  jet  of  steam  to  dispel  such  air,  and  keep  up  the  stream  of 
injection  water  until  the  vacuum  is  restored.  The  point  of  the  central 
spindle  through  which  the  starting  steam  jet  passes,  serves  the  purpose  also 
of  an  injection  valve,  whereby  more  or  less  water  is  admitted  by  its  inser- 
tion into  or  withdrawal  from  the  water  nozzle  by  the  hand  lever  shewn  in 
Fig.  3.  Since  Prof.  Rankine  made  the  experiments  as  given  in  his  paper 
below,  the  nozzles  have  been  altered  to  the  form  shown  in  the  section  Fig. 
3  of  our  engraving  and  the  vacuum  has  improved  lib.,  the  average  now 
being  2Giin.  of  mercury  instead  of  24.\in.  The  quantity  of  water  passing 
through  the  condenser  has  been  experimentally  reduced,  until  the  discharge 
water  became  140°  Fahr.,  the  injection  water  being  40°,  consequently 
140 — 40  =  100°  additional  heat  was  imparted  instead  of  about  40°  as  in 
Prof.  Rankine's  experiment'".  With  this  high  temperature  the  vacuum 
fell  nearly  21bs.,  the  quantity  of  water  being  reduced  about  60  per 
cent. 

The  engines  illustrated  in  our  Plate  (310),  have  been  frequently  run  at  a 
speed  of  260  revolutions  per  minute,  and,  of  course,  it  is  evident  that  a  con- 
denser of  this  description  with  net  a  single  moving  part,  cannot  be  injured 
by  any  amount  of  speed  to  which  the  engines  may  be  driven.  Several 
other  advantages  possessed  by  the  new  condenser  are  so  obvious  as  scarcely  to 
require  to  be  mentioned.  Thus,  almost  the  entire  weight  of  the  usual 
description  of  condenser  is  saved,  besides  the  greater  part  of  the  space  so 
occupied,  advantages  that  it  is  difficult  to  over  estimate  in  the  case  of 
marine  engines;  while  the  cost  is  said  to  be  only  about  one-fourth.  We 
hope  shortly  to  be  enabled  to  lay  before  our  readers  the  result  of  further 
experiments  upon  this  romarkable  invention  which  cannot  fail  to  attract 
considerable  attention  of  engineers  throughout  the  country. 

The  accompanying  indicator  diagrams  were  taken  from  the  lower  end 
of  each  of  the  two  cylinders,  where  it  will  be  observed  the  vacuum  is 
maintained  remarkably  steadily. 

Fig.  5. 
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ACCOUNT  OF  EXPERIMENTS  OX  MR.  ALEXANDER  MORTON'S 

EJECTOR  CONDENSER. 

By  Professor  W.  J.  Macqtjokn  Rankine,  C.E.,  LL.D.,  F.R.S.,  &c. 

The  following  paper  was  read  before  the  Inst-  Eng.  Scot.,  Nov.  25th, 
1S68: — The  experiments  which  are  the  subject  of  this  paper  were  made 
at  the  request  of  Messrs.  Neilson,  Brothers,  and  I  have  to  thank  that  firm 
for  their  permission  to  make  the  results  public  by  communicating  them 
to  this  institution.  The  ejector-condenser,  invented  by  Mr.  Alexander 
Morton,  was  applied  to  a  pair  of  vertical  inverted  direct-acting  steam 
engines,  which  exerted  collectively  a  power  averaging  about  24  indicated 
h.p.  The  nominal  power  of  these  engines  is  collectively  7  h.p.,  if  we  app'y 
the  ordinary  rule  for  low  pressure  engines,  or  15  h.p.  if  we  apply  the 
ordinary  rule  for  high  pressuie  engines.  The  dimensions  of  the  engines 
and  of  the  condensing  apparatus,  and  the  results  of  the  experiments  are 
given  in  detail  in  the  annexed  table  ;  bnt  as  regards  the  engines,  it  may 
be  convenient  to  state  here  that  their  two  cylinders  were  of  18  inches 
stroke,  and  about  10i  inches  diameter,  that  they  ran  at  from  93  to  140 
revolutions  per  minute,  and  that  the  steam  pressure  gauge  indicated  from 
30  to  40  lbs.  on  the  square  inch  above  the  atmospheric  pressure,  ^hich  at 
the  time  was  14.751bs.  on  the  square  inch.  It  may  he  remarked  that  the 
experiments  throw  light  on  other  questions  besides  the  efficiency  of  the 
new  condenser ;  and  in  particular  that  the  accurate  measurement  of  the 
quantity  of  condensation  water,  and  of  its  change  of  temperature  affords 
the  means  of  calculating  the  total  expenditure  of  steam,  and  comparing  it 
with  the  quantity  of  steam  effectively  used  in  doing  work,  as  indicated  by 
the  diagrams. 

2.  The  circumstances  under  which  the  experiments  were  made  were,  to 
a  certain  extent,  unfavourable  to  the  apparatus  ;  for  the  pipe  which  sup- 
plied the  tank  from  which  the  cold  water  was  drawn  for  condensing  the 
steam  was  of  too  small  diameter;  and  the  engines  had  from  time  to  time 
to  be  stopped,  in  order  that  the  tank  might  be  re-filled.  It  is  desirable  that 
a  second  series  of  experiments  should  he  made,  with  a  cold  water  supply 
pipe  sufficient  to  fill  the  tank  faster  than  the  condensing  apparatus  empties 
it.  The  rate  at  which  the  cold  water  was  expended  was  ascertained  by 
observing  on  a  vertical  scale  the  rate  at  which  the  level  of  the  water  sank 
in  the  tank  when  the  supply  pipe  was  closed  ;  and  in  this  important  mea- 
surement my  own  observations  were  checked  by  those  of  Mr.  James 
Brownlee. 

2.  The  principle  of  the  invention  may  he  described  as  follows : — In  every 
injection  condenser  the  cold  water  rushes  into  the  vacuum  with  a  velocity 
of  43  or  44ft.  per  second  or  thereabouts.  The  exhaust  steam  rushes  from 
the  cylinders  into  the  condenser  with  a  velocity  which  is  many  times 
greater  than  that  of  the  water.  In  the  common  condenser  those  rapid 
motions  of  the  water  and  of  the  steam  are  completely  checked,  and  their 
energy  is  wasted  in  agitating  the  fluids  in  the  condenser,  and  ultimately 
in  producing  heat ;  and  hence  it  becomes  necessary  to  use  an  air  pump  in 
order  to  extract  the  water,  air,  anduncondensed  steam  from  the  condenser. 
The  power  expended  in  working  a  well-proportioned  and  well-constructed  air 
pump  is  known  by  .experiment  to  he  equal  to  that  which  would  overcome  a 
back  pressure  on  the  steam  piston  of  from  i  to  Jib.  on  each  square  inch  of 
its  area,  or  on  an  average,  about  O'Olb.  on  the  square  inch  ;  and  that  amount 
of  power  is  lost  through  the  wasting  of  the  energy  with  which  the  jets  of 
water  and  steam  rush  into  the  condenser.  In  the  ejector  condenser  the 
motion  of  those  jets  meets  with  no  interruption  ;  and  its  energy  is  found 
to  be  sufficient,  without  any  assistance  from  pumps,  to  carry  nil  the 
water  air,  and  uncondensed  steam  (if  any),  completely  out  of  the  con- 
denser and  into  the  hot-well,  and  thus  to  save  the  power  which  would  be 
required  to  drive  an  air  pump. 

4.  The  principal  parts  of  the  condensing  apparatus  on  which  my  experi- 
ments were  made  may  be  summarily  described  as  follows: — The  cold 
water  passes  from  the  tank  to  a  conoidal  nozzle  ;  the  area  of  the  orifice  of 
that  nuzzle  is  about  equal  to  that  of  the  injection  sluice  of  a  common 
condenser  suited  for  the  same  engine  ;  that  is  to  say,  about  L-250th  part 
of  the  collective  area  of  pistons.  Enveloping  the  cold  water  nuzzles  are  a 
second  and  a  third  nozzle  of  noarly  similar  figure;  these  bring  the  ex- 
haust steam    from  the  two  cylinder!  re>peotivelya     The  middle  nozzle 

baa  an  orifice  a  little  larger  than  that  of  the  innermost,  or  cold  water,  a 
nozzle;  the  outermost  nozzle  ends  in  a  throat  or  oontraoted  vein 
Little  larger  still,  beyond  which  is  a  gradually  widening  trumpet  shaped 
mouth-piece,  leading  u<  a  pipe  which  ends  at  the  hot-well. 

The  condensation  of  the  iteam  takes  place  in  tin'  Interval  between 
the  orifice  of  tin-  cold  water  nozzle  ami  the  throat  of  the  outermost 
nozzle. 

5.  The  compl  nd  efficiency  of  the  condensation  were  tested 
by  vacuum  tnd  by  indicator  diagrams.  By  both  means  of  testing 
the  left  hand  cylinder,  which  exhausted  into  the  middle  nozzle,  shewed  a 
rather  better  vacuum  than  the  right  hand  cy]inder,  which  exhausted  into 
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the  outermost  nozzle.     The  average  results  of  the  whole  of  the  experiments 
were  as  follows : 

Mean  vacuum  shewn  by  gauges,  in  inches  of  mercury, 

do.  do.      in  lbs.  on  the  square  inch, 

Mean  vacuum  in  cylinders,  during  return  stroke,  as  shown 

by  the  indicator  diagrams  ;  lbs.  on  the  square  inch, 
Which,  being  substracted  from  the  atmospheric  pressure  at 
the  time, 


Leaves,  as  the  mean  back-pressure  in  the  cylinders  during 
the  return  stroke,  in  lbs.  on  the  square  inch, 


24-5 
12-0 

10-7 

14-75 

4-05 


The  back  pressure  in  different  experiments  ranged  between  3  and  4ilbs. 
on  the  square  inch.  These  results  are  at  least  as  good  as  the  average 
results  as  to  vacuum  and  back  pressure  obtained  by  means  of  the  common 
condenser;  and  they  show  the  condensation  of  the  steam  and  expulsion  of 
the  water,  air,  and  vapour,  to  be  at  least  as  complete  and  efficient. 

6.  I  have  estimated  the  saving  of  power  through  the  dispensing  with 
an  air  pump  as  being  equivalent  to  the  doing  away  with  a  resistance  of 
0-61b.  per  square  inch  area  of  steam-pistons  ;  and  I  find  it  to  be  on  an 
average  of  the  several  experiments,  just  one  horse-power  ;  being  about  4 
per  cent,  of  the  mean  indicated  power  of  the  engines. 

I  have  calculated  the  energy  of  the  jet  of  cold  water,  and  I  find  it  to  be 
about  three-quarters  of  a  horse-power.     This  forms  the  greater  part  of  the 


energy  which  is  wasted  in  the  common  condenser,  rendering  an  air  pump 
necessary. 

7.  The  experiments,  then,  so  far  as  they  have  gone,  lead  to  the  following 
conclusions  : 

First.  That  tbe  action  of  the  ejector-condenser  is  at  least  as  efficient  as 
that  of  the  common  condenser,  with  its  air  pump  ;  and 

Secondly.  That  by  the  use  of  the  ejector-condenser  the  power  required 
to  drive  the  air  pump  is  saved. 

8.  I  have  already  mentioned  one  circumstance  in  the  experiments  which 
was  disadvantageous  to  the  apparatus,  viz. :  the  insufficient  size  of  the 
supply  pipe  of  the  cold  water  tank.  Another  disadvantageous  circumstance 
was,  the  absence  of  jacketing  and  of  superheating  ;  for  unless  one  or  other 
of  those  means  be  employed,  a  considerable  quantity  of  steam  condenses  in 
the  cylinder  when  first  admitted,  and  re-evaporates  during  the  return 
stroke  ;  thus  at  once  carrying  beat  from  the  boiler  to  the  condenser  without 
performiner  work,  and  injuring  the  efficiency  of  the  condenser.* 

I  have  calculated  (as  the  Tables  show)  the  total  quantity  of  steam 
expended  from  its  effect  on  the  temperature  of  the  condensation  water ; 
and  it  proves  to  be  on  an  average  about  two  and  a-half  times  the  quantity 
\vhich  performs'work  in  the  cylinder,  as  calculated  from  the  indicator 
diagrams.  When  applied  to  engines  that  are  free  from  this  defect,  it  may 
confidently  be  expected  that  the  new  condensing  apparatus  will  give,  as 
regards  vacuum  and  back  pressure,  results  surpassing  even  the  very  good 
performance  which  has  been  described. 


SETS  OF   EXPERIMENTS. 


Nos.  of  diagrams 

Revolutions  per  minute 

Steam-gauge  above  atmosphere.     Lbs.  on  the  square  inch  

Do.  do.  absolute 

Vacuum-gauges  below  atmosphere.*    Lbs.  on  the  square  inch  

Do.  do.  absolute ;.. 

Mean  back  pressure 

Absolute  pressure  of  release    

Initial  absolute  pressure 

Mean  effective  pressure    

Mean  absolute  pressure   

Temperature  of  waste  water,  Fahrenheit 

Elevation  of  temperature  above  cold  water 

Heat  carried  off  by  water.     British  units  per  minute   

Velocity  of  pistons,  feet  per  minute 

Load  of  one  piston,  lbs.  

Indicated  work  of  one  cylinder,  feet  lbs.  per  minute 

Do.  do.  two  cylinders    

I.H.P 

Indicated  work  per  minute  reduced  to  equivalent  quantity  of  beat  

Total  expenditure  of  heat,  British  units  per  minute 

Efficiency  of  engines     

Volume  of  steam  exhausted  as  shown  by  indicator  in  cubic  feet  per  minute 

Volume  of  lib.  in  cubic  feet   

Weight  of  steam  shown  by  indicator  in  lbs.  per  minute  

Temperature  of  steam  at  end  of  stroke,  Fahrenheit 

Total  heat  per  lb.  of  that  steam  from  temperature  of  wastewater  

Heat  of  condensation  of  steam  indicated  

Heat  carried  off  by  waste  water   (as  before) 

Actual  expenditure  of  steam  in  lbs.  per  minute,  as  calculated  from  heat  of 

waste  water  

Proportion  in  which  steam  actually  condensed  exceeds  indicated  steam  ... 
Work    in   feet  lbs.  per  minute  saved    by  dispensing   with   the   air  pump, 
estimated  as  equivalent  to  0'61b.  pressure  per  square  inch  of  steam  piston 
Do.  indicated  H.P 


Right   Hand 
1 

130 
34 

4875 

C 12-03 
\  11-54 

f   2-72 
I  321 

4-25 

10-75 

42-75 

15-25 

19-50 

86°-5 

39°-5 

2S298 

390 

1220 

475800 

951600 

28 

1233 

29531 

0-042 

433 

35 

12-4 

197° 

1087 

13479 

28298 

26-0 

2-10 

37440 
1-13 


B. 


Cylinder. 
C   2-3 
I  45 

93 

from  32  to  38 

from  46"75  to 
52-75 

12-4 
12-1 

235 

2-65 

3-12 

10-80 

38-25 

14-83      . 

17-95 

80°-5 

33°-5 

23999 

279 

1186-4 

331006 

662012 

20 

858 

24857 

0-035 

310 

35 

8-9 

197° 

1093 

9728 

23999 

22-0 
2-47 

26784 
0-81 


C. 


Left 


about  140 


4-50 
8-75 

32-75 
9-85 

14-35 


420 

788 

330960 

661920 

20 

858 


467 

43 

10-9 

187° 


D. 


40320 
1-22 


Hand  Cylinder, 
7-8 

107 
35 

49-75 

12-3 
11-8 

2-45 
2-95 

4-38 

12-00 

42-75 

16-78 

21-16 

88°-0 

41°-0 

29372 

321 

1342-4 

430910 

861820 

26 

1116 

30488 

0-037 

357 

32 

11-2 

202° 

1086 

12163 

29372 

27-0 
2-41 

30816 
093 


108 

from  40  to  30 

from  54- 75  to 
44-75 


4-00 

10-50 

42-75 

15-90 

19-90 

91° -0 

44°-0 

31522 

324 

1272 

412128 

824256 

25 

-    1068 

32590 

0-033 

360 

36 

10-0 

196° 

1082 

10820 

31522 

29-1 
2-91 

31104 
0-94 


*  First  result  is  for  left  hand,  and  jecond  result  for  right  hand  engine. 
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Table  of  Experiments  made  on  the  27th  October,  1868,  on  a  pair  of  Engines 
at  the  tvorks  of  Messrs.  Neilson  Brothers. 

Cylinders. — Area  of  each,  allowing  for  piston  rods,  about         -       80  sq.  in. 

'•  Stroke    -----      1.5  foot. 

Cold  Water  Xozzle.— Diameter  -  0."9 

f  0.638  sq.  in. 

I  =  0.00443  sq.  ft. 
Water  Tank-.— Area  8'  x  3J-'    -  -  -  -  =  28  sq.  ft. 

Mean  depth  of  surface  below  level  of  nozzle      -    5.25  fc. 
Waste  Water^Nozzle.— Diameter  of  throat,  i|  =  0/'9397 


Area 


Area  of  throat    •  - 
Diameter  of  mouthpiece, 
Area  of  mouthpiece, 


C  0.690  sq.  in. 

i    =  0.00479  sq-  ft. 

-    3."0 
f  7.07  sq.  in. 

I       =0. 


1.0491  sq.  ft. 
Cold  Water  Supply. — Mean  rate  of  flow  in  cubic  feet  per 

minute,  28'  x  0.41  =  11.48  =  716.4  lbs. 

"  "  Do.  per  second,      -  -    0.1913  =  11.94  lbs. 

Velocity     of     cold    water   through 

nozzle,  feet  per  second,         §:^qtj3  =  43.2 

lbs.  per  sq.  in. 
Head  due  to  that  velocity,     -       29ft  =  12.57 
Add  mean  height  to  which  water  is 

lifted  -  -       5.25  =  2.275 


Total  head, 


34.25=14.845 


Temperature,        -  -    47°  Fahrenheit. 

Mean  work  perminute  done  in  raising 
and  propelling  water  jet  exclusive 
of  friction,  716.4  x  34.25= 24537ft.  lbs. 

=0.744 1.  h.  p. 
Barometer. — 3005  inches  mercury  =  14.751b.  on  the  square  inch. 

Abstract  of  Principal  Mean  Results. 

Mean  power  saved  by  dispensing  with  a:r-pump,  indicated  H.p   1*0 

Mean  indicated  h.p.  of  engines 23-8 

Mian  back-pressure  in  cylinders,  lbs.  on  square  inch  4'05 

Mean  vacuum  in  cylinders  do.  do 10-7 

Mean  vacuum  shown  by  gauges  do.  do 12-0 

Do.  do.  do.      in  inches  of  mercury    24'5 

About    two-thirds    of   the    indicated  power    were    due    to   the 
vacuum  in   the  cylinders 

Temperature  of  the  cold  water 47°  P. 

Mean  temperature  of  waste  water  83i° 

Mean  increase  of  temperature , 36i° 

Professor  Rankine,  at  the  conclusion  of  his  paper,  suggested  that  Mr. 
Alexander  Morton  should  give  some  details  as  to  the  construction  of  the 
apparatus,  and  the  results  of  some  experiments  that  he  had  made  when  he 
(Professor  Rankine)  was  absent.  He  might  state  that  the  condenser  was 
about  5ft.  above  the  tank  from  whence  the  water  was  drawn ;  so  that  the 
Water  had  to  be  lifted  to  that  extent.  In  calculating  the  pressure  due  to 
the  velocity  plus  that  lift  of  5ft.,  it  was  found  to  be  a  little  greater  than 
the  atmospheric  pressure  of  14*7511)8.  upon  the  inch.  He  could  only 
account  for  that  by  supposing  that  the  impulse  of  the  steam  aided  the 
ipheric  pressure  in  accelerating  the  jet. 

Mr.  Morton  said  he  thought  Dr.  Rankine  had  very  fully  explained  the 
matter.  The  apparatus  was  before  them,  and  also  a  sectional  model  and 
I  full-size  drawing,  so  that  he  thought  that;  there  was  little  left  to  be  said. 
Jfe   might  observe,  however,    that  the   Only  explanation   he  could   give   was 

that  the  jet  of  water  in  rushing  into  the  vacuum  had  nearly  sufficient 

power    to   take    it. elf  out,    .1  ml   fcfiat    the   impulse    of  the   exhausted  steam 

from  the  cylinders  made  up  the    energy  the  jet  lost    in  friction.      In 

er  at    first,    at    limes    they    would    shut,  off  the  main 

steam  valve  while  a  vacuum  was  in  the  cylinders;  and  in  these  cases  the 
water  was  apt  to  rush  into  them.  He  bad,  therefore,  added  the  regula- 
ting   Spindle   and    cylinder,    which    contained    merely    :i     piston  valve.  Unit, 

opened  with  a  spring  a  soon  as  the  vacuum  fell  In  I  be  condenser,  [f  any 
per-, ,n  should  accidentally  or  otherwise  open:!  cocli  and  let  in  air,  the 
Ml  of  vacoura  in  the  condenser  allowed  the  piston  valve  to  open  a  jel  of 
"team  which  kept  op  the  vacuum.  The  centre  regulating  spindle  could 
be  pushed  torward  by  the  handle  so  as  to  shut  oil'  the  injection  water, 

When    this   condenser    WW    lirst,   started    there   was    DO    COCK    for    shutting 

oil  the  injection  water,  and  air  had  I,  be  admitted ;  but  since  then  he 

had  applied    the   central   spindle   which    could    he   used   if  it   were  wished 
to  shut  off  the  water,  and  work  the  engines  high-pressed. 
The  President  asked  what  the  cosl  of  this  apparatus  would  be  compared 

with  ordinary  air  pumps   and  condensers  ? 

Mr.  Morton  answered  that  V  thought  it  would  not  exceed  one-fourth  the 


cost.  The  boiler  which  supplied  those  engines  with  steam  also  served 
hammers,  which,  together,  were  rather  heavy  for  the  boiler.  His  experi- 
ments had  been  made  while  the  hammers  were  at  rest.  In  experiments 
made  since  Professor  Rankine  had  been  present,  the  vacuum  had  risen  lib. 
in  consequence  of  the  hammers  having  been  stopped.  It  was  often  26in., 
and  he  had  seen  in  at  27  and  28in.,  but  it  was  fair  to  say  that  these  days 
when  it  had  reached  that  figure  the  barometer  was  unusually  high.  When 
priming  water  did  not  enter  the  cylinder  the  vacuum  rose  about  lib. 

Mr.  Brown  would  be  glad  to  know  whether  the  supply  pipe  for  cold 
water  was  made  larger  than  the  injection  pipe,  or  whether  a  larger  quantity 
of  water  was  required  than  with  the  ordinary  jet  condenser. 

Mr.  Morton  believed  that  the  quantity  of  water  would  be  the  same.  If 
they  raised  the  water  above  30  or  40  degs.  they  would  get  a  less  vacuum. 
The  supply  pipe  was  2;jin.  in  diameter. 

Professor  Rankine  said  that  the  cold  water  nozzle  was  13-16th  of  an  in. 
in  diameter;  the  nest  nozzle  14-16th  of  an  in.;  and  the  throat  of  the 
outermost  nozzle  was  15-16th  of  an  in. ;  and  that  the  velocity  at  the 
orifice  was  about  43ft.  or  44ft.  per  second.  He  thought  this  condenser 
would  use  rather  more  water  than  the  ordinary  jet  condenser.  In  an 
ordinary  injection  valve  there  was  some  contraction,  which  diminished  the 
flow  of-  water.  The  quantity  of  water  that  passed  through  Mr.  Morton's 
condenser  was  nearly  the  same  whether  they  were  condensing  much  or 
little  steam. 

Mr.  Howden  said  with  legard  to  the  water  used  in  condensing,  he 
would  suppose  that  it  would  be  more  with  Mr.  Morton's  apparatus  than 
the  ordinary  condensing  jet.  He  thought  the  temperature  of  the  water 
was  too  low,  only  83J-  degrees  for  the  vacuum  obtained.  In  a  common 
condensing  engine,  the  discharge  water  was  generally  much  higher  than 
83£  degrees — perhaps  120  degrees  for  such  a  vacuum — which  would 
almost  prove  that  there  would  be  less  injection  water  used  than  in  the 
new  condenser. 

Professor  Rankine  said  he  believed  there  was  somewhat  more  water  used 
than  with  the  ordinary  condensing  jet;  and  the  consequence  was,  that  the 
temperature  of  the  water  was  not  raised  so  much. 

Mr.  Day  said  the  question  then  came  to  be — whether  the  amount  of 
water  used  could  be  reduced  ?  and  that  he  desired  to  ascertain  if  in  the 
experiments  any  attempts  had  been  made  to  ascertain  the  minimum  of 
water  which  could  be  employed  so  as  to  insure  the  efficient  working  of  the 
condenser. 

Professor  Rankine  had  no  doubt  that  it  could  be  reduced.  Mr.  Morton 
had  told  them  that  he  had  introduced  a  central  spiudle,  by  which  he  could 
adjust  the  flow  of  water  to  anything  he  pleased. 

Mr.  Howden  inquired  whether  there  was  any  reason  to  believe  that  the 
air  in  the  water  of  condensation  would  injure  the  vacuum,  as  in  the  common 
condenser  ?  Looking  at  this  apparatus  he  would  suppose  that  it 
would  not,  and  might  therefore  possibly  equal  a  surface  condenser  in 
vacuum,  as  the  air  would  be  driven  out  and  not  get  into  the  condensing 
part. 

Professor  Rankine  believed  that  the  air  was  carried  along  with  the 
jet.  The  tables  showed  that  they  did  not  get  results  very  much  better 
than  the  common  condenser;  but  then  the  experiments  had  been  made 
under  disadvantageous  circumstances  ;  and  it  was  reasonable  to  think  that 
when  the  apparatus  got  fair  play  they  would  get  better  results — results 
which  might  be  as  good  as  with  surface  condensers.  Of  course,  however, 
this  was  a  question  to  be  decided  by  experiment. 

Mr.  Morton  might  mention  that  with  a  little  condenser  (which  he 
showed),  experiments  without  steam,  and  with  only  21bs.  pressure  on  the 
water  side,  produced  a  131b.  vacuum,  and  by  calculation  it  would  be  found 
that  this  21b.  pressure  rushing  into  a  vacuum  would  produce,  on  the 
vacuum  side,  that  amount  by  merely  rushing  through  the  little  condenser. 
If  the  trumpet-mouthed  discharge  tube  of  the  apparatus  was  cut  off,  and 
merely  the  vena  contracla  nozzle  substituted,  it  would  require  a  pressure  of 
501hs.  of  water,  on  the  waterside,  to  produce  LSlbs.  vacuum  ;  but  by  making 
it  of  this  particular  shape,  the  water  pressure  could  he  reduced  to  21bs. 
and  produce  the  same  vacuum,  namely  131hs. 

Sir  William  Thomson  expressed  the  great,  pleasure  with  which  he  had 
listened  to  the  description  of  Mr.  Morton's  invention.  The  explanations 
which  he  hud  given  were  admirable  in  a  dynamical  point  of  view.  There 
could  be  no  doubt  that  there  would  be  very  many  interesting  laboratory 
applications  of  this  invention,     lie  was  much  pleased  with  the  last  experi- 

i t   that   Mr.   Morton    had  -poken  of.      The    effect  Of    this  trumpet   mouth 

tube  in  producing  a  vaouum  of  L81bs.  was  most  wonderfnL     He  had  seen 

four  mouths  ago  in   Professor  Hunsen's  laboratory  at  Heidelberg  an  hydraulic 

apparatus  acting  to  the  same  effeot  as  this ;  but  probably  not  of  prior  date 

to  Mr.  Morton's.  The  general  idea  of  liquids  acting  in  this  way  was  long 
known,  and   had    had    many   applications.      Hunsen's  was   for  carry  ing  on  a 

of  filtering,  which  was  done  by  producing  a  vacuum  under  a  filter, 
the  filter  being  properly  protected.  The  vacuum  he  produced  simply  by 
water  pipe  ,  bat  he  did  not  know  what  head  of  water  wa  necesssrj  |  but 
Itunaen  was  aide  to  produce  a  vacuum  that  corresponded  to  th    tem] 
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ture  of  the  water  used.  He  had  no  doubt  that  the  principle  was  the  same 
as  that  of  the  little  instrument  which  Mr.  Morton  had  explained.  But 
whether  Bunsen  had  taken  advantage  of  the  trumpet-mouth  or  not  he  did 
not  know. 

Mr.  J.  L.  K.  Jamieson  said  he  had  had  the  pleasure  yesterday  of  looking 
at  the  engine  referred  to  in  the  paper— a  pleasure  in  which  he  believed 
many  of  the  members  of  the  Institution  had  participated.  It  struck  him 
that  Mr.  Morton's  invention  was  one  of  the  greatest  improvements  of  the 
age  in  the  steam-engine.  It,  indeed,  gave  the  use  of  an  effectual  con- 
denser at  a  cheap  cost,  But  looking  at  the  principle — not  merely  as  an 
experimental  machine — its  work  was  done  effectually  and  well;  and  he 
thought  that  the  Institution  should  give  him  a  very  hearty  vote  of  thanks 
for  his  invention. 

Mr.  D.  Rowan  had  not  visited  Messrs.  Neilson  Brothers'  works,  and 
had  not,  therefore,  seen  the  condenser  working.  In  so  far  as  regards  the 
consideration  of  economy,  except  the  first  cost,  he  thought  it  might  be 
questioned.  In  the  first  place,  and  by  the  aid  of  an  injector,  the  work 
might  be  done  with  a  less  quantity  of  steam  with  a  common  air  pump. 
Then,  it  would  appear  that  either  a  greater  quantity  of  injection  water 
■was  required,  or  the  steam  had  not  the  power  of  heating  up  the  water  as 
in  the  common  condensing  engine.  In  the  present  case  the  present  feed 
water  would  be  supplied  at  83  degs.  or  83£  degs.,  so  that  there  was  a 
slight  loss  there.  Mr.  Morton  was  entitled  to  the  greatest  credit,  but 
as  a  mere  question  of  economy  he  thought  the  air  pump  might  be  quite 
equal  to  it. 

Mr.  Morton  said  it  was  the  exhaust  steam  that  worked  this  apparatus- 
He  would  say  that  it  was  considerably  below  the  pressure  of  the  air,  and 
which  might  only  be  about  lib.  above  the  vacuum  line.  He  thought  it 
was  all  gain,  as  no  direct  steam  from  the  boiler  was  used.  As  to 
heating  up  the  water,  that  was  easily  got  by  having  too  small  a  condenser 
in  any  engine. 

Sir  William  Thompson  inquired  whether  the  instrument  would  continue 
to  act  when  the  vacuum  was  very  imperfect  ? 

Mr.  Morton  answered  that  it  worked  at  any  point;  but  with  a  single 
engine  at  Lugar  Iron  "Works  he  expected  that  a  little  from  the  steam  jet 
would  be  required  all  the  time ;  but  on  experiment  it  was  found  that  it 
could  be  shut  off  at  even  10  strokes  per  minute.  This  engine  had  a  stroke 
of  5ft.,  and  diameter  of  cylinder  24|in. 

Mr.  Day  said  he  had  heard,  but  was  not  prepared  to  v  ouch  for  its 
authenticity,  that  when  this  condenser  was  started  at  Lugar  Iron  Works 
great  difficulty  was  experienced  in  working  it,  so  that  the  proprietor  of 
the  works  was  thinking  about  dispensing  with  it.  He  would  like  to  know 
"whether  any  improvement  had  been  made  upon  it,  and  whether  it  was  now 
continually  and  efficaciously  at  work. 

Mr.  Morton  replied  that  when  the  engine  was  started  eight  or  ten 
minutes  were  lost  in  getting  a  start.  But  by  stopping  the  engine  and 
making  water  pass  through  the  sondenser  by  means  of  the  steam  jet,  and 
difficulty  had  been  overcome  ;  and  the  engine  had  gone  on  afterwards  night 
and  day,  without  even  complaint  as  to  stoppage,  and  had  never  cost  the 
proprietors  anything,  so  that  he  presumed  it  continued  to  work  well.  He 
might  mention,  however,  that  this  engine  had  never  come  up  to  so  high  a 
vacuum  as  others,  being  only  some  lOlbs.  or  10|lbs.  It  was  an  old  engine 
made  in  Hill-street  some  20  years  ago,  and  the  water  cocks  at  both  ends 
of  the  cylinder  always  showed  the  presence  of  great  quantities  of  water, 
and  he  had  not  tried  to  improve  it. 

Mr.  Brown  inquired  what  height  Mr.  Morton  would  expect  to  discharge 
the  water  above  the  nozzle  of  the  ejector  when  applied  to  marine 
-engines ;  and,  as  many  direct  acting  screw  engines  have  only  one  exhaust 
outlet,  whether  the  ejector  would  work  as  well  with  one  as  with  two 
■exhaust  branches  ? 

Mr.  Morton  said  the  reason  for  having  two  branches  in  that  condenser 
was  to  let  the  steam  act  without  losing  much  pressure.  Engines  being 
often  coupled  together,  one  cylinder  would  then  exhaust  and  would  disturb 
the  vacuum  of  the  other.  Tho  Corliss  engine  makers  reduce  the  steam  to 
a  very  low  pressure  in  the- cylinder,  and  to  ascertain  whether  this  low 
pressure  would  work  the  ejector  condenser,  the  first  experiments  were  made. 
As  to  the  height  of  raising  the  water.  If  the  steam  were  allowed  to  leave 
the  cylinder  at  about  atmospheric  pressure,  the  water  could  be  forced 
about  15ft.  high.  He  also  found  that  steam  of  51bs.  pressure  could  lift 
the  water  20ft.  high. 

Mr.  Simons  had  pleasure  on  Tuesday  in  inspecting  the  apparatus  at  work 
in  Messrs.  Neilson  Brothers  ;  it  seemed  to  work  admirably.  At  that  time 
the  engine  was  making  200  revolutions,  and  he  was  quite  sure  that  Mr. 
Morton  would  show  any  of  the  members  of  the  Institution  the  ejector  con- 
denser in  operation. 

Mr.  Downie  would  like  to  mention  one  or  two  points  of  interest  to 
engineers  in  connection  with  this  new  ejector-condenser.  They  all  knew 
the  difficulty  and  expense  of  applying  the  air  pump  to  very  high  speeds, 
and  he  had  seen  the  experimental  engines  at  Albert  Works  making  130 
revolutions,  and  Mr.  Simons  saw  them  working  at  200  ;  so  that  this  ejector 
condenser  had  no  limit  as  to  speed  of  engine  apparently.     They  also  knew 


the  difficulty  of  applying  the  air  pump  arrangement  to  horizontal  engines. 
Without  any  air  pump,  and  with  an  apparatus  so  simple  and  so  very 
generally  applicable,  there  was  no  further  necessity  for  having  non-conden- 
sing engines.  Where  a  supply  of  water  could  be  had,  this  apparatus  could 
always  be  applied  with  great  advantage,  and  a  gain  of  power  which  is  at 
present  thrown  away  in  all  non-condensing  engines.  He  thought  Mr. 
Morton  was  entitled  to  their  best  thanks  for  bringing  the  matter  before  the 
Institution. 

Mr.  W.  Brock  said  that  the  engine  was  going  at  250  revolutions  per 
minute,  and  the  temperature  of  discharge  water  94  degs.,  when  he  was  in- 
specting it. 

Mr.  A.  C.  Kirk  had  seen  the  apparatus,  and  was  extremely  pleased  with 
it.  It  was  undoubtedly  the  best  addition  that  had  been  made  to  the 
steam  engine  since  the  days  of  James  Watt.  He  conceived  that  to  no 
class  of  engines  would  it  would  it  be  more  immediately  valuable  than  to 
river  steamers,  where  reduction  of  weight  was  of  the  utmost  importance, 
besides  the  obvious  convenience  of  it  in  all  land  engines,  not  to  speak  of 
other  applications  which  will  follow  bye-and-bye. 

Professor  Rankine  said  that  some  observations  made  by  Sir  William 
Thompson  had  rec  died  to  bis  recollection  several  instances  in  which  the 
principle  of  this  gradually  widening  mouthpiece  had  been  applied  to  other 
purposes.  One  of  them  was  a  contrivance  applied  to  drainage,  where  a 
depression  was  made  in  the  channel  of  the  main  stream,  which  ran  down 
at  one  side  of  the  depression  and  up  at  the  other;  thus  making  a  cavity 
in  the  surface  of  the  main  stream,  which  enabled  it  to  receive  the  water 
of  a  branch  drain  at  a  lower  level  than  the  general  level  of  the  main 
stream.  The  stream  of  water  aoming  from  the  cold  well  and  going  to  the 
hot  well  was  analagous  to  the  main  drain ;  and  the  depression  producing  a 
great  velocity  was  analagous  to  the  throat  before  the  trumpet  monthpiece 
begins  to  widen.  A  still  more  closely  analogous  case  was  that  of  Professor 
James  Thomson's  jet-pump.  Another  analagous  case  was  that  of  the  cen- 
trifugal pumps  and  blowing  fans,  contrived  by  Professor  James  Thomson. 
The  fluid  in  these  machines  had  a  great  velocity  at  the  tips  of  the  fan 
blades,  which  gradually  subsided  in  the  external  whirlpool.  Blowing  fans 
had  also  been  made  with  a  straight  widening  outlet  instead  of  the  external 
whirlpool  motion  of  Professor  James  Thomson;  the  difference  might  be 
likened  to  that  between  a  French  horn  and  a  trnmpet.  The  dynamical 
principle  involved  in  this  widening  mouthpiece  had  had  many  applications 
to  hydraulic  works  and  centrifugal  fans  ;  hut  the  application  of  it  to 
steam  engine  condensers  was  a  new  and  original  invention.  He  agreed 
with  Mr.  Kirk,  that  it  was  probably  the  most  important  improvement 
that  had  been  made  in  the  steam  engine  since  the  time  of  Watt. 

Mr.  Downie  inquired  whether  any  difficulty  was  anticipated  in  the  ap- 
plication or  use  ot  this  apparatus  where  the  jet  was  required  to  be  very 
large  in  diameter,  say  an  ejector  condenser  for  a  pair  of  engines  with  80 
inch  cylinders.  Would  a  single  jet  proportioned  to  such  have  the  same 
effect  and  produce  an  equal  vacuum ;  or  would  it  be  necessary  in  that  case 
to  put  in  t.vo  or  three  smaller  sized  jets- 
Professor  Rankine  saw  no  reason  why  engines  of  increased  dimensions 
should  not  act  as  well  as  the  size  of  the  engine  brought  under  notice. 
However,  it  was  impossible  to  answer  such  a  question  on  purely  theore- 
tical grounds.  Before  tbey  know  how  this  instrument  would  work  on  a 
large  scale,  they  must  actually  make  it  and  see  it  working ;  but  he  saw  no 
reason  to  apprehend  any  disadvantage  resulting  from  increased  size. 

The  President  asked  what  was  the  amount  of  pressure  that  was  neces- 
sary when  the  new  condenser  was  discharging  to  a  15ft.  height  ? 
Mr.  Morton  answered,  about  61bs.  above  the  atmospheric  line. 
Sir  William  Thompson  asked  whether  it  was  practically  of  much  advan- 
tage to  have  a  head  of  three  or  four  feet  of  water  ? 

Mr.  Morton  said  that  with  that  head  of  water  the  steam  could  be 
wrought  down  to  the  finest  pressures.  He  had  had  that  engine  working 
at  28  or  29  inches  vacuum  by  adding  a  head  of  water  of  a  few  feet  to 
that  condenser. 

Mr.  Lyall  said  he  had  been  led  to  understand  that  Mr.  Barclay  of 
Kilmarnock  had  an  apparatus  with  which  he  had  been  experimenting  with 
the  same  object  in  view  as  Mr.  Morton.  He  entertained  a  doubt  like  that 
mentioned  by  Mr.  Downie,  that  when  the  apparatus  under  consideration 
was  applied  to  large  engines  the  same  results  might  not  be  easily  obtained. 
He  might  ask  whether  a  greater  number  of  nozzles  than  shown  on  the 
plan  of  this  ejector  had  been  tried,  and  with  what  success?  It  bad  also 
been  asked,  what  height  the  ejector  could  throw.  He  did  not  think  that 
would  be  a  great  objection  to  its  application  for  marine  purposes,  as  the 
ejector  cou'.d  be  placed  at  any  convenient  height  in  the  boat,  there  being 
no  necessity  for  placing  it  in  the  bottom  as  is  the  usual  practice  with  the 
ordinary  condenser.  He  also  thought  that  this  instrument  might  be  of 
further  service  by  ejecting  the  water  in  an  opposite  direction  to  that 
of  the  vessel  and  so  assist  in  propelling  the  latter  as  Ruthven's  propeller  did. 
Mr.  Morton  said  that  as  to  Mr.  Barclay's  experiments  he  knew  nothing ; 
but  he  might  mention  that  since  he  had  brought  out  his  apparatus  half- 
a  dozen  people  had  told  him  they  had  been  thinking  of  doing  the  same 
thing. 
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DRAINAGE  OF  THE  THAMES  VALLEY.       • 

In  pursuance  of  the  Thames  Navigation  Act  of  1866,  the  Conservators  of 
the  River  Thames,  about  the  month  of  April,  1867,  gave  notice  to  tiie 
local  authorities  of  Oxford,  Eton,  Windsor,  and  Abingdon,  to  sever  the  con- 
nection of  their  sewerase  with  the  river  within  13  mouths.  The  duty 
thrown  upon  the  authorities  by  this  notice  amounted,  iu  effect,  to  an  obli- 
gation to  remove  elsewhere  the  wtole  of  the  mass  of  sewage  that  bad 
hitherto  been  carried  into  the  Thames ;  and  the  task  was  not  made  less 
difficult  by  the  circumstance  of  the  towns  in  question  being  so  situate  as  to 
render  it  impossible  to  rely  on  gravitation  for  the  distribution  of  the  whole 
of  the  sewage  over  land.  The  local  authorities  memorialised  the  Secretary 
of  State  to  appoint  an  engineer  to  advise  them  on  the  course  they  should 
adopt  with  the  view  of  carrying  into  effect  the  provisions  of  the  Thames 
Navigation  Act.  Accordingly,  at  the  end  of  June  last,  Mr.  Secretary 
Hardy  directed  Lieutenant-Colonel  C.  B.  Ewart,  II  E.,  to  inquire  into  the 
plans  for  the  drainage  of  the  several  towns  situate  in  the  valley  of  the 
Thames  with  a  view  to  the  purification  of  the  river. 

Thereupon  Colonel  Ewart  visited  the  several  towns  named  in  his  instruc- 
tions, carefully  investigated  the  existing  arrangements  ior  the  disposal  of 
the  sewage,  and  examined  the  country  in  the  immediate  vicinity  to  such 
an  extent  as  appeared  to  be  requisite.  He  also  visited  the  following  places 
in  order  to  obtain  the  benefit  of  the  results  of  the  most  recent  practical 
trials — viz.,  Croydon,  where  the  sewage  is  distributed  by  gravitation  at 
Beddington  and  Norwood ;  Lodge  Farm,  near  Barking,  established  for 
utilization  of  the  sewage  of  London,  which  is  pumped  for  distribution  on 
laud  ;  Aldershot  and  Hounslow,  where  the  sewage  is  utilised  on  laud,  in 
the  latter  case  by  pumping  with  steam  power;  Canterbury,  where  the 
drainage,  after  being  filtered  and  treated  with  chymical  deodorizing  agents, 
is  passed  into  the  river  ;  Broadmoor,  where  there  is  a  combination  of  the 
ma  of  earth-closets  and  of  utilising  sewage  by  irrigation  on  laud;  and 
Bedford,  where  the  system  of  utilising  sewage  on  land  is  extensively 
carried  out. 

As  a  result  of  these  observations  it  was  determined  to  endeavour  to 
utilise  the  sewage  by  distributing  the  whole  of  it  over  the  land  by  means 
of  irrigation.  The  various  plans  of  precipitation  were  not  considered  ap- 
plicable, being  inadequate  to  purify  the  sewage  to  such  an  extent  as  re- 
qnired  under  the  Thames  Navigation  Act. 

Colonel  Ewart  has  reported  to  the  Home-office  that  the  separate  system 
is  the  proper  principle  of  drainage  to  be  adopted  in  the  towns  of  Oxford, 
Windsor,  Eton,  and  Abingdon  ;  that  a  complete  system  of  sewers  should  oe 
laid  out  in  the  above-mentioned  towns,  to  receive  all  the  sewage  matter  of 
the  towns,  and  that  such  sewers  should  bo  of  such  dimensions  only  as  may 
be  sufficient  to  afford  a  passage  to  the  sewage  matter ;  that  the  rainfall 
should  not  be  allowed  to  enter  into  the  foul  sewers,  but  should  either  be 
stored  in  tanks  for  domestic  use,  or  be  allowed  to  How  into  its  natural 
dels,  care  being  taken  in  the  event  of  its  running  into  a  river  that  it  is 
freed  from  noxious  impurities  by  careful  scavenging  of  the  streets,  or,  if 
necessary,  by  passing  it  into  nettling  beds  before  allowing  it  to  enter  the 
stream  ;  that,  as  soon  as  possible,  a  complete  system  of  water  supply  should 
be  provided  where  it  does  not,  already  exist,  and  arrangements  should  be 
made  for  enabling  such  supply  to  be  used  for  flushing  the  sewers;  that  the 
water  and  sewage  works  of  each  town  should,  if  possible,  be  under  the 
control  of  the  same  local  authority.  The  colonel  points  out  that,  for  the 
purposes  of  utilisation,  the  total  quantity  ol  land  required  will  depend  upon 
the  nature  of  the  subsoil,  but  as  a  maximum  two  thirds  of  an  acre  per  100 
of  tbe  population  will  suffice,  although  it  would  be  better  to  provide  one 
■ore  per  100,  in  order  to  admit  of  farming  tint  lands  subject  to  the  judi- 
cious rotation  of  crops.     In  conclusion  hi;  says, — "1  have  to  state  thai  1 

am  fully  alive  to  the    importance   of  draining   the  subsoil  water  in  the  case 

of  the  towns  in  question,  but  I  am  ol  opinion  that  drainage  of  the  subsoil 

water  mu-t  be  conducted  on  different  principles,  and  in  a  different  manner 
from  the  town  drainage.  In  the  low  lying  districts,  which  farm  a  large 
proportion  of  the  towns  in  question,  the  subs  il,  when  the  river  rises,  forms 

in  effect  an  underground  lake,  in  which  the  water  stands  »ith  slight  Varia- 
tion* at  lie-  .-.nne  height  as  the  water  iu  the  river.  No  system  of  drainage 
dependent  on  pumping  at  outlet  can  possibly  under  such  circumstances 

free  the  Subsoil,  as  the  water  Would  flow  tV'en  the  river  into  tin-  SUDSOi]  SB 
quickly  as  it  was  drawn  from  the  subsoil  by  the  pumps.  It  is  not  within 
my  province  to  enter  inl  j    the    question   of   subsoil    water,  but,  1  make  this 

allusion  to  it.  with  a  view  of  showing  that  it  hs  uof  i  captd  my  observa- 
tion in  recommending  lb  system  of  drainage.    The  true  mi 

of  dealing  w  ith  the  subsoil  water  in  the  valley  of  the  Thame  s   must  depend 

on  an  efficient  method  beiu  ol  bringing  the  river  cinder  control." 

In  the  separate  IJ  ll  em  t  he  -ewers  arc  of  such  size  onlj  as  i-  -ullieieiit  to 
carry  off  the  sewage  matter,  and   have    no  openings   into  the    itreet,  except 

carefully  closed  holes  for  examining  I  ewers,  therefore, 

are  free  from  the  objections  urged  against  the  join!  system  in  respect  to 

the  carriage  of  sewage,  as  they  are  dosed  throughout  their  eour-e  ;  thev  do 
not  afford    any   exit    to    injurious    vapour-,  or    involve    any  overflow  or   any 

unsafe  accumulation  of  silt  or  g.is.    Under  this  system  the  sewage  delivered 


at  the  outfall  of  the  sewage  is  not  over-diluted  with  rainwater,  and  the  bulk 
is  reduced  within  manageable  compass,  and  is  not  liable  to  vary  according 
to  the  state  of  the  weather.  This  bulk,  it  is  true,  will  be  somewhat  in- 
creased in  the  towns  in  question  by  the  necessity  which  exists  for  periodically 
flushing  the  sewers,  as  the  character  of  the  levels  will  not  admit  of  the 
sewage  matter  descending  in  all  cases  by  gravitation  alone.  Granting  this, 
and  admitting  further  that  in  wet  weather  no  such  uecessity  would  exist  of 
flushing  sewers  under  the  joint  system,  Colonel  Ewart  is,  nevertheless,  of 
opinion  that  even  at  such  times  it  will  prove  a  cheaper  operation  to  provide  a 
small  quantity  of  water  to  Hush  small  sewers  than  to  pump  over  the  land  an 
enormous  quantity  of  polluted  water,  which,  in  the  event  of  a  heavy  fall, 
fills  the  sewei  s  under  the  joint  system.  He  admits  that  the  separate  system 
involves  in  some  degree  a  double  system  of  drains — the  one  for  the  rainfall 
and  the  other  for  the  sewage  matter;  but,  having  regard  to  the  difference 
in  the  size  of  the  sewers,  to  the  difference  in  the  cost  of  providing  the  plant 
for  pumping,  to  the  current  expenses  of  pumping  the  sewage  matter,  and  to 
other  considerations,  he  believes  that  the  separate  system,  if  begun  anew, 
would  in  the  end  be,  at  all  events,  not  more  costly  than  the  joint  system; 
and  in  the  case  of  the  towns  above-mentioned  he  has  less  hesitation  in  re- 
commending the  separate  system  on  the  score  of  expense,  as  the  existing 
drains  may  be  made  use  of  with  little  alteration,  either  for  the  conveyance 
of  the  surface  water,  or  in  some  cases  of  the  sewage  matter,  as  may  be  found 
convenient. 


SMITHFIELD  CLUB  SHOW. 

A  very  large  and  complete  stock  of  agricultural  machinery  was  exhibited 
last  month  at  the  Annual  Show  of  the  Smitbfield  Club,  at  Islington. 
Though  there  was  undoubtedly  much  to  be  admired,  not  only  in  the  per- 
fection of  the  workmanship  of  some  well-known  firms,  but  also  in  the 
general  excellence  of  the  various  exhibits,  it  was  rather  disheartening  to 
wander  all  over  the  entire  show  without  meeting  with  anything  par- 
ticularly striking  in  the  way  of  novelty.  A  very  large  number  of  the 
machines  have  either  been  exhibited  before,  or  are  so  exactly  similar  to 
former  exhibits  by  the  same  makers,  that  it  would  be  useless  to  comment 
upon  them  again.  Many  others  only  differ  in  being  better  finished  than 
formerly,  this  important  improvement  being  chiefly  the  result  of  employ- 
ing tool-work  instead  of  hand-labour  for  finishing  the  various  parts,  and 
thereby  not  only  ensuring  truth  in  the  working  parts,  but  vastly  improv- 
ing the  appearance  of  the  machines.  The  most  beautifully  finished  engine 
in  the  entire  show,  as  far  as  could  be  seen  from  the  outward  appearance, 
was  Messrs.  Clayton,  Shuttlcworth,  &  Co.'s,  8-horse  power  horizontal  en- 
gine—a result  ovidently  obtained  by  the  almost  exclusive  use  of  machine 
tools,  for  finishing  every  portion  of  the  engine.  The  same  also  might  be 
said  of  their  traction  engine,  as  also  the  machinery  of  the  Reading  Iron 
Works  Company,  and  many  other  makers. 

Considerable  improvement  was  apparent  iu  the  design  and  manufacture 
of  that  handy  description  of  engine — tbe  small  vertical  stationary.  This 
class  of  engine  has  too  frequently  been  made  solely  with  the  view  to  turn 
out  a  low-priced  article,  and  great  numbers  may  be  seen  in  various  parts 
of  the  country,  composed  of  the  commonest  materials,  and  "thrown 
together"  in  a  manner  that  might  well  make  even  a  country  black- 
smith ashamed.  This  year,  however,  some  really  first-rate  engines  of  this 
class  are  exhibited  ;  as,  for  instance,  by  Messrs.  Marshall,  Sons,  &  Co.,  of 
Gainsborough,  and  Messrs.  Robey  &  Co.,  of  Lincoln.  The  little  2-horse 
power  vertical  engine  of  Messrs.  Marshall  is  a  remarkably  pretty  specimen, 
having  a  steam-jackettcd  cylinder  and  finished  bright — refinements  that 
the  usual  class  of  purchasers  of  this  description  of  engine  might  think 
needlessly  expensive.  Although  not  absolutely  a  novelty,  the  Patent 
Safety  Boiler  of  Messrs.  Howard,  of  Bedford,  has  undergone  some  modi- 
fications. The  heat  is  now  more  equally  distributed  by  a  new  arrange- 
ment of  tbe  flues,  whereby  the  flame,  after  passing  under  the  lower  hori- 
zontal tubes,  is  made  to  return  through  a  species  ol  Hue  made  by  means  of 
a  cast-iron  plate,  placed  horizontally,  at  about  two-thirds  the  height  of  the 
vertical  tubes,  alter  which  it  passts  above  this  division  heating  the  upper 
tub,  s  on  its  way  to  the  chimney.  Another  improvement  consists  in 
lengthening  the  lower  horizontal  tubes  in  the  front,  so  that  they  project 
from  the  letting  ;  the  covers  upon  the  ends  of  each  of  the  tubes  being  used 
08  mudboles.  .Messrs.  Howard  slsO  exhibit  a  peculiar-looking  ploughing 
engine,  with  the  boiler  placed  transv  crsely  with  the  body  of  the  machine. 
It  is  certainly  verj  compact,  but  the  engines  are  placed  very  near  to  the 
dirt,  and  mUSl   be  very  inacessibl.". 

In  the  galleries  there  wen-  many  things  worth  notice,  bat  as  was  men- 
tioned before,  but  few  novelties;  tho  most  beautifully -finished  piece  of 
machinery  being  Messrs.  J,&  H.  Qwynne's centrifugal  pump,  driven  direct 

by  a  horii  intal  engine,  and  intended  to  circulate  the  Condensing  water  for 
a  pair  of  marine  engines  constructed  by  Messrs.  Stephenson  A  to.,  of 
Newcastle.  One  of  tbe  few  novelties  in  the  hIiow  is  the  model  of  an  ap- 
paratus for  harvesting  in  wet  weather,  invented  by  v7,  a,  Qlbbs,  of(Hll- 
wcll  Park.     This   arrangement  consists  of  a  small  portable  iron  house  or 
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heating  chamber,  into  which  the  crop  to  be  dried  is  placed.  A  small 
portable  engine,  driving  a  fan,  is  so  arranged  as  to  circulate  air,  heated  by 
the  waste  gases  of  the  boiler,  through  the  damp  grass  or  corn,  which  is 
thereby  speedily  dried  sufficiently  for  stacking.  A  further  arrangement  in 
the  apparatus  consists  of  a  pneumatic  elevator,  through  which  the  dried 
material  is  forced  by  means  of  an  air  blast,  to  the  requisite  height  for  the 
men  employed  on  the  stack.  Near  to  this  Messrs.  Kitto  and  Brotherhood 
exhibited  their  "  Paragon"  pump,  and  also  an  engine  upon  the  same  prin- 
ciple. The  idea  seems  to  be  very  good,  and  well  adapted  for  small  ma- 
chinery. The  construction  is  very  simple,  having  remarkably  few  parts, 
very  little  friction,  and  consequently  cheap  and  durable.  Another  inven- 
tion near  the  same  spot,  is  an  apparatus  designed  for  the  protection  of  the 
firebox  ends  of  the  tubes  of  tubular  boilers.  This  consists  of  a  lump  of 
cast-iron,  about  three  inches  thick,  fitted  to  the  tube  plate,  and  having 
holes  slightly  less  in  diameter  than  the  tubes,  exactly  opposite  each  of 
them.  By  this  means,  it  is  contended,  that  not  only  is  a  new  boiler  pro- 
tected, but  that  leaky  tube  ends  are  made  to  take  up,  and  also  that  as  the 
cast-iron  gets  red,  it  acts  as  a  smoke  consumer.  We  doubt,  however, 
whether  this  idea  is  new,  though  possibly  the  application  may  be  original. 
The  few  inventions  described  above  appeared  to  be  the  only  absolute  novel- 
ties in  the  entire  show,  though,  of^course,  there  were  many  slight  im- 
provements in  various  well-known  machines,  such  as  mowers  and  reapers, 
chaff  cutters,  and  various  small  farm  implement*.  On  the  whole  the  show 
was  well  worthy  of  study,  if  only  for  exhibiting  the  steady  improvement  in 
the  design  and  workmanship  of  this  most  important  branch  of  machinery. 


NEW   EAILWAY  BILLS. 

The  notices  of  intended  application  to  Parliament  in  the  ensuing  Session 
for  Railway  and  Tramway  Bills  are  78,  as  compared  with  109  for  the 
Session  of  1868,  171  for  the  Session  of  1867,  450  for  the  Session  of  1866, 
and  415  for  the  Session  of  1865.  About  one-fourth  of  the  notices  are  for 
obtaining  an  extension  of  time  for  the  purchase  of  lands  and  the  completion 
of  works,  and  one-eighth  of  the  whole  for  the  abandonment  of  numerous 
railways  and  branches,  including  useless  and  fighting  lines,  which  a  few 
years  ago  were  obtained  at  great  cost. 

The  notices  for  the  incorporation  of  new  companies  are  34,  in  which  it 
is  proposed  to  incorporate  a  company  to  make  a  railway  from  the  Metro- 
politan Eailway  in  Clerkenwell  to  Canonbury-road,  Islington  ;  to  incorpo- 
rate a  company  to  make  a  railway  from  the  London,  Chatham,  and  Dover 
Eailway  at  Snow-hill  to  the  River  Thames  at  Blackfriars,  and  thence,  by 
means  of  a  river,  wall,  or  embankment,  to  Billingsgate  and  BrewerVquay, 
Tower  Dock ;  to  incorporate  a  company  to  make  a  railway  from  Colebrooke- 
row,  Islington,  to  Union-street,  iu  the  City  of  London,  on  a  3ft.  giiage;  to 
incorporate  a  company  to  make  a  railway  from  Clapham-common  to 
London -bridge;  to  incorporate  a  company  to  make  an  underground  railway 
to  connect  the  Great  Eastern  Railway  with  the  North  London  Eailway  at 
Stepney,  and  also  with  the  East  London  authorized  lines  and  the  Metro- 
politan Eastern  Extension ;  to  incorporate  a  company  to  construct  an 
underground  railway  from  near  the  west-end  of  Oxford-street  to  Cheap- 
side  ;  to  incorporate  a  company  to  make  railways  from  the  Elephant  and 
Castle  to  the  Waterloo  and  Whitehall  Eailway,  the  Thames  Embankment, 
and  Scotland-yard.  Independently  of  those  railways,  it  is  proposed  to  in- 
corporate a  tramway  company  to  lay  down  street  tramways  in  London  on 
the  north  side  of  the  Thames ;  to  incorporate  another  company  to  lay  down 
street  tramways  on  the  south  of  the  Thames,  in  Surrey ;  to  incorporate  a 
company  to  lay  down  tramways  51ft.  wide  along  the  centre  of  17  streets  in 
Piralico,  Peckham,  and  Greenwich,  passing  through  Lambeth,  Camber- 
well,  Kennington,  and  other  places ;  also  to  incorporate  a  company  for 
making  tramways,  4ft.  8^in.  in  width,  level  with  the  surface  of  streets  or 
roads,  from  Kensington  to  Hounslow,  from  Hammersmith  to  Uxbridge, 
from  Paddington  to  Harrow  and  Edgware ;  from  Islington  to  Barnet ; 
from  Newingtonto  Charlton  next  Woolwich ;  and  from  Lambeth  to  Croydon 
and  to  Eichmond.     . 

It  is  proposed  to  incorporate,  a  company  for  extending  the  Great 
Northern,  Edgware,  Highgate,  and  London  branch  to  Harrow.  To  incor- 
porate a  company  to  make  a  railway  from  the  London,  Chatham,  and 
Dover  Eailway  at  Dulwich  to  Brighton.  To  incorporate  a  company  to 
make  a  railway  from  the  Birkenhead  Eailway,  under  the  Mersey,  to  Liver- 
pool, together  with  two  extension  railways.  *To  incorporate  a  company  to 
construct  railways  to  the  Mersey,  and  to  work  a  steam-ferry  exclusively 
across  that  river.  To  incorporate  a  company  to  construct  railways  to  the 
Mersey,  and  to  work  a  steam-ferry  exclusively  across  that  river.  To  incor- 
porate a  company  to  construct  a  railway  from  Callingtoe  to  Calstock,  with 
two  branches.  To  incorporate  a  company  to  make  a  railway  from  the 
Whitland  station  of  the  South  Wales  line,  up  the  Taff  Valley,  to  the 
Crymmych  Arms  Inn.  To  incorporate  a  company  to  construct  a  tramway 
from  Chirk  to  the  Cambrian  Slate  Quarry,  in  the  parish  of  Llansaintffraid 
Glyn  Geiriog.  To  incorporate  a  company  to  construct  a  railway  from  Had- 
denham  to  the  Great  Eastern  Eailway  at  Longstanton.    To  incorporate  a 


company  to  construct  tramways,  docks,  and  warehouses  at  Holyhead.  To 
incorporate  a  company  (Landowners'  Association)  to  purchase  lands  and  to 
construct  and  work  railways.  To  incorporate  a  company  to  construct  a 
railway  from  Eichmond,  Yorkshire,  to  the  town  of  Eeeth.  To  incorporate 
a  company  to  make  a  railway  from  Mount-street,  Manchester,  to  Didsbury 
on  a  narrow  guage.  To  incorporate  a  company  to  make  a  railway  from  the 
East  Somerset  Eailway  at  Doulting  to  Mells.  To  incorporate  a  company 
to  make  a  railway  from  Mayfield  to  the  South  Eastern  Eailway  at  Tice- 
hurst.  To  incorporate  a  company  to  make  a  railway  from  Sandwich  to 
Adisham.  To  incorporate  a  company  to  make  railways  from  Southend  to 
Shoeburyness.  To  incorporate  a  company  to  make  a  railway  from  Stoney 
Stratford  to  Wolverton.  To  incorporate  other  companies  to  make  railway! 
from  the  Great  Eastern  Railway  at  Sutton  to  Somersham ;  from  the  East 
Lincolnshire  railway  at  Eirsby  to  Wainfleet;  from  Princes  Risborough  to 
Watlington  ;  a  railway  and  pier  in  the  Isle  of  Wight;  a  railway  from  the 
Ihetford  and  Watton  Railway  to  Swaffham  ;  and  from  the  Brighton  Rail- 
way to  a  new  station  at  Worthing.  To  incorporate  a  company  to  facilitate 
communication  between  Dover  and  the  Continent  by  means  of  powerful 
steamers  and  sea.  works.  Notices  for  the  extension  of  time  for  the  purchase 
of  land  and  completion  of  works  have  been  given  by  25  companies.  Notices 
of  application  for  the  abandonment  of  authorized  lines  have  been  given  by 
the  (.Treat  Eastern  for  power  to  abandon  the  construction  of  railways  in  the 
parishes  of  Doddington  and  East  Dereham,  the  Stratford  branch,  the 
Ordnance  Factory  branch,  the  Winchmore-hill  Railway,  a  portion  of  the 
Highbeach  Railway,  and  the  Alexandra  Park  branch. 

The  Caledonian  Company  propose  to  abandon  the  railways  authorized  by 
the  Balerno  Branch  Act,  1865,  the  Greenock  and  Gourock  Extensions  Act, 
1866,  the  Lancashire  and  Midlothian  Branches  Act,  1866,  and  a  portion  of 
the  railway  authorized  by  tne  Branches  and  Stations  Act,  1867,  also  to 
apply  some  of  the  funds  authorized  for  these  to  other  works.  The  Cale- 
donian and  Glasgow  South  Western  Railway  Companies  seek  power  to 
become  joint  owners  of  the  Glasgow,  Barrhead,  and  Meilston  Direct,  the 
Glasgow  Terminal  Railway,  and  the  Crofthead  and  Kilmarnock  Eailway, 
with  a  view  to  the  abandonment  of  the  Kilmarnock  Direct  Eailway.  The 
North  British  Company  seek  for  power  to  abandon  12  authorized  railways, 
canals,  and  other  works.  The  Furness  Company  propose  to  abandon  the 
railways  authorized  by  the  Windermere  and  Furness- Act?,  1865  and  1866, 
and  to  make  a  new  railway  to  Windermere  Lake.  The  Midland  and 
London  and  North  Western  Railway  Companies  have  agreed,  on  certain 
terms,  for  the  joint  use  and  working  of  the  Lancaster  and  Carlisle  line  (in- 
cluding the  Lancaster  and  Preston  Junction  and  Kendal  and  Windermere 
Eailway),  the  Midland  Company  seeek  for  power  to  abandon  the  several 
railways  authorized  by  the  Midland  (Settle  and  Carlisle)  Act,  1866,  thus 
rendered  unheeessary,  only  reserving  the  use  of  the  Citadel  station  at  Car- 
lisle and  the  lines  of  railway  there.  The  London  and  South  Western  seek 
for  power  to  abandon  the  Poole  and  Bournemouth  Junction  and  a  portion 
of  the  railway  from  Bideford  to  Great  Torrington.  The  Southsea  Com- 
pany to  abandon  the  construction  of  that  railway.  The  Llynvi  and 
Ogmore  desire  to  abandon  all  or  some  of  the  lailways  and  works  autho- 
rized by  the  Llynvi  Valley  Eailway  Act,  1866.  The  Lane  ishire  and 
Yorkshire  wish  to  abandon  an  authorized  railway  in  the  West  Riding  of 
Yorkshire.  The  London  and  North  Western  propose  to  abandon  portions 
of  railways  in  Lancashire  and  Cheshire.  The  Great  Eastern,  in  addition 
to  the  abandonment  of  the  branch -lines  above  mentioned,  seek  for  power 
to  purchase  lands  and  houses  at  West  Ham,  Ipswich,  Lynn,  -end  Ely  ;  to 
amend  the  Finance  Act,  1867,  and  the  Additional  Powers  Act ;  power  to 
regulate  the  capital,  and  alter  the  present  proportions  between  tiie  stock 
and  loan  capital  of  the  company,  and  to  extend  the  steamboat  services  to 
Hamburg  and  Harburg.  The  Great  Western  Company  propose  to  make 
sidings  at  Swansea,  and  a  few  short  junction  lines  at  places  in  Wales ;  they 
require  an  extension  of  time  for  the  purchase  of  land  and  completion  of 
works,  and  power  to  enter  into  agreements  with  other  companies.  The 
North  London  Company  intend  to  apply  for  an  extension  of  time  for  the 
completion  of  works,  for  power  to  widen  the  bridge  over  York -road,  and  to 
make  further  provision  with  reference  to  the  running  by  the  company  of 
trains  for  the  labouring  classes,  and  to  limit  the  liability  of  the  company  in 
cases  of  accident  to  passengers  by  such  trains.  The  London,  Chatham,  and 
Dover  Company  propose  to  widen  the  bridge  over  Fleet-lane  by  20ft.  on 
the  western  side ;  to  extend  the  time  for  the  completion  of  certain  works 
authorized  by  the  New  Lines  Act,  1864;  power  to  make  agreements  with 
other  companies  respecting  the  portion  of  the  Victoria  station  occupied  by 
the  company  and  Pimlico  railway  used  by  the  company ;  to  make  provision 
for  the  amalgamation  of  the  several  sections  of  the  company's  under- 
taking, and  for  determining  the  conditions  of  the  amalgamation  on  the 
basis  of  a  division  of  net  receipts  ;  to  make  provision  for  the  working  and 
maintenance  of  the  Kent  Co»st,  the  Seveuoaks,  and  the  Crystal  Palace  and 
South  London  Junction  Railways  as  part  of  the  system.  The  Manchester, 
Sheffield,  and  Lincolnshire  and  Midland  propose  to  become  joint  owners  of 
the  authorized  Manchester  and  Stockport  Railway,  the  Marple  New  Mills 
and  Hayfield  Railway,  and  the  Newton  and  Compstall  branches.  The 
London  and  North  Western  propose  to  make  some  short  extension,  junction 
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branch,  and  curve  lines  at  Hulton,  Kenyon,  Derby,  and  Nuneaton,  and 
several  new  roads ;  and  an  approach  road  to  the  Euston  station  ;  power  to 
purchase  and  bold  land  and  bouses  in  Dublin,  Conway,  Wigan,  Litehurch, 
Hampstead,  St.  Pancras,  Holyhead,  and  other  places,  and  to  extend  the 
time  for  the  completion  of  works  in  the  counties  of  Salop  and  Flint.  The 
Midland  Company  propose  to  make  branch  and  junction  railways  in  the 
counties  of  Derby  and  Leicester,  to  extend  the  time  for  the  purchase  of 
land  and  the  completion  of  works  in  Bristol,  the  West  and  North  R  dings 
of  Yorkshire,  and  the  counties  of  Derby,  Somerset,  Glocester,  Leicester, 
Nottingham,  and  other  places ;  power  to  use  the  Great  Western  station 
and  lines  at  Bristol,  and  portions  of  line  near  Hereford.  The  Scinde  Com- 
pany propose  to  amalgamate  into  one  or  more  companies  the  separate 
undertakings  of  the  company.  The  Severn  and  Wye  Company  propose  to 
convert  their  tramways  into  railways,  either  on  the  broad,  narrow,  or 
mixed  gauge.  The  Mid  Wales,  the  Neath  and  Brecon  Junction;  the 
Wrexham,  Mold,  and  Connal.'s  Quay,  the  •  Bishop's  Castle,  the  Bristol  and 
North  Somerset,  and  the  Denbigh  Ruthen  and  Corwen  Railway  Companies 
seek  for  powers  to  regulate  their  capitals,  to  arrange  their  affairs,  to  sus- 
pend in  some  cases  for  a  time  legal  proceedings,  and  to  sanction  deeds  of 
arrangement  for  the  final  settlement  of  creditors'  claims! 


THE  METROPOLITAN  RAILWAY. 

A  new  length  of  line,  forming  a  section  of  the  New  Metropolitan  Inner 
Circle,  has  just  been  completed.  This  section  is  a  continuation  of  the 
Metropolitan  Railway  from  Kensington  to  Westminster  Bridge,  so  that 
the  inner  circle  is  now  complete  from  Moorgate-street  to  Westminster. 

The  cost  of  the  construction  of  this  short  link  of  line  has  been  very 
great,  not  less  than  £700,000  a  mile,  the  great  bulk  of  which  has  of  course 
gone  in  conpensations.  The  length  of  new  line  is  nearly  three  miles,  and 
has  six  stations — one  at  Westminster-bridge;  one  in  tbe  Broadway,  at  St. 
James's-park ;  one  at  Victoria,  where  it  joins  the  Chatham  and  Dover  line; 
one  at  Chelsea,  near  Sloane-square  ;  one  at  South  Kensington  ;  and  one  in 
the  Gloucester- road,  West  Brompton.  Of  the  whole  length  of  line  about 
one-third  is  tunnel  and  the  rest  open  cutting.  No  very  special  engineer- 
ing difficulties  were  met  with  in  the  construction  ot  the  line  except  the 
continued  presence  of  water,  as  some  parts  of  the  works  are  below  low- 
water  mark.  The  greatest  depth  below  the  surface  to  the  rails  is  not  more 
than  32ft.,  the  quickest  curve  is  440ft.  radius,  and  the  greatest  incline  1  in 
250ft.  Considerable  difficulty  was  experienced  during  the  construction  of 
the  line  from  water,  both  from  the  sewers  and  the  surface  drainage.  On 
one  very  wet  day  in  the  early  summer  no  less  than  six  sewers  burst  at  once, 
and  gave  the  pumpa  enough  to  do  to  keep  their  contents,  with  the  surface 
drainage,  from  flooding  all  that  was  then  built  of  the  line.  To  this  day, 
and  as  long  as  the  line  is  in  use,  there  must  always  be  permanent  pumping 
stations  for  the  mere  surface  drainage,  there  being  no  outlet  towards  the 
river  without  raising  it  to  a  higher  level.  This  water  difficulty,  however, 
is  very  ingeniously  met  by  Messrs.  Fowler  and  Johnstone,  the  engineers  of 
the  line.  The  side  walls  both  of  the  arched  tunnels  and  open  cuttings  are 
made  of  extra  thickness,  and,  above  all,  are  connected  beneath  the  ground 
by  an  inverted  arch  of  concrete  nearly  three  feet  thick.  This  effectually 
prevents  the  water  rising  up  through  the  floor  of  the  line,  and  equally  pre- 
vents the  surface  water  from  draining  off.  For  this  surface  drainage, 
therefore,  special  provision  is  made,  by  means  of  pipes  laid  in  the  centre 
of  the  line,  and  which  carry  the  water  on  to  the  pumping  stations,  where 
it  is  raised  and  sent  away  into  the  Thames.  Passing  under  the  middle  of 
the  Broadway  the  line  is  carried,  not  in  a  tunnel,  but  in  a  broad,  lofty, 
square  chamber,  with  a  flat  roof,  on  massive  wrought-iron  girders.  This 
is  a  very  beautiful  piece  of  work,  both  in  its  design  and  finish.  This,  as 
wall  as  the  whole  of  the  contract  work,  has  been  done  by  Messrs.  Kelk, 
Lucas,  and  Waring,  and  is  of  the  most  unexceptionable  character  from 
beginning  to  end.  While  passing  along  the  Broadway  special  precautions 
were  taken  to  guard  against  any  possible  vibration  affecting  the  Abbey. 
The  walls  on  the  Abbey  side  are  here  made  seven  bricks  thick.  Behind 
this  comes  the  Victoria  sewer  in  a  tube  of  iron,  and  behind  all  a  bed  of 
prat  seven  feet  thick.  The  peat  checks  all  vibration,  but  as  the  nearest 
point  at  which  the  line  passes  is  more  than  90ft.  from  the  Abbey  walls,  its 
deadening;  properties  are  scarcely  required. 

After  Westminster-bridge  the  first  station  is  at  St.  James's  park,  and 
leaving  this  the  line  continues  in  an  open  cutting  to  Buckingham-row, 
where  it  enters  a  tunnel  of  about  500  yards  in  length.  Here  the  water 
Occasioned  so  much  difficulty  that  engines  had  to  be  kept  going  ni^'ht  and 
day,  pumping  at  the  rate  of  nearly  4,000  gallons  a  minute.  Tbe  tnnnel  al 
this  point  passes  but  a  few  feet  below  tbe  surface  of  the  ground,  y< rl  it 
forma  the  foundation  of  the  brewery  belonging  to  Elliot,  Watney,  A  ('... 
above.  This  building  is  now  carried  on  a  leriei  "f  girders,  but  t  he  work 
had  to  be  done  with  great  care,  for  the  superincumbent  weight  was  im- 
mense, and  the  soil  below  poor  and  treacherous.  After  finishing  1 1 1 i  —  por- 
tion of  the  line  a  fresh  difficulty  arose  with   the   King's  Seholar's-pond 


sewer,  the  largest  sewer  next  to  that  of  the  Fleet  in  London.  This  had  to 
be  entirely  diverted  and  reconstructed  in  an  iron  tube,  lift,  wide  by  14ft. 
high.  So  very  limited  was  the  space  at  command  that  this  sewer  had  to 
be  built  over  the  up  and  down  line  in  a  deeply  arched  form  in  order  to 
make  room  for  the  funnels  of  the  locomotives.  This  most  difficult  of  all 
the  tasks  on  the  line  has  been  admirably  executed  by  Mr.  T.  A.  Walker, 
the  resident  engineer,  who  has  had  charge  of  the  works  throughout.  A 
few  yards  from  this  point  is  the  station  at  Victoria,  which,  like  all  the 
others  on  the  line,  is  open,  or  rather  only  closed  in  with  light  glass  and 
iron  roots.  From  this  point  the  line  passes  on  to  Sloane-square,  a  wide 
and  lolty  station,  but  the  architectural  effect  of  which  is  much  marred  by 
the  Ranelagh  sewer  being  taken  in  a  huge  cylinder  of  cast-iron  right 
across  its  very  centre  at  the  springing  of  the  arches.  Continuing  west- 
ward, the  next  station  is  near  the  site  of  the  Exhibition  building  of  1862, 
aud  to  this  a  new  road  will  be  made  by  a  continuation  of  the  Exhibition- 
road  from  Kensington.  The  last  station  is  at  Gloucester-road,  West  Bromp- 
ton, where  the  junction  is  effected  with  the  Metropolitan  Extension,  The 
District  line  then  branches  to  the  south  and  forms  a  double  junction  with 
the  West  London,  by  means  of  which  a  communication  is  gained  with 
most  of  tbe  southern  lines  at  the  Clapham  Junction. 


ON  A  NEW  SERIES  OF  CHEMICAL  REACTIONS  PRODUCED  BY 

LIGHT. 
By  John  Tzndall,  LL.D.,  F.R.S.,  &c. 

Action  of  the  Electric  Li&ht. — A  glass  tube  2-8  feet  long  and  of 
2'5  inches  diameter,  frequently  employed  in  my  researches  on  radiant  heat, 
was  supported  horizontally.  At  one  end  of  it  was  placed  an  electric 
lamp,  the  height  and  position  of  both  being  so  arranged  that  the  axis  of 
the  glass  tube  and  that  of  the  parallel  beam  issuing  from  the  lamp  were 
coincident.  The  tube  in  the  first  experiment  was  closed  in  plates  of  rock 
salt,  and  subsequently  by  plates  of  glass. 

As  on  former  occasions,  for  the  sake  of  distinction,  I  will  call  this  tube 
the  experimental  tube. 

The  experimental  tube  was  connected  with  an  air-pump,  and  also  with 
a  series  of  drying  and  other  tubes  used  for  the  purification  of  the  air. 

A  number  of  test-tubes  (I  suppose  I  have  used  fifty  of  them  in  all) 
were  converted  into  Woulfe's  flasks.  Each  of  them  was  stopped  by  a  cork 
through  which  passed  two  glass  tubes  :  one  of  these  tubes  (a)  ended 
immediately  below  tbe  cork,  while  the  other  (fi)  descended  to  the 
bottom  of  the  flask,  being  drawn  out  at  its  lower  end  to  an  orifice  about 
0'03  ot  an  inch  in  diameter.  It  was  found  necessary  to  coat  the  cork 
carefully  with  cement. 

The  little  flask  thus  partially  filled  with  the  liquid  whose  vapour  was 
to  be  examined ;  it  was  then  introduced  into  the  path  of  the  purified 
current  of  air. 

The  experimental  tube  being  exhausted,  and  the  cock  which  cut  off  the 
supply  of  purified  air  being  cautiously  turned  on,  the  air  entered  the 
flask  through  the  tube  b,  and  escaped  by  the  small  orifice  at  the  lower 
end  of  6  into  the  liquid.  Through  this  it  bubbled,  loading  itself  with 
vapour,  after  which  the  mixed  air  and  vapour,  passing  from  the  flask  by 
the  tube  a,  entered  the  experimental  tube,  where  they  were  subjected  to 
the  action  of  light. 

The  power  of  the  electric  beam  to  reveal  the  existence  of  anything 
within  the  experimental  tube,  or  the  impurities  of  the  tube  itself,  is 
extraordinary.  When  the  experiment  is  made  in  a  darkened  room,  a  tube 
which  in  ordinary  daylight  appears  absolutely  clean  is  often  shown  by  the 
present  mode  of  examination  to  be  exceedingly  filthy. 

The  following  are  some  of  the  results  obtained  with  this  arrangement: 

Nitbate  of  Amyl  (boiling  point  91°  to  96"  C).— The  vapour  of  this 
liquid  was  in  the  first  instance  permitted  to  enter  the  experimental  tube 
while  the  beam  from  the  electric  lamp  was  passing  through  it.  Curious 
clouds  were  observed  to  form  near  the  place  of  entry,  which  were  after- 
wards whirled  through  the  tube. 

Thotube  being  again  exhausted,  the  mixed  air  and  vapour  were  allowed 
to  enter  it  in  the  dark.  Tho  slightly  convergent  beam  of  the  electric 
light  was  then  sent  through  the  tubo  from  end  to  end.  For  a  moment 
the  tubo  was  optically  empty — nothing  whatever  was  seen  within  it ;  but 
before  a  second  bad  elapsed  a  shower  of  liquid  spherules  was  precipitated 
on  the  beam,  thus  generating  a  cloud  within  the  tube.  This  cloud 
became  denser  as  tho  light  continued  to  act,  showing  at  some  places  a 
vivid  iridescence. 

The  beam  ol  the  electric  lamp  was  now  converged  so  as  to  form  within 
the  tube,  between  it*  cud  and  the  focua,  a  cone  of  rays  about  Sin.  long, 

I  In-  tube  was  cleansed  and  again  tilled  in  darkness.  When  the  light  waa 
sent  through  it,  the  precipitation  upon  the  beam  «as  so  rapid  and  intense 
l  hit  the  cone,  which  a  moment  before  was  invisible,  Hashed  suddenly 
forth  like  a  solid  luminous  spear. 

The  effect  was  the  samo  when  the  air  and  vapour  were  allowed  to  enter 
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the  tube  in  diffuse  daylight.  The  cloud,  however,  which  shone  with  such 
extraordinary  radiance  under  the  electric  beam,  was  invisible  in  the 
ordinary  light  of  the  laboratory. 

The  quantity  of  mixed  air  and  vapour  within  the  experimental  tube 
could  of  course  be  regulated  at  pleasure.  The  rapidity  of  the  action 
diminished  with  the  attenuation  of  the  vapour.  When,  for  example,  the 
mercurial  column  associated  with  the  experimental  tube  was  depressed 
only  5in.,  the  action  was  not  nearly  so  rapid  as  when  the  tube  was  full. 
In  such  cases,  however,  it  was  exceedingly  interesting  to  observe,  after 
some  seconds  of  waiting,  a  thin  streamer  of  delicate  bluish-white  cloud 
slowly  forming  along  the  axis  of  the  tube,  and  finally  swelling  so  as  to 
fill  it. 

When  dry  oxygen  was  employed  to  carry  in  the  vapour,  the  effect  was 
the  same  as  that  obtained  with  the  air. 

When  dry  hydrogen  was  used  as  a  vehicle,  the  effect  was  also  the  same. 

The  effect,  therefore,  is  not  due  to  any  interaction  between  the  vapour 
of  the  nitrite  and  its  vehicle. 

This  was  further  demonstrated  by  the  deportment  of  the  vapour  itself. 
When  it  was  permitted  to  enter  the  experimental  tube  unmixed  with  air 
or  any  other  gas,  the  effect  was  substantially  the  same.  Hence  the  seat 
of  the  observed  action  is  the  vapour  itself. 

With  reference  to  the  air  and  the  glass  of  the  experimental  tube,  the 
beam  employed  in  these  experiments  was  perfectly  cold.  It  bad  been 
sifted  by  passing  it  through  a  solution  of  alum,  and  through  the  thick 
double-convex  lens  of  the  lamp.  When  the  unsifted  beam  of  the  lamp 
was  employed,  the  effect  was  still  the  same;  the  obscure  calorific  rays  did 
not  appear  to  interfere  with  the  result. 

I  have  taken  no  means  to  determine  strictly  the  character  of  the 
action  here  described,  my  object  being  simply  to  point  out  to  chemists  a 
method  of  experiment  which  reveals  a  new  and  beautiful  series  of 
reactions  ;  to  them  I  leave  the  examination  of  the  products  of  decom- 
position. The  molecule  of  the  nitrate  of  amyl  is  shaken  asunder  by 
certain  specific  waves  of  the  electric  beam,  forming  nitric  oxide  and  other 
products,  of  which  the  nitrate  of  amyl  is  probably  one.  The  brown 
fames  of  nitrous  acid  were  seen  to  mingle  with  the  cloud  within  the 
experimental  tube. 

The  nitrate  of  amyl,  being  less  volatile  than  the  nitrite,  could  not 
maintain  itself  in  the  condition  of  vapour,  but  would  be  precipitated  in 
liquid  spherules  along  the  track  of  the  beam.  ' 

In  the  anterior  portions  of  the  tubes  a  sifting  action  of  the  vapour 
occurs,  which  diminishes  the  chemical  action  in  the  posterior  portions. 
In  some  experiments  the  precipitated  cloud  only  extended  halfway  down 
the  tube.  When,  under  these  circumstances,  the  lamp  was  shifted  so 
as  to  send  the  beam  through  the  other  end  of  the  tube,  precipitation 
occurred  there  also. 

Action  op  Sunlight. — The  solar  light  also  affects  '  the  decomposition 
of  the  nitrite-of-amyl  vapour.  On  the  10th  of  October  I  partially 
darkened  a  small  room  at  the  Royal  Institution,  into  which  the  sun 
shone,  permitting  the  light  to  enter  through  an  open  portion  of  the 
window  shutter.  In  the  track  of  the  beam  was  placed  a  large  plano- 
convex lens,  which  formed  a  fine  convergent  cone  in  the  dust  of  the  room 
behind  it.  The  experimental  tube  was  filled  in  the  laboratory,  covered 
with  a  black  cloth,  and  carried  into  the  partially  darkened  room.  On 
thrusting  one  end  of  the  tube  into  the  cone  of  rays  behind  the  lens, 
precipitation  within  the  cone  was  copious  and  immediate.  The  vapour 
at  the  distant  end  of  the  tube  was  in  part  shielded  by  that  in  front,  and 
was  also  more  feebly  acted  on  through  the  divergence  of  the  rays. 
On  reversing  the  tube,  a  second  and  similar  cone  was  precipitated. 

Physical  Considerations. — I  sought  to  determine  the  particular 
portion  of  the  white  beam  which  produced  the  foregoing  effects.  When, 
previous  to  entering  the  experimental  tube,  the  beam  was  caused  to  pass 
through  a  red  glass,  the  effect  was  greatly  weakened,  but  not  extin- 
guished. This  was  also  the  case  with  various  samples  of  yellow  glass. 
A  blue  glass  being  introduced,  before  the  removal  of  the  yellow  or  the 
red,  on  taking  the  latter  away,  augmented  precipitation  occurred  along 
the  track  of  the  blue  beam.  Hence,  in  this  case,  the  more  refrangible 
rays  are  the  most  chemically  active. 

The  colour  of  the  liquid  nitrate  of  amyl  indicates  that  this  must  be  the 
case j  it  is  a  feeble  but  distinct  yellow;  in  other  words,  the  yellow 
portion  of  the  beam  is  most  freely  transmitted.  It  is  not,  however,  the 
transmitted  portion  of  any  beam  which  produces  chemical  action,  but  the 
absorbed  portion.  Blue,  as  the  complementary  colour  to  yellow,  is  here 
absorbed,  and  hence  the  more  energetic  action  of  the  blue  rays.  This 
reasoning,  however,  assumes  that  the  same  rays  are  absorbed  by  the  liquid 
and  its  vapour. 

A  solution  of  the  yellow  chromate  of  potash,  the  colour  of  which  may 
be  made  almost,  if  not  altogether,  identical  with  that  of  the  liquid  nitrite 
of  amyl,  was  found  far  more  effective  in  stopping  the  chemical  rays  than 
either  the  red  or  yellow  glass.  But  of  all  substances  the  nitrite  itself  is 
most  potent  in  arresting  the  rays  which  act  upon  its  vapours.     A  layer 


one-eighth  of  an  inch  in  thickness,  which  scarcely  perceptibly  affected  the 
luminous  intensity,  sufficed  to  absorb  the  entire  chemical  energy  of  the 
concentrated  beam  of  the  electric  light. 

The  close  relation  subsisting  between  a  liquid  and  its  vapour,  as  regards 
their  action  upon  radiant  beat,  has  been  already  amply  demonstrated.* 

As  regards  the  nitrite  of  amyl,  this  relation  is  more  specific  than  in  the 
cases  hitherto  adduced ;  for  here  the  special  constituent  of  the  beam  which 
provokes  the  decomposition  of  the  vapour  is  shown  to  be  arrested  by  the 
liquid. 

A  question  of  extreme  importance  in  molecular  physics  here  arises : — 
What  is  the  real  mecbauism  of  this  absorption,  and  where  is  its  seat?  f 

I  figure,  as  others  do,  a  molecule  as  a  group  of  atoms,  held  together  by 
their  mutual  forces,  but  still  capable  of  motion  among  themselves.  The 
vapour  of  the  nitrate  of  amyl  is  to  be  regarded  as  an  assemblage  of  such 
molecules.  The  question  now  before  us  is  this  : — In  the  act  of  absorption, 
is  it  the  molecules  that  are  effective,  or  is  it  their  constituent  atoms  ?  Is 
the  vis  viva  of  the  intercepted  waves  transferred  to  the  molecule  as  a 
whole,  or  to  its  constituent  parts. 

The  molecule,  as  a  whole,  can  only  vibrate  in  virtue  of  the  forces 
exerted  between  it  and  its  neighbouring  molecules.  The  intensity  of  these 
forces,  and  consequently  the  rate  of  vibration,  would,  in  this  case,  be  a 
function  of  the  distance  between  the  molecules.  Now  the  identical 
absorption  of  the  liquid  and  of  the  vaporous  nitrate  of  amyl  indicates  an 
identical  vibrating  period  on  the  part  of  liquid  and  vapour,  and  this,  to 
my  mind,  amounts  to  an  experimental  demonstration  that  the  absorption 
occurs  in  the  main  within  the  molecule.  For  it  can  hardly  be  supposed, 
if  the  absorption  were  the  act  of  the  molecule  as  a  whole,  that  it  could 
continue  to  affect  waves  of  the  same  period  after  the  substance  had 
passed  from  the  vaporous  to  the  liquid  state. 

In  point  of  fact,  the  decomposition  of  the  nitrite  of  amyl  is  itself  to 
some  extent  an  illustration  of  this  internal  molecular  absorption  ;  for 
were  the  absorption  the  act  of  the  molecule  as  a  whole,  the  relative 
motions  of  its  constituent  atoms  would  remain  unchanged,  and  there 
would  be  no  mechanical  cause  for  their  separation.  It  is  probably  the 
synchronism  of  the  vibrations  of  one  portion  of  the  molecule  with  the 
incident  waves  which  enables  the  amplitude  of  those  vibrations  to 
augment  until  the  chain  which  hinds  the  parts  of  the  molecule  together 
is  snapped  asunder. 

The  liquid  nitrate  of  amyl  is  probably  also  decomposed  by  light ;  but 
the  reaction,  if  it  exists,  is  incomparably  less  rapid  and  distinct  than 
that  of  the  vapour.  Nitrate  of  amyl  has  been  subjected  to  the  concen- 
trated solar  rays  until  it  boiled,  and  it  has  been  permitted  to  continue 
boiling  for  a  considerable  time,  without  any  distinctly  apparent  change 
occurring  in  the  liquid. 

I  anticipate  wide,  if  not  entire,  generality  for  the  fact  that  a  liquid  and 
its  vapour  absorb  the  same  rays.  A  cell  of  liquid  chlorine  now  preparing 
for  me  will,  I  imagine,  deprive  light  more  effectually  of  its  power  of 
causing  chlorine  and  hydrogen  to  combine  than  any  other  filter  of  the 
luminous  rays.  The  rays  which  give  chlorine  its  colour  have  nothing  to 
do  with  this  combination,  those  that  are  absorbed  by  the  chlorine  being 
the  really  effective  rays.  A  highly  sensitive  bulb,  containing  chlorine 
and  hydrogen  in  the  exact  proportions  necessary  for  the  formation  of 
hydrochloric  acid  was  placed  at  one  end  of  the  experimental  tube,  the 
beam  of  the  electric  lamp  being  sent  through  it  from  the  other.  The 
bulb  did  not  explode  when  the  tube  was  filled  with  chlorine,  while  the 
explosion  was  violent  and  immediate  when  the  tube  was  filled  with  air 
I  anticipate  for  liquid  chlorine  an  action  similar  to,  but  still  more  the 
energetic,  than  that  exhibited  by  the  gas.  If  this  should  prove  to  be  the 
case,  it  will  favour  the  view  that  chlorine  itself  is  molecular  and  not 
monatomic.  Other  cases  of  this  kind  I  hope,  at  no  distant  day,  to  bring 
before  the  Royal  Society. 

Production  op  Sky-blue  by  the  Decomposition  of  Nitrite  of 
Amyl. — When  the  quantity  of  nitrite  vapour  is  considerable,  and  the 
light  intense,  the  chemical  action  is  exceedingly  rapid,  the  particles 
precipitated  being  so  large  as  to  whiten  the  luminous  beam.  Not  so, 
however,  when  a  well-mixed  and  highly-attenuated  vapour  fills  the 
experimental  tube.  The  effect  now  to  be  described  was  obtained  in  the 
greatest  perfection  when  the  vapour  of  nitrate  was  derived  from  a 
residue  of  the  moisture  of  its  liquid,  which  had  been  accidentally 
introduced  into  the  passage  through  which  the  dry  air  flowed  into  the 
experimental  tube. 

In  this  case  the  electric  beam  traversed  the  tube  for  several  seconds 
before  any  action  was  visible.  Decomposition  then  visibly  commenced, 
and  advanced  slowly.  The  particles  first  precipitated  were  too  small  to 
be  distinguished  by  an  eye-glass ;  and,  when  the  light  was  very  strong, 
the   clond    appeared    of  a    milky    blue.      When,    on  the  contrary,   the 


*  Phil.  Trans.,  1864. 

+  My  attention  was  very  forcibly  directed  to  this  subject  some  years  ago  by  a  con- 
versation with  my  excellent  friend  Professor  Clausius. 


January  1,  1869.] 


THE  ARTIZAN. 


11 


intensity  was  moderate,  the  blue  was  pure  and  deep.  In  Brucke's 
important  experiments  on  the  blue  of  the  sky  and  the  morning  and 
evening  red,  pure  mastic  is  dissolved  in  alcohol,  and  then  dropped  into 
water  well  stirred.  When  the  proportion  of  mastic  to  alcohol  is  correct, 
the  resin  is  precipitated  so  finely  as  to  elude  the  highest  microscopic 
power.  By  reflected  light,  such  a  medium  appears  bluish,  by  trans- 
mitted light  yellowish,  which  latter  colour,  by  augmenting  the  quantity  of 
the  precipitate,  can  be  caused  to  pass  into  orange  or  red. 

But  the  development  of  colour  in  the  attenuated  nitrite-of-amyl 
vapour,  though  admitting  of  the  same  explanation,  is,  doubtless,  more 
similar  to  what  takes  place  in  our  atmosphere.  The  blue,  moreover,  is 
purer  and  more  sky-like  than  that  obtained  from  Brucke's  turbid 
medium.  There  could  scarcely  be  a  more  impressive  illustration  of 
Newton's  mode  of  regarding  the  generation  of  the  colour  of  the  firma- 
ment than  that  here  exhibited  ;  for  never,  even  in  the  skies  of  the  Alps, 
have  I  seen  a  richer  or  a  purer  blue  than  that  attainable  by  a  suitable 
disposition  of  the  light  falling  upon  the  precipitated  vapour.  May  not 
the  aqueous  vapour  of  our  atmosphere  act  in  a  similar  manner  ?  and  may 
we  not  fairly  refer  to  liquid  particles  of  infinitesimal  size  the  hues 
observed  by  Principal  Forbes  over  the  safety-valve  of  a  locomotive,  and 
so  skilfully  connected  by  him  with  the  colours  of  the  sky  ? 

In  exhausting  the  tube  containing  the  mixed  air  and  nitrite-of-amyl 
vapour,  it  was  difficult  to  avoid  explosions  under  the  pistons  of  the  air 
pump  similar  to  those  which  I  have  already  described  as  occurring  with 
the  vapours  of  bisulphide  of  carbon  and  other  substances-  Though  the 
quantity  of  vapour  present  in  these  cases  must  have  been  infinitesimal 
its  explosion  was  sufficient  to  destroy  the  valves  of  the  pump. 

Iodide  op  Alltl  (boiling  point  101°  C). — Among  the  liquids  hitherto 
subjected  to  the  concentrated  electric  light,  iodide  of  allyl,  in  point  of 
rapidity  and  intensity  of  action,  comes  next  to  the  nitrite  ot  amyl.  With 
the  iodide  of  allyl  I  have  employed  both  oxygen  and  hydrogen,  as  well  as 
air,  as  a  vehicle,  and  found  the  effect  in  all  cases  substantially  the  same. 
The  cloud  column  here  was  exquisitely  beautiful,  but  its  forms  were 
different  from  those  of  the  nitrite  of  amyl.  The  whole  column  revolved 
round  the  3xis  of  the  decomposing  beam  ;  it  was  nipped  at  certain  places 
like  an  hour-glass,  and  round  the  two  bells  of  the  glass  delicate  cloud- 
filaments  twisted  themselves  in  spirals.  It  also  folded  itself  into  convo- 
lutions resembling  those  of  shells.  In  certain  conditions  of  the 
atmosphere  in  the  Alps  I  have  often  observed  clouds  of  a  special  pearly 
lustre  ;  when  hydrogen  was  made  the  vehicle  of  the  iodide-of-allyl  vapour, 
a  similar  lustre  was  most  exquisitely  shown.  With  a  suitable  disposition 
of  the  light,  the  purple  hue  of  iodine  vapour  came  out  very  strongly  in 
the  tube. 

The  remark  already  made,  as  to  the  bearing  of  the  decomposition  of 
nitrite  of  amyl  by  light  on  the  question  of  molecular  absorption,  applies 
here  also ;  for  were  the  absorption  the  work  of  the  molecule  as  a  whole, 
the  iodine  would  not  be  dislodged  from  the  allyl  with  which  it  is  combined 
The  non-synchronism  of  iodine  with  the  waves  of  obscure  heat  is 
illustrated  by  its  marvellous  transparency  to  such  heat.  May  not  its 
synchronism  with  the  waves  of  light  in  the  present  instance  be  the  caase 
of  its  divorce  from  the  allyl  ?  Further  experiments  on  this  point  are  in 
preparation. 

Iodide  of  Isopropyl. — The  action  of  light  upon  the  vapour  of  this 
liquid  is  at  first  more  languid  than  upon  the  iodide  of  allyl  ;  indeed  many 
beautiful  reactions  may  be  overlooked  in  consequence  of  this  langour  at 
the  commencement.  After  some  minutes'  exposure,  however,  clouds 
begin  to  form,  which  grow  in  density  and  in  beauty  as  the  light  continues 
to  act.  In  every  experiment  hitherto  made  with  this  substance  the 
column  of  cloud  which  filUd  the  experimental  tube  was  divided  into  tivo 
distinct  parts  near  the  middle  of  the  tube.  In  one  experiment,  a  globe 
of  cloud  formed  at  the  centre,  from  which,  right  and  left,  issued  an  axis 
which  united  the  globe  with  the  two  adjacent  cylinders.  Both  globe  and 
Cylinders  were  animated  by  a  common  motion  of  rotation.  As  the  action 
continued,  paroxysms  of  motion  were  manifested  ;  the  various  parts  of  the 
cloud  would  rush  through  each  other  with  sudden  violence.  During  these 
motions  beautiful  and  grotesque  cloud-forms  were  developed.  At  some 
places  the  nebulous  mass  would  become  ribbed  so  as  to  resemble  the 
graining  of  wood  ;  a  longitudinal  motion  would  at  time  generate  in  it 
B  scries  of  curved  tJansverse  band",  the  retarding  influence  of  the  tain 
of  the  tubo  causing  an  appearance  resembling,  on  a  small  scale,  the  diit- 
bandl  of  the  Mer  dc  Glace.  In  the  anterior  portion  of  the  tube  those 
sudden  commotions  were  most  intense;  here  buds  of  cloud  would  sproi 
forth,  and  grow  in  a  few  seconds  into  perfect  flower-like  forms.  '1  be 
most  curious  appearance  that  I  noticed  was  that  of  a  cloud  resembling  a 
tongue  was  rapidly  discharged.  The  cloud  of  iodide  of  isopropyl  had  a 
character  of  its  own,  and  differed  materially  from  all  others  that  1  had 
seen.  A  gorgeous  mauve  colour  was  developed  in  the  last  twehc  inches 
in  the  tube  ;  the  vaponr  of  iodine  was  present,  and  it  may  have  been  the 
sky-blue  produced  by  the  precipitated  particles  which,  mingling  with  t  In- 
purple  of  the  iodine,  produced  this  splendid  mauve.    As  in  all  other  cases 


adduced,  the  effects  were  proved  to  be  due  to  the  light;  they  never 
occurred  in  darkness. 

I  should  like  to  guard  myself  against  saying  more  than  the  facts 
warrant  regarding  the  chemical  effect  produced  by  light  in  the  following 
three  substances  ;  but  the  physical  appearances  are  so  exceedingly  singular 
that  I  do  not  hesitate  to  describe  it. 

Hydrobromic  Acid. — The  aqueous  solution  of  this  acid  was  placed  in 
a  small  Woulfe's  flask,  and  carried  into  the  experimental  tube  by  a 
current  of  air. 

The  tube  being  filled  with  the  mixture  of  acid,  aqueous  vapour,  and  air, 
the  beam  was  sent  through  it,  the  lens  at  the  same  time  being  so  placed 
as  to  produce  a  cone  of  very  intense  light.  Two  minutes  elapsed  before 
anything  was  visible  ;  but  at  the  end  of  this  time  a  faint  bluish  cloud 
appeared  to  hang  itself  on  the  most  concentrated  portion  of  the  beam. 

Soon  afterwards  a  second  cloud  was  formed  5in.  further  down  the 
experimental  tube.  Both  clouds  were  united  by  a  slender  cord  of  cloud 
of  the  same  blui.-h  tint  as  themselves. 

As  the  action  of  the  light  continued,  the  first  cloud  gradually  resolved 
into  a  series  of  parallel  discs  of  exquisite  delicacy  ;  the  discs  rotated  round 
an  axis  perpendicular  to  their  surfaces,  and  finally  t'uey  blended 
together  to  produce  a  screw  surface  with  an  inclined  generatrix.  This 
surface  gradually  changed  into  a  filmy  funnel,  from  the  end  of  which  the 
"  cord  "  extended  to  the  cloud  in  advance.  This  also  underwent  modifi- 
cation. It  resolved  itself  into  a  series  of  strata  resembling  those  of  the 
electric  discharge.  After  a  little  time,  and  through  changes  which  it  was 
difficult  to  follow,  both  clouds  presented  the  appearance  of  a  series  of 
concentric  funnels  set  one  with  the  other,  the  interior  ones  being  seen 
through  the  spectral  walls  of  the  outer  onas;  those  of  the  distant  cloud 
resembled  claret  glasses  in  shape.  As  many  as  six  funnels  were  thus 
concentrically  set  together,  the  two  series  being  united  by  the  delicate 
cord  of  cloud  already  referred  to.  Other  cords  and  slender  tubes  were 
afterwards  formed,  and  they  coiled  themselves  in  spirals  around  and 
along  the  funnels. 

Rendering  the  light  along  the  connecting  cord  more  intense,  it 
diminished  in  thickness  and  became  whiter ;  this  was  a  consequence  of 
the  enlargement  of  its  particles.  The  cord  finally  disappeared,  while  the 
funnels  melted  into  two  ghost-like  films,  shaped  like  parasols.  The  films 
were  barely  visible,  being  of  an  exceedingly  delicate  blue  tint ;  they 
seemed  woven  of  blue  air.  To  compare  them  with  cobweb  or  with  gauze 
would  be  to  liken  them  to  something  infinitely  grosser  than  themselves. 

In  a  second  trial  the  result  was  very  much  the  same.  A  cloud  which 
soon  assumed  the  parasol  shape  was  formed  in  front,  and  five  inches  lower 
down  another  cloud  was  formed,  in  which  the  funnels  already  referred  to 
were  considerably  sharpened.  It  was  connected  as  before  by  a  filament 
with  the  the  cloud  in  front,  and  it  ended  in  a  spear-point  which  extended 
12in.  further  down  the  tube. 

After  many  changes,  the  film  in  front  assumed  the  shape  of  a  bell,  to  the 
convex  surface  of  which  a  hollow  cylinder  about  two  inches  long  attached 
itself.  After  some  time  this  cylinder  broke  away  from  the  bell  and  formed 
itself  into  an  iridescent  ring,  which,  without  apparent  connection  with  any- 
thing else,  rotated  on  its  axis  in  the  middle  of  the  tube.  The  inner  dia- 
meter of  this  ring  was  nearly  an  inch  in  length,  and  its  outer  diameter 
nearly  an  inch  and  a  half. 

The  whole  cloud  composed  of  these  heterogeneous  parts  was  animated 
throughout  by  a  motion  of  rotation.  The  rapidity  of  the  rotation  could 
be  augmented  by  intensifying  the  beam.  The  disks,  funnels,  strata,  and 
convolutions  of  the  cloud  exhibited  at  times  diffraction  colours,  which 
changed  colour  with  every  motion  of  the  observer's  eye. 

Moisture  appeared  to  be  favourable  to  the  production  of  these  appear- 
ances ;  and  it  hence  becomes  a  question  how  far  they  wore  really  produced 
by  the  light  :  hydrobromic  acid,  even  from  its  solution,  fumes  when  it 
(nines  into  contact  with  the  aqueous  vapour  of  the  air ;  its  residence  in 
water  does  not  appear  to  satisfy  its  appetite  for  the  liquid.  The  same  effect, 
as  everybody  knows,  is  observed  in  the  solution  of  hydrochloric  acid. 
.Might  not,  then,  those  wonderfully-shaped  clouds  he  produced  by  an  action 
of  this  kind,  the  presence  of  the  light  being  an  unnecessary  accident? 

The  hydrobromic  acid  was  permitted  to  enter  the  experimental  tuba  and 
remain  in  diffuse  daylight  for  tine  minutes.  On  darkening  the  room  and 
sending  the  electric  beam  through  it,  the  tube  was  optically  empty.  Two 
minutes' action  of  the  light  caused  the  clouds  to  appear,  and  they  after- 
wards went  through  the  same   variety  of  changes  B8  before. 

No  matter  hew  long  the  hydrobromic  BCid  was  allowed  to  remain  ill  the 
tube,  no  action  OCCUITad   Until    the  luminous   beam  was    brought  into   play. 

The  tube  filled  with  the  mixture  of  air,  aqueous  vapour,  and  hydrobromic 

acid  was  permitted  lo  remain  for  fifteen  mioutes  in  the  dirk.       On  sending 
lie    learn  through  the  tube,  it  was  loiind  optically  empty  ;  but  two  minutes' 

acf  ion  of  the  light  developed  the  clouds  a>  bi  I 

Permitting  the  beam  to  past  through  a  layer  of  water  before  entering 
the  experimental  tube,  no  diminution  of  it-  chemical  ogei  i  rred. 

Permitting  it  to  pa>s  through  a  solution  of  hydrobromic  aotd,  <  t  the  same 
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thickness,  the  chemical  action  of  the  beam  was  wholly  destroyed.  This 
shows  that  the  vibrations  of  the  dissolved  acid  are  synchronous  with  those 
of  the  gaseous  acid,  and  is  a  new  proof  that  the  constituent  atoms  of  the 
molecule,  and  not  the  molecule  itself,  is  the  seat  of  the  absorption. 

Hydrochloric  Acid. — The  aqueous  solution  of  this  acid  was  employed 
and  treated  like  the  solution  of  hydrobromic  acid.  I  intend  to  invoke  the 
aid  of  an  artistic  friend  in  an  effort  to  reproduce  the  effects  observed  during 
the  decomposition,  if  such  it  be,  of  hydrochloric  acid  by  light.  But  artistic 
skill  must,  I  fear,  fail  to  convey  a  notion  of  them.  The  cloud  was  of  slow 
growth,  requiring  fifteen  or  twenty  minutes  for  its  full  development.  It 
was  then  divided  into  four  or  five  sections,  every  adjacent  two  of  which 
were  united  by  a  slender  axial  cord.  Each  of  these  sections  possessed  an 
exceedingly  complex  and  ornate  structure,  exhibiting  ribs,  spears,  funnels, 
leaves,  involved  scrolls,  and  iridescent  fleurs-de-lis.  Still  the  structure  of 
the  cloud  from  beginning  to  end  was  perfectly  symmetrical;  it  was  a 
cloud  of  revolution,  its  corresponding  points  being  at  equal  distances  from 
the  axis  of  the  beam.  There  are  many  points  of  resemhlance  between  the 
clouds  of  hydrochloric  and  hydrobromic  acid,  and  both  are  perfectly  dis- 
tinct from  anything  obtainable  from  the  substances  previously  mentioned  ; 
in  fact,  every  liquid  appears  to  have  its  own  special  cloud,  varying  only 
within  narrow  limits  from  a  normal  type.  The  formation  of  the  cloud 
depends  rather  upon  its  own  inherent  forces  than  upon  the  environment. 
It  is  true  that,  by  warming  or  chilling  the  experimental  tube  at  certain 
points,  extraordinary  flexures  and  whirlwinds  may  be  produced  ;  but  with 
a  perfectly  constant  condition  of  tube,  specific  differences  of  cloud-structure 
are  revealed,  the  peculiarity  of  each  substance  stamping  itself  apparently 
upon  the  precipitated  vapour  derived  from  its  decomposition. 

When  the  beam  before  entering  the  experimental  tube  was  sent  through 
a  layer  of  the  aqueous  acid,  thirteen  minutes'  exposure  produced  no  action. 
A  layer  of  water  being  substituted  fur  the  layer  of  acid,  one  minute's  ex- 
posure sufficed  to  set  up  the  decomposition. 

Hydriodic  Acid. — The  aqueous  solution  of  this  acid  was  also  employed. 
On  first  subjecting  it  to  the  action  of  light  no  visible  effect  was  produced; 
but  subsequent  trials  developed  a  very  extraordinary  one.  A  family  re- 
semblance pervades  the  nebula?  of  hydriodic,  hydrobromic,  and  hydrochloric 
acids.  In  all  three  cases,  for  example,  the  action  commenced  by  the  forma- 
tion of  two  small  clouds  united  by  a  cord  ;  it  was  very  slow,  and  the  growth 
of  the  cloud  in  density  and  beauty  very  gradual.  The  most  vivid  green 
end  crimson  that  I  have  yet  observed  were  exhibited  by  this  substance  in 
the  earlier  stages  of  the  action.  The  development  of  the  cloud  was  like 
that  of  an  organism,  from  a  more  or  less  formless  mass  at  the  commence- 
ment, to  a  structure  of  marvellous  complexity.  I  have  seen  nothing  so 
astonishing  as  the  effect  obtained,  on  the  28th  of  October,  with  hydriodic 
acid.  The  cloud  extended  for  about  18  inches  along  the  tube,  and  gradually 
shifted  its  position  from  the  end  nearest  the  lamp  to  the  most  distant  end. 
The  portion  quitted  by  the  cloud  proper  was  filled  by  an  amorphous  haze, 
the  decomposition  which  was  progressing  lower  down  being  here  apparently 
complete.  A  spectral  cone  turned  its  apex  towards  the  distant  end  of  the 
tube,  and  from  its  [circular  base  filmy  drapery  seemed  to  fall.  Placed  on 
the  base  of  the  cone  was  an  exquisite  vase,  from  the  interior  of  which 
sprung  another  vase  of  similar  shape ;  over  the  edges  of  these  vases  fell 
the  faintest  clouds,  resembling  spectral  sheets  of  liquid.  From  the  centre 
of  the  upper  vase  a  straight  cord  of  cloud  passed  for  some  distance  along 
the  axis  of  the  experimental  tube,  and  at  each  side  of  this  cord  two  involved 
and  highly  iridescent  vortices  were  generated.  The  frontal  portion  of  the 
cloud,  which  the  cord  penetrated,  assumed  in  succession  the  forms  of  roses, 
tulips,  and  sunflowers.  It  also  passed  through  the  appearance  of  a  series 
of  beautifully  shaped  bottles  placed  one  within  the  other.  Once  it  pre- 
sented the  shape  of  a  fish,  with  eyes,  gills,  and  feelers.  The  light  was 
suspended  for  several  minutes,  and  the  tube  and  its  cloud  permitted  to 
remain  undisturbed  in  darkness.  On  re-igniting  the  lamp,  the  cloud  was 
seen  apparantly  motionless  within  the  tube;  much  of  its  colour  had  gone, 
but  its  beauty  of  form  was  unimpaired.  Many  of  its  parts  were  calculated 
to  remind  one  of  Gassiot's  discharges ;  but  in  complexity,  and,  indeed,  in 
beauty,  the  discharges  would  not  bear  comparision  with  these  arrangements 
of  cloud.  A  friend  to  whom  I  showed  the  cloud  likened  it  to  one  of  those 
jelly-like  marine  organisms  which  a  film  barely  capable  of  reflecting  the 
light  renders  visible.  Indeed  no  other  comparison  is  so  suitable  ;  and  not 
only  did  the  perfect  symmetry  of  the  exterior  suggest  this  idea,  but  the 
exquisite  casing  and  folding  of  film  within  film  suggested  the  interniil 
economy  of  a  highly  complex  organism.  The  twoness  of  the  animal  form 
was  displayed  throughout,  and  no  coil,  disc,  or  speck  existed  on  one  side 
of  the  axis  of  the  tube  that  had  not  its  exact  counterpart  at  an  equal 
distance  on  the  other.  I  looked  in  wonder  at  this  extraordinary  production 
for  nearly  two  hours. 

The  precise  conditions  necessary  to  render  the  production  of  the  effects 
observed  with  dydrobromic,  hydrochloric,  and  hydriodic  acids  a  certainty 
have  not  yet  been  determined.  Air,  moreover,  is  the  only  vehicle  which 
has  been  employed  here.  I  hazard  no  opinion  as  to  the  chemical  nature  of 
these  reactions.     The  dry  r.cids,  moreover,  I  have  not  yet  examined. 


ON   THE   ECONOMY   OP    FUEL    CONSIDERED    IN   ITS 

RELATIONS  TO   STEAM   ENGINES. 

By  Francis  Campin,  C.E. 

No  sooner  were  the  tbermomotive  engines  applied  to  the  purposes  of 
commerce  than  the  attention  of  practical  engineers  and  scientific  men 
generally  was  directed  towards  determining  the  conditions  which  regulate 
the  economy  of  fuel. 

Commencing  with  the  construction  of  Newcomen's  atmosoheric  engine, 
we  find  that  from  that  period  down  to  the  time  of  Wicksteed  gradual  but 
steady  advances  hare  been  made  in  the  improvement  of  furnaces,  boilers, 
and  tbermomotive  engines  of  all  descriptions.  In  Smeaton's  time  the 
number  of  foot-pounds  of  duty  done  by  the  consumption  of  112  lbs.  of 
Newcastle  coal  was  raised  from  four  and  a  half  millions  to  nine  millions ; 
but  the  "  Wickstood"  pumping-engine  at  the  East  London  Waterworks,  at 
Old  Ford,  Bow^  attained  a  nett  duty  of  100  millions  of  foot-ponnds  per 
112  lbs.  of  Newcastle  coal  consumed  in  the  furnaces. 

Thus  we  find  that  some  of  the  highest  intellects  have  been  applied  to 
the  study  of  the  subject  on  which  we  are  now  treating,  and  superficially 
it  might  appear  that  but  little  remains  to  be  said.  However,  a  careful 
consideration  of  the  actual  economy  now  attained  will  show  that  such  is 
not  the  case,  as  we  shall  subsequently  indicate. 

Our  present  object  is  not  to  advance  any  new  theories  or  arguments,  nor 
even  to  support  peculiar  opinions,  but  rather  to  review  the  means  at  our 
disposal  for  ascertaining  tho  actual  economic  or  commercial  value  of  fuels 
submitted  for  trial,  and  especially  to  point  out  some  of  the  various  sources 
of  error  generally  present  at  experimental  trials. 

First,  we  will  make  a  few  observations  as  to  the  quality  of  fuels. 
Theoretically  the  evaporative  value  of  fuel  may  be  determined  from  a 
formula,  in  which  the  known  quantities  are  obtained  from  a  chemical 
analysis  of  the  fuel  under  consideration,  but  in  practice  the  results  obtained 
from  such  calculations  are  but  of  very  little  use,  so  much  depending  upon 
the  character  of  the  furnace  or  combustion  chamber  in  which  the  fuel  is 
consumed.  The  fact  that  peculiar  modifications  or  extensions  are  required 
in  special  cases  does,  in  great  measure,  account  for  the  comparatively  slight 
patronage  enjoyed  by  patent  fuels,  although  many  samples  have  been 
satisfactorily  proved  to  be  superior  in  many  respects  to  coal  or  coke.  Thus 
no  general  rule  can  be  laid  down  as  to  what  fuel  is  best,  because  in  practice 
we  are  surrounded  by  contingent  circumstances  which  undermine  the 
postulates  on  which  our  theories  are  based,  and  nullify  the  results  of  our 
most  careful  calculations.  Hence  every  case  with  which  we  have  to  deal 
becomes  special,  and  require?  consideration,  with  but  a  very  limited  regard 
for  the  results  of  other  apparently  similar  investigations,  and  with  especial 
observation  on  all  and  every  the  minutest  particulars  concerning  the  one 
machine,  the  efficiency  of  which  we  are  called  upon  to  ascertain. 

Let  us  suppose  that  we  desire  to  ascertain  the  efficiency  of  an  ordinary 
stationary  rotative  engine  and  that  of  its  boiler.  A  special  experiment 
should  be  first  made  to  determine  the  quality  of  the  fuel  proposed  to  be 
employed,  so  that  the  average  evaporation  in  pounds  of  water  per  pound 
of  fuel  may  be  known  ;  then,  if  we  do  not  obtain  such  evaporation  of  water 
in  the  boiler,  there  is  evidently  some  deficiency  either  in  the  arrangement 
of  the  furnace  or  that  of  the  heating  surface  in  the  boiler. 

A  perfect  furnace  should  admit  just  sufficient  air  to  effect  complete  com- 
bustion of  the  fuel,  but  not  excess  enough  to  cool  the  gases  and  cause  loss 
of  heat;  for  that  heat  absorbed  by  the  air  not  used  for  combustion,  and  by 
it  carried  away  at  the  uptake  or  chimney,  can  only  be  regarded  as  useless 
waste.  The  desiderata,  then,  to  satisfy  the  question  of  furnace  efficiency, 
are  these : — 

The  admission  of  just  sufficient  air  to  cause  perfect  combustion; 

Vivid  and  rapid  combustion  ; 

The  greatest  absorption  of  heat  from  the  igneous  gases. 

The  first  is  to  be  obtained  by  the  employment  of  suitable  dampers;  the 
second  will  result  as  a  matter  of  course  if  the  draught  be  sufficient,  and 
the  furnacce  properly  attended,  so  that  the  fuel  shall  not  become  caked 
together  in  excessively  large  masses.  The  third  point,  that  of  absorption 
of  heat,  depends  upon  the  arrangement  of  flue  tubes. 

Experiments  were  made  a  few  years  back  with  a  view  to  obtain  perfect 
combustion  with  a  minimum  quantity  of  air,  in  which  the  fuel  was  burnt 
under  pressure,  the  fire-box  was  fitted  with  a  loaded  outlet  valve,  and  the 
air  required  forced  into  the  furnace ;  under  these  conditions  very  satis- 
factory results  were  attained  by  the  patentees,  a  great  saving — viz.,  about 
30  to  40  per  cent. — of  fuel  said  to  be  effected.  There  were,  of  course,  some 
difficulties  to  be  eliminxted,  but  there  were  none  of  a  very  serious  cha- 
racter. The  patentees,  however,  have,  as  far  as  we  can  ascertain,  let  their 
invention  pass  into  disuetude,  but  not  on  account  of  any  disadvantages  per- 
taining to  it. 

It  seems  to  us  that  in  order  to  obtian  the  desiderata  mentioned  above, 
the  drought  should  be  produced  rather  by  the  ascending  tendency  of  a 
short  column  of  intensely  heated  gases,  issuing  from  the  furnace,  than 
from  the  buoyancy  of  a  lofty  column  of  less  highly  heated  air  in  the  shaft 
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or  chimney.  The  intensely  heated  air  would  produce  great  propelling  force 
on  the  gases  in  front  of  it  already  cooled  by  contact  with  the  absorbing  water 
surfaces,  and,  issuing  from  the  furnace  chamber,  would  yield  up  its  heat 
to  the  water  the  more  readily  in  proportion  to  the  greater  temperature 
imparted  to  it,  ultimately  contracting  as  it  cools;  thus,  with  a  judicious 
system  of  heating  surfaces,  vivid  combustion  migbt  be  obtained  with  a 
comparatively  slow  draught,  the  igneous  gases  passing  away  exhausted  of 
their  caloric. 

The  description  of  furnace  used  in  any  particular  case  will,  of  course, 
very  materially  influence  the  economy  of  the  fuel,  and  should  always  be 
designed  with  regard  to  the  nature  of  the  combustible  to  be  used,  some 
kinds  scarcely  burning  except  under  the  most  powerful  draughts,  and 
others  requiring  mild  or  diffused  currents  of  air  to  produce  the  most  satis- 
factory effects. 

The  most  effective  heating  surface  is,  of  course,  that  which  lies  in  a 
horizontal  position,  but  if  all  the  heating  surface  is  so  placed,  the  draught 
must  be  produced  by  a  high  chimney  or  by  a  blast  engine.  We  consider 
that  the  latter  is  preferable,  and  for  the  same  reasons  as  advanced  above  in 
reference  to  the  propulsion  of  draughts  by  a  short  column  of  highly  heated 
ga~  <  close  to  the  furnace. 

There  has  been  much  discussion  as  to  the  value  of  superheating  steam. 
We  may,  however,  here  observe  that  we  do  not  regard  the  system  favour- 
ably, but  incline  to  think  that,  with  boilers  of  a  more  perfect  design  tban 
those  ordinarily  used,  the  whole  of  the  available  heat  may  be  absorbed  with 
greater  advantage  by  the  water  than  by  the  steam ;  for  the  expansion  of 
dry  steam  due  to  the  excess  of  a  given  amount  of  heat  is  not  nearly  so 
gnat  iti  proportion  or  capable  of  producing  results  so  considerable  as  would 
ensue  from  the  evaporation  of  a  quantity  of  water  by  the  same  access  of 
heat.  This  point  may  be  determined  theoretically  with  ease;  but  so  long 
as  there  is  waste  heat  than  can  be  taken  up  in  superheaters,  although  not 
admitting  of  absorption  by  the  water,  it  is,  of  course,  advisable  to  use  such 
heat  by  the  only  means  at  our  disposal. 

All  these  considerations  apply  to  the  case  we  have  supposed  to  be  sub- 
mitted to  us  practically  only  so  far  as  alterations  may  be  applied  to  the 
steam  generator  or  its  appurtenances ;  hut  a  just  study  of  them  will 
enable  us  the  more  readily  to  appreciate  the  qualities  of  a  boiler  upon 
cursory  examination  ;  hence  they  may  be  regarded  as  worthy  of  attention. 

Hiving  determined  the  efficiency  of  the  boiler,  that  is  to  saj,  having 
ascertained  its  evaporation  of  water  per  lb.  of  fuel,  the  next  step  to  be 
taken  is  to  measure  the  amount  of  condensation  in  the  steam  pipes  and 
passages.  This  process  is  by  no  means  easy  of  execution,  and  it  requires 
very  careful  and  accurate  calculation,  giving  even  then  results  not  nearly  so 
reliable  practically  as  might  be  desired. 

The  amount  of  water  lost  by  condensation  will  be  equal  to  the  difference 
in  quantity  of  the  water  which  is  evaporated  and  disappears  from  the 
boiler  and  that  which  is  used  as  steam  in  the  engine.  It  is,  of  course,  as- 
1  that  there  is  no  leakage  in  the  boiler  or  in  any  of  the  attachments, 
and,  this  being  very  seldom  the  case,  we  cannot  be  sure  that  the  loss  found 
by  calculation  in  entirely  due  by  condensation  in  the  steam  pipes  and 
passages. 

The  amount  of  water  consumed  as  steam  in  the  cylinder  must  he 
calculated  from  indicator  cards,  which  afford  all  requisite  information, 
giving  the  point  of  cut-off  and  the  pressure  at  tint  point,  from  which 
data,  the  capacity  of  the  cylinder  being  known,  the  quantity  used  may 
be  calculated ;  this,  deducted  from  the  quantity  of  water  evaporated  from 
the  boiler,  gives  as  a  remainder  the  amount  of  the  losses  above  enume- 
rated. 

From  the  steam  used  in  the  cylinders  must  be  deducted  that  lost  in 
clearance,  to  leave  the  amount  actually  doing  work,  if  we  wish  to  be  very 
exact  in  determining  the  friction  of  the  engine,  which  is  done  in  the 
following  manner  : — By  means  of  a  dynamometer  of  ordinary  construction, 
the  actual  amount  of  work  given  off  the  main  shaft  of  the  engine  is 
determined,  and  this  deducted  from  the  amount  of  work  done  by  the 
steam  in  the  cylinder,  as  shown  by  the  indicator  diagram,  leaves  as  a 
remainder  the  amount  of  work  done  by  the  steam  in  the  cylinder,  as 
shown  by  the  indicator  diagram,  leaves  as  a  remainder  the  amount  ol 
work  absorbed  in  friction,  in  the  bearings,  pistons,  packings,  valve  faces, 
lly  pursuing  this  system  we  obtain,  not  only  the  efficiency  of  the 
entire  machine,  but  an  analysis  of  the  efficiency  of  each  part  ol  the 
line,  ami  of  the  various  losses  from  bad  draught,  condensation,  &c. 
A  such  '  system  ol  testing  efficiency  of  steam  machinery 
chiefly  consists  in  its  proving  a  guide  to  the  future  j  thus,  for  instance, 
if  we  have  two  -m.--  and  boilers  by  different  makers,  and  liml 

them  equal  iii  point  of  economy  of  fuel,  if  only  t lie  work  done  by  the 
engine  and  the  weight  of  fuel  consumed  in  the  boiler  has  in  each  case 
determined,  we  should,  if  requiring  a  third  set  of  engines  and 
boilers,  order  them  on  one  or  the  other  plan  indifferently ;  but  if  the  two 
Brat  cases  were  analysed,  as  above  indicated,  it  might  lie  found  that  in 
one  case  'iie  increased  economy  was  due  to  the  construction  of  the  boiler, 
in  the  other  to  that  of  the  engine.  This  ascertained,  of  course  in  the  case 
of  a  third  set  being  required,  the  designs  would  comprise  the  best  boiler 


adapted    to  the  best  engine,  when  the  result  would  he  a  still   further 
improvement  in  point  of  economy. 

In  determining  the  economy  of  fuel  in  Cornish  pumping  engines  there 
is  the  advantage,  as  far  as  calculation  goes,  that  the  work  of  the  engine 
consists  in  lifting  a  definite  weight  of  constant  value ;  but  it  must  be 
remembered  that  this  class  of  engine,  having  no  fly-wheel,  the  length  of 
stroke  varies,  and  may  not  be  the  same  for  two  consecutive  strokes. 
Hence  it  becomes  necessary  in  exact  experiments  to  register  to  scale  the 
length  of  every  stroke  during  such  experiments.  By  taking  such  pre- 
cautions we  have  found  that  the  calculated  friction  of  the  engine  is  in 
value  very  nearly  equal  to  the  quantity  found  by  experiment- 
It  is  difficult  at  the  present  time  to  make  much  out  of  the  reports  of 
trials  of  efficiency,  as  in  comparatively  few  cases  can  we  obtain  anything 
like  correct  or  complete  information  as  to  the  circumstances  under  which 
such  trials  are  made,  and  it  generally  occurs  that  all  experiments  give 
results  far  more  favourable  than  are  ever  obtained  in  ordinary  working ; 
and  this  is  not  difficult  to  account  for.  Thus,  while  an  experiment  is 
being  conducted,  the  fireman  and  engineer  are  tolerably  sure  to  be  more 
attentive  and  diligent  than  at  ordinary  times ;  to  this  alone  may  be 
attributed  very  considerable  improvements  in  working, 

In  proof  of  this  we  may  mention  a  circumstance  which  some  years  back 
came  under  our  consideration,  and  which  certainly  illustrates  in  a  very 
striking  manner  the  mistakes  into  which  inventors  fall. 

A  scheme  was  promoted  for  the  consumption  of  smoke  in  boiler  fnrnaces 
which  consisted  chiefly  in  forcing  air  into  the  fire  at  a  short  distance 
behind  the  firebridge.  As  the  experiment  was  of  a  temporary  nature,  a 
pair  of  smith's  bellows  was  fitted  to  force  the  air  into  the  flue  according  to 
the  specification  of  the  inventor.  A  saving  of  fuel  amounting  to  10  per 
cent,  was  effected :  but,  at  the  termination  of  the  experiment,  the  bellows 
were  found  to  be  burst  and  useless  ;  and  upon  inquiry  it  was  discovered 
that  they  had  been  in  that  condition  from  the  first,  the  forge  from  which 
they  were  taken  having  been  thrown  out  of  work  on  that  account. 

Scarcely  two  engineers  will  give  the  same  opinion  as  to  the  actual  value 
of  different  descriptions  of  fuel,  and  there  is  not  as  much  faith  put  in  the 
trials  of  fuels  by  committees  and  scientific  bodies  as  we  might  wish  them 
to  deserve.  Hence  we  are  left  very  much  in  the  dark,  and  we  have  to  fall 
back  upon  chemical  analysis,  which  we  have  already  observed  is  not  such 
a  reliable  test  for  practical  purposes  as  is  requisite ;  but  for  our  own 
purposes,  with  a  properly  designed  engine  and  boiler,  we  would  prefer 
good  coal  to  any  fuel  which  has  yet  come  under  our  notice. 
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The  usual  monthly  meeting  took  place  on  Saturday,  the,  5th  ulfc.  It 
was  very  numerously  attended,  and  the  chair  was  occupied  by  Mr.  J. 
Newton,  of  the  Royal  Mint,  president.  The  first  business  of  the  evening 
consisted  in  the  election,  as  honorary  members,  of  Messrs.  A.  McGillivray 
and  A.  Anderson,  and  this  was  fcllowed  by  a  discussion  as  to  the  time, 
place,  and  general  arrangements  for  celebrating  the  seventeenth  anniversary 
of  the  formation  of  the  institution.  F'inally  it  was  determined  that  this 
should  take  the  form  of  a  banquet,  to  be  conducted  on  a  scale  similar  to 
that  of  February  last,  and  which  had  given  great  satisfaction.  The  time 
named  for  the  celebration  was  the  middle  of  FVbruary  next.  Mr.  James 
Irvine,  of  Messrs.  Simpson's  Engine-works,  Pimlico,  then  proceeded  to  read 
a  paper  "  On  Rock  Boring  Machinery." 

After  some  general  remarks  as  to  the  desirability  of  having  an  unbroken 
succession  of  monthly  papers  for  the  ensuing  year,  the  author  addressed 
himself  to  his  subject.  He  described  the  various  appliances  which  had 
been  contrived  in  time  past  for  penetrating  rocks  by  mechanical  means,  and 
showed  u  hen  in  they  bad  generally  failed.  Iiy  this  course  .Mr.  Irvine  en- 
abled bis  audience  to  institute  comparisons,  and  comprehend  more  clearly 
his  explanation  of  a  rock-boring  engine,  now  at  work  in  Cornwall,  and 
which  was,  ho  said,  in  every  way  successful.  The  latter  was  known  as 
Doering's  patent.  It  is  scarcely  necessary  here  to  follow  the  author  of  the 
paper  in  his  preliminary  statements,  and  we  -hall  only,  therefore,  reproduce 
some  of  the  main  points  of  the  concluding  portion  of  the  paper  of  Saturday. 
"Mr.  Doering's  rock-boring  engine,"  said  Mr.  [rvine,  "consists  of  agun- 

tal  cylinder  bored  out  to  a  diameter  of  2jin.,  or  an  area  of  about  Gin., 

and  fitted  with  a  steel  piston.  It  is  worked  bj  ci  mpressed  air  at  a  pressure 
of  from  25  lb.  to  80  lb.  per  square  inch,  thus  80x6  ■>  180  lb.,  which  i-  the 
pressure  or  blow  administered  to  the  drill  at  everj  stroke  of  the  engine, 
the  speed  of  the  latter  being  .'100  strokes  per  minute.  The  piston  ami  rod 
are  forged  in  one  piece,  the  rod  being  hollow  and  pierced  with  a  number  ol 
holes,  at  proper  intervals,  and  for  a  purpose  to  he  explained  hereafter.  'I'" 
the  outer  end  of  the  purl  m  rod  the  boring  drill  i*  attached  and  fastened  bj 
an  ordinary  key.  with  a  moveable  nut,  which  permits  of  readjustments 
when  the  constant  hammering  loosens  the  drill.  The  packing  throughout 
the  engine  consists  of  metallic  rinirs,  which  answers  well,  and  minimise 
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friction.  The  piston  differs  but  slightly  from  that  well  known  as  Rains- 
bottom's,  and  is  worked  to  and  fro  by  compressed  air  admitted  to  the 
cylinder  by  aid  of  a  circular  slide  valve  of  peculiar  construction,  and  which 
is  a  model  of  simplicity.  The  valve  itself  gains  alternate  motion  by  the 
action  of  compressed  air.  (The  movement  was  made  clear  by  diagrams). 
In  the  centre  of  the  piston  rod  is  a  square  hole  into  which  is  fitted  a  Jin. 
steel  bar,  on  the  end  of  which  is  a  ratchet  wheel  with  twenty-four  teeth. 
When  the  main  piston  has  passed  a  certain  point  in  its  travel  the  air  rushes 
through  a  hole  from  the  large  into  the  small  cylinder  and  drives  its  piston 
forward.  This  acts  upon  the  pawl  and  ratchet,  and  causes  the  latter  to 
move  to  the  extent  of  one  tooth ;  the  effect  is  to  give  the  drill  a  partial 
turn  at  each  stroke  and  an  entire  revolution  at  the  end  of  twenty-four 
strokes.  The  air  from  the  small  cylinder  escapes  through  the  hollow  piston 
rod  into  the  atmosphere. 

The  method  of  "feeding"  the  drill  forward  into  the  rock  is  ingenious 
yet  simple,  and  accommodates  itself  self-actingly  to  the  hardness,  or  other- 
wise of  the  rock  to  be  bored.  [This  was  satisfactorily  demonstrated  by 
diagrams  supplied,  and  can  hardly  be  made  intelligible  without  them]. 
The  stand  for  supporting  the  apparatus  and  allowing  it  to  move  laterally 
or  vertically,  is  portable  and  easy  of  attachment  by  pressure  of  air  at  any 
spot,  on  the  principle  of  the  sucker,  or  the  pneumatie  hat  peg.  Ball  and 
socket  joints  on  the  arm  of  the  stand  allow  a  universal  movement  of  the 
apparatus  it  supports  ....  the  air  pumps  for  compressing  the  air  are 
three  in  number,  and  worked  by  a  three-throw  crank,  driven  by  a  small 
steam-engine.     The  pumps  are  immersed  in  water  to  keep  them  cool. 

Many  more  details  were  furnished  by  the  author  of  the  paper,  as  well  as 
particulars  of  the  work  effected  by  engines  of  the  kind  in  various  mines  of 
Cornwall,  but  it  is  not  possible  for  us  at  present  to  give  them  place.  The 
great  merits  of  the  contrivance  appears  to  us  to  be  its  adaptability  for  its 
purpose,  its  simplicity,  economy  of  action,  and  automatic  character. 

A  practical  discussion  followed  Mr.  Irvine's  paper,  and  this  was  shared 
in  by  Messrs.  Edmonds,  Keyte,  Dewar,  Walker,  Stokoe,  Gibbon,  Bunt,  the 
Chairman,  and  others.  The  sitting  terminated  with  a  vote  of  thanks  to  the 
author. 
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THE    ACCUMULATOR    COTTON    PRESS. 
By  Ewin  Mathsson. 

The  trade  in  cotton,  under  its  many  different  aspects,  forms  so  large  an  item 
in  the  commercial  activity  of  this  country,  and  is  so  largely  increasing,  that  every 
incident  and  process  in  production  and  manufacture  possesses  a  corresponding 
interest  for  all  concerned. 

Although  for  very  many  years  the  importation  of  cotton  and  its  manufacture 
into  fabrics  have  been  among  the  greatest  industries  of  Great  Britain,  it  is  only 
more  recently  that  the  production  of  the  raw  material  has  engaged  any  consider- 
able share  of  British  capital  and  enterprise.  The  immense  importance  now,  how- 
ever, of  the  cultivation  of  cotton  in  India  and  the  colonies,  and  through  them  to 
the  mother  country,  is,  of  course,  manifest  to  all.  The  growth  of  cotton  in  India, 
Egypt,  and  elsewhere  was  formerly  so  small  in  comparison  with  that  of  the 
Southern  States  of  America,  that  it  needed  the  artificial  stimulus  given  to  it  by 
the  American  war,  and  consequent  closing  of  the  cotton  ports,  to  produce  a 
commercial  success. 

This  success  has  survived  its  immediate  cause,  and  Indian,  Egyptian,  and 
colonial  cotton  now  take  a  permanent  place  in  the  British  market.  The  rapid 
increase  and  present  enormous  extent  of  this  trade  may  be  seen  from  the  fact 
that  in  the  first  six  months  of  the  year  1866,  119,000  tons  of  cotton  were  im- 
ported into  the  United  Kingdom  from  India,  and  30,476  tons  from  Egypt.  The 
shipment  from  India  for  1868  shows  an  apparent  decrease  ;  but  this  is  owine  to 
the  fact  that  a  great  quantity  of  cotton  that  was  formerly  sent  from  Bombay  to 
the  United  Kingdom  for  re-shipment  to  the  Continent  is  now  sent  direct  to 
France  and  elsewhere.  The  Indian  cotton  exports  are  really  increasing  annually. 
From  Egypt,  the  amount  exported  to  this  country  in  the  first  six  months  of  the 
present  year  wass  7,000  tons  more  than  in  1866,  and  the  present  crop  promises 
to  allow  a  still  further  increase. 

There  are  several  disadvantages  with  which  India  has  to  struggle.  Assuming 
that  the  first  cost  of  tillage  and  agricultural  labour  is  the  same,  there  than  re- 
mains the  immense  difference  between  India  and  America  in  distance  and  time 
of  transit  from  the  port  of  departure  to  the  port  of  arrival.  From  New  Orleans 
to  Liverpool  the  distance  is  6,000  miles,  and  twenty  days'  voyage  for  a  steamer. 
From  Bombay  to  Liverpool  (round  the  Cape)  the  distance  is  12,000  miles,  and 
takes  129  days.  Thus  in  the  race  India  is  heavily  handicapped.  The  carriage  of 
the  cotton  costs  more,  and  the  time  expended  in  the  voyage  from  India  to  Eng- 
land renders  unproductive  for  a  long  time  the  money  represented  by  the  cotton 
cotton  bales ;  and  four  months'  interest  is  of  no  small  consequence  in  these  days 
of  close  competition.  It  will  be  seen,  therefore,  that  the  cotton  producer  in  India 
must  study  every  item  of  expense,  and  that  every  detail  of  cost  and  incidental 
outlay  is  of  greater  importance  to  him  than  to  his  more  highly  favoured  rival  in 
the  United  States.  If  the  Suez  Canal  were  but  open,  the  voyage  by  the  Cape 
would  be  avoided ;  but  opinions  differ  as  to  the  ultimate  success  of  that  scheme, 
and  the  route  certainly  does  not  exist  at  present.  The  Isthmus  Railway  was  in- 
tended for  the  same  purpose,  but  the  cost  of  transhipment  and  land  carriage  is 
so  great  that  there  is  practically  little  advantage  in  bringing  cotton  that  way, 


and  till  lately  it  was  only  silk  and  other  expensive  goods  that  were  brought  over- 
land. Recently  a  considerable  amount  of  cotton  has  been  sant  across  the  Isthmus, 
but  until  better  arrangements  are  made  for  its  transport  by  the  Suez  Railway, 
only  an  inappreciable  quantity  of  cotton  will  come  by  that  route. 

It  will  be  seen,  therefore,  there  is  every  inducement  to  s&ve,  if  possible,  in  the 
cost  of  freight.  Now,  the  freight  payable  on  bales  of  cotton  is  calculated  by  the 
ton  of  measurement,  and  not  by  the  ton  of  weight ;  and  therefore  the  more 
cotton  that  can  be  compressed  into  a  bale  of  given  size  the  lower  the  rate  becoures 
per  lb.,  and  the  greater  becomes  the  amount  of  profit. 

The  foregoing  preface  shows  the  important  service  that  can  be  rendered  by 
powerful  baling  presses ;  and  while  this  is  especially  the  case  with  India  and 
Australia,  it  is  true  also  for  Egypt  and  other  less  distant  places,  where  the  ex- 
perses  or  irrigation  and  tillage  may  form  a  large  proportion  of  the  total  cost. 
Moreover,  it  is  desirable  that  no  time  should  be  lost  at  the  port  of  shipment,  but 
that  the  packing  process  should  be  performed  speedily. 

Considering  that  for  many  years  America  had  almost  the  monopoly  of  the 
cotton  supply,  it  might  be  expected  that  as  the  trade  grew  up  in  India  and  Egypt, 
all  the  designs  for  the  requisite  apparatus  could  be  at  once  copied  from  America. 
As  is  well  known,  invention  does  not  sleep  in  the  United  States,  and  it  might  be 
presumed  that  for  any  production  in  which  the  people  are  engaged,  the  best  ap- 
pliances would  soon  be  discovered  and  made  use  of  in  that  country.  It  is  not 
surprising,  therefore,  to  hear  that  for  all  the  details  of  pressing  cotton  a  great 
variety  of  plans  have  been  tried.  As  has  been  shown,  however,  there  is  no  such 
urgent  inducement  to  the  merchants  in  America  to  compress  so  much  cotton  into 
a  bale  for  the  short  voyage  to  England.  The  cotton  itself  also  differs  from  that 
produced  in  India.  It  is,  as  a  rule,  cleaner  and  more  elastic,  and  would  require 
much  more  power  to  compress  the  same  number  of  pounds  into  a  cubic  foot  than 
is  necessary  with  Indian  cotton. 

While  the  cottou  culture  in  India  was  in  its  infancy,  the  quantity  produced 
was  too  small  to  create  a  demand  for  any  special  apparatus.  Baling  machines 
were  sent  out  from  England,  but  they  were  of  a  very  primitive  kind.  Screw 
presses,  something  like  those  used  for  making  cheese,  were  contrived.  The  next 
step  was  to  work  the  vertical  screws  by  gearing  and  a  winch.  Then,  as  the 
cotton  trade  grew  in  importance,  there  was  devised  a  number  of  inventions  and 
contrivances,  some  by  engineers,  and  others  by  the  cotton  growers,  whose  in- 
genuity was  stimulated  by  necessity,  the  mother  of  all  invention.  Levers,  screws, 
and  wedges  were  tried  alone  and  in  combination.  The  use  of  hydraulic  pressure 
naturally  suggested  itself  for  trial,  but  it  was  not  very  successful ;  no  very  great 
power  was  obtained,  and  the  process  by  pumping  was  slow. 

Gradually  improvements  were  made  in  the  lever  presses,  and  these  were  gene- 
rally preferred.  Some  of  them  may  be  mentioned.  A  Mr.  McComb  took  great 
pains  to  make  a  good  baling  machine,  and  patented  several  of  his  improvements. 
His  cotton  was  forced  up  by  two  compound  levers,  drawn  together  by  a  chain 
worked  by  hand  or  steam  (see  Fig.  1). 

Mason's  press  (Fig.  3)  had  somewhat  the  same  principle  of  levers,  but  was 
worked  in  a  different  way.  A  horizontal  engine  drove  two  machines,  the  crank- 
shaft running  right  and  left  from  the  engine.  By  gearing,  a  shaft  parallel  to  the 
crank-shaft  was  driven  at  a  reduced  speed,  and  by  means  of  right  and  left  hand 
screws  on  these  shafts  two  powerful  levers  were'drawn  together  and  forced  up- 
wards against  the  follower  of  the  cotton  box.  Both  these  presses  are  still  in 
favour,  and  are  used  in  considerable  numbers ;  yet,  however  well  they  may  be 
made,  it  is  obvious  that  there  must  be  severe  strains  upon  the  points  through 
which  the  power  is  transmitted — strain,  it  must  be  remembered,  which  are  ex- 
cessively heavy  at  each  occurrence  of  the  final  pressure  to  a  bale.  There  are  in 
Bombay  companies  formed  specially  for  pressing  cotton,  and  the  leading  mer- 
chants also  have  pressing  factories  of  their  own,  and  the  different  kinds  of  presses 
are  held  to  be  best  by  their  respective  owners.  A  machine  known  as  Hodgart's 
cotton  press  embodies  a  very  ingenious  combination  of  hydraulic  and  lever 
powers.  Fig.  2  shows  the  method  by  which  the  pressure  is  put  upon  the  cotton 
by  the  force  of  the  hydraulic  ram  on  the  levers.  The  process  by  pumping  being 
in  ordinary  presses  slow,  it  was  here  endeavoured  to  reduce  the  quantity  of  water 
necessary  to  be  pumped  by  having  a  ram  of  small  area,  and  by  multiplying  the 
power  so  gained  by  the  levers.  This  press,  at  its  usual  rate  of  speed,  will  pack 
ten  bales  per  hour,  and  it  is  possible  to  do  fourteen ;  but  this  is  too  severe  labour 
for  the  men.  At  the  time  of  the  Abyssian  expedition  hay  was  packed  for  the 
troops  at  the  rate  of  fifteen  bales  per  hour ;  but  this  was  an  exceptional  and  ex- 
traordinary speed  that  could  not  well  be  repeated.  It  is  considered,  in  Bombay, 
good  work  to  pack  eight  to  ten  bales  per  hour  with  the  presses  generally  used. 
All  the  machines  that  have  been  here  described  are  compound  in  their  action, 
and  are  subject  to  severe  and  varying  strains.  The  Bombay  Press  Company  uses 
Nasmyth's  press,  which  is  one  of  the  best  that  has  yet  been  invented. 

No  diagram  is  necessary  to  show  its  action,  which  is  extremely  simple.  The 
pressure  is  effected  by  three  hydraulic  rams  placed  side  by  side.  At  the  beginning 
of  the  stroke,  while  the  cotton  is  in  a  pliable  state,  the  power  is  applied  by  one 
cylinder  only.  Towards  the  end  of  the  stroke  the  other  two  rams  are  also  set  in 
motion,  the  two  oylinders  having  been  previously  filled  with  water,  so  as  to  save 
time  in  pumping  when  the  power  is  supplied  to  them. 

Mr.  George  Ashcroft,  having  given  this  subject  much  attention,  invented  and 
patented  a  machine  in  which  he  obtained  the  power  of  hydraulic  pressure  com- 
bined with  rapidity.  The  first  and  easy  pressure  on  the  cotton  was  rapidly 
effected  by  a  steam  piston,  only  the  final  and  severe  pressure  being  given  by  a 
hydraulic  ram.  This  press  worked  satisfactorily,  and  would  probably  have  been 
pushed  to  success  by  the  inventor,  had  he  not  thought  of  something  better.  If 
the  first  evolving  of  a  simple  but  important  mechanical  principle  be  a  great 
thing,  the  extension  of  it  to  processes  in  which  it  has  not  been  adopted  before  is 
of  almost  equal  practical  importance.  Mr.  Ashcroft  determined  to  apply  the  ac- 
cumulator to  a  cotton  press,  and  has  most  successfully  done  so. 

Before  describing  this  machine,  the  writer  would  remark  that  he  had  very 
much  wished  to  obtain  accurate  information  of  the  machines  used  in  America, 
and  felt  that  no  discussion  would  be  complete  that  ignored  the  practice  of  the 
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greatest  cotton-growing  country  in  the  world.  He  had  failed  in  procuring  draw- 
ings from  the  United  States,  but  has  had  a  long  letter  from  an  engineer  in  New 
York,  who  has  given  this  subject  his  special  attention  for  many  years,  and  who 
sends  home  some  very  interesting  particulars.  As  might  be  expected,  there  are 
in  America  a  vast  number  of  inventions  for  all  processes  connected  with  cotton. 
In  the  various  cotton  states  there  are  differences  of  custom  as  to  the  size  of  the 
bales,  and  so  in  Texas,  North  and  South  Carolina,  Georgia,  and  Florida,  there 
are  different  kinds  of  baling  machines  used.  Levers  and  screws,  hydraulic  and 
screw  presses,  have  been  combined  in  many  different  ways,  and  with  varying 
success.  Wood  is  more  used  in  America  than  in  England  in  the  construction  of 
machines,  and  machines  so  made  would  probably  not  find  favour  elsewhere. 
Very  likely  English '  machines  would  be  condemned  there.  As  one  of  the  inci- 
dents arising  out  of  the  war,  when  the  Southern  ports  were  shut  out  from  the 
rest  of  the  States,  the  blockade  runners  took  over  English  made  presses,  and, 
among  others,  some  of  McComb's,  but  they  found  no  purchasers.  Every  other 
detail  of  cotton  packing  is  studied  by  inventors  in  the  States,  and  the  corres- 
pondent before  referred  to  says  that  there  are  some  fifty  different  patents  even 
for  modes  of  fastening  the  baling  hoops.  In  the  London  Patent  Office  the  writer 
has  seen  more  than  a  dozen  specifications  on  the  same  subject.  Is  would  be  in- 
teresting; f  the  printing  of  the  present  paper  were  to  result  in  the  supplying 
definite  information  from  America  on  the  whole  subject. 

The  Accumulator  Cotton  Press  is  the  invention  of  Mr.  George  Ashcroft,  who 
designed  the  machine  to  fulfil  the  two  main  requisites  of  great  power  and  of 
speed.  While  in  theory  there  is  no  limit  to  the  force  that  can  be  exerted  by 
hydraulic  pressure,  in  practice  the  difficulties  commence  at  a  certain  point.  So 
far  as  these  machines  have  been  used  hitherto,  a  maximum  pressure  of  two  tons 
to  the  square  inch  has  been  employed ;  but  even  with  this  enormous  pressure,  it 
is  necessary  to  have  a  considerable  area  of  ram  to  obtain  the  required  total,  and 
to  get  this  with  one  cylinder  involves  practical  difficulties,  well  known  to  engi- 
neers. It  at  all  times  requires  great  care  and  skill"  to  cast  cylinders  capable  of 
taking  high  hydraulic  pressure,  and  the  risk  increases  very  rapidly  with  the 
diameter  with  the  cylinder.  While  with  a  small  diameter,  a  moderate  thickness 
of  metal  will  successfully  endure  enormous  pressure,  cylinders  of  large  diameter 
must  be  made  of  great  strength  to  resist  fracture.  But  as  beyond  a  certain 
thickness  cast-iron  becomes  spongy  and  porous,  such  casting  would  be  liable  to 
unsoundness  and  the  water  would  ooze  through  to  the  surface.  Moreover  the 
castings  would  be  inconveniently  heavy  and  difficult  to  transport.  In  the  pre- 
sent invention  the  required  area  is  obtained  by  placing  three  cylinders  with  8in. 
rams  side  by  side,  and  these  giving  a  total  area  of  150in.,  a  force  of  300  tons  is 
produced  by  the  pressure  before  named.  If  necessary  this  pressure  could  be  in- 
creased, as,  in  fact,  a  much  higher  degree  had  been  obtained  with  hydraulic 

The  box  in  which  the  cotton  is  pressed  is  in  plan  of  the  dimensions  usual  for 
a  marketable  bale,  and  in  height  sufficient  to  hold  enough  loose  cotton  to  give  a 
bale  of  the  required  thickness  when  pressed.  The  box  is  made  entirely  of 
wrought  iron,  strongly  framed,  and  the  upper  part  of  it,  where  the  ultimate 
pressure  is  received,  is  of  considerable  thickness.  This  part  of  the  box  is  planed 
all  over,  so  as  to  present  a  true  and  smooth  surface  to  the  cotton.  The  doors  are 
made  so  that  three  of  the  four  sides  can  open.  One  of  the  special  points  in  this 
invention,  for  which  a  separate  patent  has  been  secured,  is  seen  in  the  revolving 
,  the  advantages  of  which  will  be  apparent  when  the  operation  of  the 
machine  is  described.  The  "accumulator"  is  of  the  well-known  simple  kind, 
consisting  of  a  cylinder  and  ram,  the  latter  supporting  a  box  which,  as  the  ram 
ascends  and  descends,  moves  up  and  down  in  guides.  This  box  can  be  made 
either  cf  wood  or  iron,  and  can  be  filled  with  any  heavy  substance,  such  as  stone, 
iron,  or  gravel. 

There  are  a  set  of  three  hydraulic  pumps  of  equal  size,  driven  by  a  pair  of 
horizontal  engines.  From  these  pumps  there  are  communicating  pipes  to  the 
accumulator  and  press  rams,  and  to  the  small  differential  cylinder. 

The  mode  of  working  is  as  follows : — The  house  consists  of  a  ground  floor  and 
two  floors  above.  Upon  the  ground  floor  are  fixed  the  steam-engine,  the  pumps, 
and  the  press  and  accumulator  cylinder ;  but  the  latter  might,  if  necessary  or 
convenient,  be  placed  a  hundred  yards  away.  The  framework  of  the  press  reaches 
through  the  floor  to  the  top  of  the  chamber  above.  In  the  uppermost  ehamber 
the  loose  cotton  is  stored,  and  when  the  baling  takes  place  at  the  port  of  ship- 
ment the  ginned  cotton  generally  arrives  in  loosely  packed  bales.  On  the  centre 
floor  are  the  handles  for  working  the  valves,  and  here  is  posted  the  engineer  who 
has  control  of  the  machine. 

Daring  the  whole  time  of  pressing  and  baling  the  cotton  the  engines  and 
pumps  arc  at  work.  The  dead  load  in  the  accumulator  box  is  forced  up  with  a 
pressure  on  the  ram  of  less  than  one  ton  to  the  inch,  the  exact  weight  in  the 
leterarining  the  precise  degree  of  pressure  which  has  to  be  exerted  upon 
the  ram.  This  accumulated  power  having  been  obtained,  the  apparatus  is  ready 
for  work. 

Tlic  men  upon  the  top  floor  bavin.'  placed  the  bagging  in  the  box,  and  filled  it 
witli  loose  cotton,  which  they  trample  down,  the  men  below  push  the  revolving 

nd,  80  that  the  cotton-tilled   box   is  over  the   rams.      The  boxes  revolve 
upon  the  strong  vertical  column,  the  weight  being  taken  on  balls,  which   rest 

rve  being  turned  and  bored  to  lit. 
A  portion  ol  the  Hour  revolves  with  the  boxes:    The  hooping  irons  having 
pi  iced  in  recesses  at  the  top  of  t lie  pre,*,  the  engineer  opens  the  valve  which 
admits  the  high  pressure  water  to  the  rams.    At  once  the  accumulator  box 

ids,  and  the  three  rains  ot  the  pre-.,  ascend,  forcing  the  loo  of  the 

box  upon  the  cotton.  Hut  as  the  accumulator  DOS  'I.  eends,  the  pumps  being 
still  at  work,  in  some  measure  restore  the  height  of  the  water  column,  and  the 
accumulator  ram   gently  ascends  ami  descends  as  the  water  is   thus  Wlthdl 

and  restored.    When  the  cotton  isoomprossed  upwards  as  tightly 

can  force  it,  the  engineer  shuts  the  valve  which  admits  tl 

cumulator  and  the  pumps,  and  opens  one  which  admit-,  the  water  from  tie 

differential  cylinder.    By  means  of  rams  of  different  diameters  the  pressure  given 


by  the  pumps  is  in  this  cylinder  multiplied.  The  superior  power  thus  pro- 
duced forces  up  the  three  rams,  and  with  them  the  cotton,  the  last  few  inches 
of  the  stroke  to  the  ultimate  point  desired.  One  of  the  doors  of  the  box  is  then 
opened,  the  hoops  are  fastened,  and  then  the  other  doors  being  opened,  the  water 
in  the  cylinder  is  let  to  waste,  and  the  rams  descend.  The  elastic  cotton  at 
once  expands  into  the  small  distance  allowed  by  the  hoops,  and  with  but  slight 
assistance  from  the  workman  the  bale  tumbles  from  the  box  and  falls  down  a 
shoot  to  the  floor  below.  Meanwhile  the  other  box  having  been  filled  with 
cotton,  it  is  pushed  round  into  its  place  over  the  rams,  and  is  in  its  turn  sub- 
jected to  the  pressure  of  the  water,  and  so  the  process  is  repeated  without 
intermission. 

The  merits  claimed  by  the  inventor  for  his  machine  are  as  follows : — It  being 
acknowledged  that  of  all  mechanical  appliances  hydraulic  pressure  exerts  the 
greatest  force,  full  advantage  is  taken  of  the  fact  by  having  a  large  area  of  rams 
and  a  high  pressure.  More  than  30  lb.  of  cotton  per  cubic  coot  can  be  com- 
pressed and  held  within  the  hoops  for  shipment,  and  as  after  pressing,  the  elastic 
cotton  expands,  and  slightly  stretches  the  hoops,  a  larger  quantity  than  30  lb. 
has  to  be  squeezed  at  the  final  moment  of  pressing  to  obtain  the  above  result. 
The  simplicity  and  smoothness  of  the  process  obviates  the  excessive  wear  and 
tear  which  is  unavoidable  in  machines  where  the  pressure  is  obtained  by  levers 
or  screws.  The  friction  on  the  packing  leathers  is  extremely  small.  Great  un- 
certainty existed  until  recently  on  this  point,  aud  all  makers  of  hydraulic  presses 
differed  from  each  other  on  the  subject.  Professor  Rankine  gave  10  per  cent, 
of  the  total  load  as  the  amount  wasted  by  the  friction  of  the  leathers,  but  the 
whole  question  has  been  most  successfully  investigated  by  Mr.  Hick,  of  Bolton, 
who  by  his  experiments,  which  are  recorded  in  his  admirable  little  treatise  pub- 
lished last  year,  proves  that  the  friction  of  the  leathers  on  an  8  in.  ram  is  about 
l-200th  part  of  the  total  load,  the  decimal  varying  from  "003  to  -005  according 
as  the  leathers  are  more  or  less  worn,  and  well  or  sparingly  lubricated. 

Speediness  of  Action. — The  principal  of  the  accumulator  is  well  known,  and 
for  working  cranes,  opening  dock  gates,  and  man)'  other  purposes,  has  been  in 
operation  some  time.  It  is  probable  that  sooner  or  later  some  one  would  have 
supplied  it  to  cotton  baling  presses,  but  at  any  rate  Mr.  Ashcroft  has  done  it, 
and  he  only.  Instead  of  the  power,  whether  it  be  that  of  steam,  water,  men,  or 
cattle,  having  to  be  applied  as  is  necessary  in  other  presses,  with  concentrated 
energy  during  the  short  time  of  the  actual  compression  of  the  cotton,  in  the 
present  case  during  the  whole  time  of  filling  the  boxes,  changing  them,  and 
hooping  the  bales,  the  pumps  are  quietly  at  work  forcing  up  the  accumulator 
box,  which  at  the  proper  moment  gives  forth  all  its  power  and  does  all  that  is 
required  in  a  few  seconds.  The  revolving  boxes  are  an  ingenious  part  of  the 
machine,  aud  by  their  arrangement  obviously  save  much  time.  Twenty-five  or 
more  bales  can  be  packed  and  hooped  per  hour. 

Endurance. — The  power  being  direct  acting,  there  are  few  parts  that  are  liable 
to  need  repair,  and  the  occasional  renewal  of  the  packing-leathers  entails  but  a 
small  expense. 

In  Alexandria  the  accumulator  press  is  in  full  operation,  and  at  Bombay  also 
it  is  exciting  much  interest  among  the  cotton  merchants,  some  of  whom  are  now 
in  treaty  with  a  view  to  its  adoption  there. 

In  conclusion,  the  writer  would  remark  that  the  importance  of  the  cotton 
trade  having  been  the  cause  of  so  many  attempts  to  make  good  presses,  the  same 
cause  is  no  less  a  stimulus  now.  The  cotton  trade  is  increasing  so  rapidly  in 
India,  Eg3'pt,  and  elsewhere,  that  the  best  machines  will  undoubtedly  have  to 
be  be  adopted  by  all  those  who  wish  to  keep  pace  with  the  age.  The  railways 
that  are  being  opened  remove  one  great  hindrance  to  the  cotton  grower.  Hitherto, 
the  cotton  has  been  packed  loosely  in  the  growing  districts  by  the  natives,  and 
has  had  to  be  repacked  at  the  port,  the  merchant  not  daring  to  send  to  England 
bales  that  might  be  tilled  with  dirty  cotton,  or  with  stones  to  increase  the 
weight.  The  inland  carriage  of  the  cotton  is  very  expensive,  and  like  the 
freight  by  ship,  is  calculated  by  the  bulk  occupied  by  the  cotton.  It  has  been 
almost  impossible  to  take  up  country  the  heavy  machinery  necessary  for  press- 
ing bales  in  a  marketable  condition,  but  as  the  railway  system  is  developed,  it 
is  probable  that  in  the  centre  of  the  growing  districts  proper  presses  will  be 
established.  Mr.  Ashcroft  is  now  giving  his  attention  to  a  village  press,  the 
particulars  of  which  he  may  possibly  send  home  to  the  society. 


ON   THE  APPLICATION    OF  STEAM  TO    THE   CULTIVATION    OF 
THE  SOIL. 

By  Baldwin  Latham. 

Introduction. 
Man,  when  leaving  tho  haunts  of  savage  life,  and  advancing  toward  the  goal 
of  civilisation,  is  seen  cultivating  the  soil  with  the  rudest  implements  and  by 
the  power  ot  his  own  exertions  ;  but,  as  he  advances  onward  in  the  race  of 
civilisation,  he  presses  into  his  service  the  inferior  animals  to  relieve  him  from 
the  drudgery  of  his  situation  and  to  perfect  his  work  ;  as  he  further  advances 
the  higher  animals  are  rendered  subservient  to  his  will  and  employed  to  aid  and 
assist  him  in  his  undertakings.  Now,  just  as  we  see  in  the  dawn  of  civilisation 
the  savage  depending  on  his  own  labour  for  the  cultivation  of  the  soil,  ami,  as 
tlieli-ht  of  Knowledge  has  shone  upon  him  and  ripened  his  faculties,  so  do  wo 
see  the  forces  that  ho  originally  applied  to  the  soil,  increased  :  ami  it  may  fairly 
be  presumed,  from  past  experience,  that,  as  knowledge  is  still  mire  perfeoted. 
the  aids  to  cultivation  will  be  still  more  increased,  and  ere  long  the  all-powerful 

.  ol   steam   will  be    universally  taken  into  the   scrvico   Ot  the  agriculturist 
and  applied    tO  the   Cultivation  of  the    soil,   when    it  will  be    found   as  useful  and 

sable  in  this  oapaoity  as  it  has  been  already  found  in  preparing  the  orops 
for  the  d  i  of  both  man  and   beast.    Considerable  progress  has  Been  made 

within   the    last   lew  years  in    the  means  and  appliances  whereby  the  giant  | 

of  steam  has  been  successfully  applied  to  tho  cultivutiou  of  the  soil;   but  the 
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number  of  machines  at  present  in  operation,  compared  with  the  very  large 
number  of  agriculturists,  is  comparatively  small.  Now,  it  must  be  evident  to 
the  attentive  observer  that  the  increase  of  our  population,  the  competition  of 
free  trade,  and  the  gradual  rise  in  the  wages  of  the  country,  must  lead  the 
agriculturist  to  adopt  such  measures  as  will  enable  him  to  keep  pace  with  the 
times  ;  and  he  will  therefore  have  to  adopt  the  all-powerful  agency  of  steam  in 
order  to  get  the  greatest  results  with  the  utmost  certainty  and  at  the  least 
cost.  We  are  told  by  chemists  that  fields  of  untold  agricultural  wealth  lie  in 
the  hitherto  almost  unmanageable  clay  soil  of  our  country.  In  steam  we  have 
the  magic  wand  that  will  convert  the  hidden  treasures  of  our  clay  fields  into 
food  for  the  people.  The  day  is  not  far  distant  when  steam  will  be  universally 
employed,  for  political  economists  inform  us  that  "  the  machinery  of  a  country 
will  naturally  correspond  with  its  wants  and  the  history  and  the  state  of  its 
people;"  and  never  was  greater  want  felt  than  at  the  present  time  for  the 
improvement  of  the  agricultural  interests  of  the  country ;  and  as  landlords  and 
farmers  get  more  enlightened,  steam  will  be  more  and  more  employed,  until  its 
adoption  will  become  universal. 

A  lesson  may  be  learnt  by  the  agriculturist  from  the  rapid  development  of 
manufactures  of  our  country  by  reason  of  the  impulse  given  to  them  by  steam, 
which,  when  learnt,  will  lead  him  to  substitute,  for  the  present  tedious  process 
of  cultivation  by  the  aid  of  flesh  and  blood,  the  iron  sinews  of  the  never-tiring 
steam  engine.  There  are  obstacles  existing  at  the  present  time  that  interfere 
materially  with  the  development  of  steam  for  the  cultivation  of  the  soil,  but 
which,  sooner  or  later,  must  be  removed ;  for  we  see  that,  unless  agriculture 
can  be  stimulated  and  assisted,  ultimately  the  result  of  the  abstraction  of  labour 
from  the  soil,  which  is  rapidly  on  the  increase  (the  labour  being  diverted  into 
channels  mose  profitable  to  the  labourer),  the  result  to  the  agricultural  interests 
of  the  country  must  be  disastrous.  The  introduction  of  steam  to  the  cultivation 
of  the  soil  will  tend  to  stop  the  diversion  of  labour  from  the  land,  and  also  to 
educate  and  elevate  the  social  position  of  the  labourer. 

We  have  the  recorded  testimony  of  some  hundreds  of  the  most  advanced  and 
enterprising  farmers  of  our  country,  all  testifying  to  the  great  advantage  of 
using  steam  power  for  the  cultivation  of  the  soil ;  and  the  results  already 
obtained  are  conclusive  evidence  to  warrant  the  agriculturist  in  adopting  steam 
cultivation  with  manifest  economy  and  advantage. 

Advantages  of  Steam  Culture. 
The  most  valuable  period  of  the  year  to  the  farmer  for  the  cultivation  of  the 
soil  is  the  six  weeks  in  September  and  October,  and  all  the  autumn,  cultivation, 
to  he  executed  to  the  greatest  advantage,  should,  as  a  rule,  be  performed  in  this 
limited  space  of  time.  Now,  it  is  found  by  long  experience,  and  especially  in 
bad  seasons,  that  it  is  impossible,  with  horse  labour,  for  all  the  land  to  be 
cultivated  in  the  proper  seasons  ;  and,  even  if  the  number  of  horses  kept  by 
the  farmer  is  sufficient  to  perform  the  work  at  the  proper  time,  the  gain  is 
purchased  at  the  expense  of  keeping  a  larger  number  of  horses  throughout  the 
year  than  on  the  average  will  be  found  requisite  and  remunerative.  Therefore 
we  find,  as  a  rule,  that,  in  order  to  keep  down  the  expenses  of  the  farm,  a  very 
large  quantity  of  land  is  tilled  out  of  the  proper  season.  But  this  is  not  the 
only  drawback  to  horse  labour,  for  it  is  well  known  and  admitted  by  the  in- 
telligent agriculturist  that  the  fertility  of  the  soil,  in  a  great  measure,  depends 
upon  its  mechanical  condition,  and  on  the  perfect  comminution  to  which  the 
staple  is  reduced.  Now,  whenever  horses  are  employed  to  plough  a  field,  that 
field  is  trodden  in  parallel  lines — sometimes  by  as  many  as  six  horses  ;  and  as 
each  horse,  when  drawing,  will  probably  exercise  a  direct  pressure  of  one  ton, 
and  as  such  treading  takes  place  in  the  fresh  ploughed  furrow,  it  naturally 
follows  that  the  subsoil  of  a  field  of  moderately  stiff  soil,  when  the  field  is 
ploughed  by  horses,  is  completely  puddled ;  and  the  freshcut  furrow  slice  is 
turned  upon  the  puddled  and  obdurate  subsoil,  rendered  so  by  repeated  surface 
ploughing  and  the  ramming  and  consolidation  due  to  the  mechanical  action  of 
the  feet  of  horses.  The  enormous  extent  to  which  this  ramming  takes  place 
may  be  ascertained  from  the  fact  that  it  is  calculated  that,  with  a  team  of  four 
horses,  and  a  12in.  furrrow,  upwards  of  300,000  footprints  are  made  on  every 
acre  ploughed.  Nor  is  the  ploughing  the  end  of  the  evil,  for,  by  every 
subsequent  operation  of  harrowing,  drilling,  or  other  mode  of  treatment,  the 
thin  film  of  earth  turned  by  the  plough  is  injured  by  being  again  trodden  down 
by  the  feet  of  horses.  This  puddling  of  the  subsoil,  interfering  as  it  does  with 
the  drainage,  and  preventing  the  due  admission  of  the  atmosphere,  renders  the 
soil  cold  and  unfruitful ;  and  the  repeated  treading  of  the  surface  not  unfrequently 
effectually  replants  any  weeds  that  may  have  been  turned  beneath  the  furrow 
slice,  thus  showing  how  far  from  perfection  is  the  present  system  of  horse 
cultivation  as  generally  adopted  by  the  farmer.  The  application  of  horse  power, 
so  far  as  the  power  is  concerned,  has  been  shown  to  be  prejudicial  to  the  per- 
fect cultivation  of  the  soil;  but  it  may  also  be  shown  that  in  ploughing  with 
horses  the  implements  used  more  or  less  tend  to  add  injury  to  the  injury  created 
by  horse  labour ;  for  we  find  that  nearly  the  whole  weight  of  the  ordinary 
plough  sets  on  the  subsoil,  and  produces,  when  at  work,  a  hard  glaze,  that 
renders  the  subsoil  still  more  impervious. 

How  different  are  the  results  when  steam  is  adopted,  and  the  modern  imple- 
ments as  used  in  steam  cultivation !  We  find  the  implements  are  balanced,  so 
that  the  weight  rests  on  wheels,  and  as  these  wheels  progress  over  the  soil  they 
are  followed  by  a  grubbing  tine  which  effectually  erases  the  impression  made  by 
the  implement. 

That  it  is  an  absolute  necessity  that  the  farmer  should  perform  his  work  at 
the  proper  season,  will  be  better  understood  when  it  is  considered  that  he  has  to 
carry  on  his  labour  in  conjunction  with  the  ordinary  working  of  nature.  It  is 
the  farmer's  province  to  prepare  for  nature,  for  to  atmospheric  influences  the 
fertility  of  the  soil  is  in  a  great  measure  due,  and  unless  the  farmer  can  prepare 
in  time,  the  great  advantage  derivable  from  atmospheric  agencies  will  be  lost. 
The  crude  processes  in  agriculture  are  performed  by  the  farmer,  but  it  is  nature 
that  perfects  the  work.    Time  and  opportunity   are  everything  to  a  farmer, 


especially  in  a  climate  so  uncertain  as  ours  ;  and  the  possession  of  a  machine 
that  abridges  the  time  and  space  by  its  own  great  power  aud  untiring  energy 
will  often  make  all  the  difference  to  a  farmer  between  success  and  failure,  cer- 
tainty and  uncertainty.  By  the  power  of  steam  the  farmer  is  able  to  break  up 
the  impervious  pan  that  has  beeu  formed  in  the  course  of  years  by  horse  culture ; 
he  has  also  the  power  of  tilling  his  land  to  a  greater  depth,  the  benefit  of  which 
connot  be  overlooked ;  for  by  this  deep  tillage  the  staple  is  increased,  which 
is  equivalent  to  an  increased  surface  area,  because  the  productive  capacity  of 
the  soil  is  increased. 

Where  steam  power  is  applied  to  the  cultivation  of  the  soil,  owing  to  the 
great  power  that  is  brought  to  bear  on  a  limited  surface,  the  tilth  is  reduced 
to  a  perfect  mechanical  condition ;  and,  in  consequence  of  the  total  absence  of 
those  destructive  agencies  that  are  actively  at  work  where  the  soil  is  cultivated 
by  horse  power,  the  soil  and  subsoil  retain  there  porosity,  thus  enabling  the 
atmospheric  agencies  to  exercise  their  full  and  unobstructed  power  upon  the 
staple  of  the  soil.  Mr.  Moscrop,  in  his  Essay  on  Steam  Cultivation,  for  which 
the  Royal  Agricultural  Society  awarded  him  their  prize,  says  that  with  steam 
cultivation  "  a  deeper  staple,  a  better  tilth,  more  perfect  comminution  of  the 
soil  is  obtained  than  could  possibly  be  got  by  the  use  of  horses  :  but  on  strong 
soils,  as  surely  as  cultivation  by  steam  is  more  economical  than  horses — as  surely 
as  its  use  increases  porosity  and  promotes  percolation — as  surely  as  it  better 
comminutes  and  deepens  at  will  the  staple  of  the  soil — so  surely  does  the  final 
result  tend  to  the  production  of  better  crops,  and  consequently  to  greater 
profit."  It  is  a  well-established  fact  that  steam  cultivation  greatly  facilitates 
the  work  of  drainage,  and  that  on  farms  where,  before  the  steam  plough  was 
introduced,  the  rainfall  used  to  drain  off  the  surface  in  such  a  way  as  to 
create  injury  to  the  fields,  or  destroy  the  neighbouring  roads  by  washing  away 
the  surface  material,  since  the  introduction  of  steam  no  water  drains  off  the 
surface — it  all  enters  the  land  and  percolates  through  it,  thus  materially,  by  its 
solvent  properties,  adding  to  the  fertility  of  the  soil.  It  is  also  a  well-established 
fact  that  land  left,  after  being  worked,  in  the  state  of  porosity  in  which  steam 
cultivation  leaves  it,  is  better  in  a  sanitary  point  of  view  when  stock  come  to 
take  up  their  quarters  on  it ;  for  it  is  drier  and  warmer,  and  therefore  conducive 
to  their  health.  The  influence  of  long-continued  severe  weather  and  sudden 
atmospheric  changes  less  injuriously  effect  crops  grown  on  land  cultivated  by 
steam  power  than  laud  cultivated  by  horse  labour,  owing  to  the  influence  of 
perfect  porosity  and  the  fineness  of  the  tilth,  which  enables  the  most  delicate 
rootlet  to  ramify  in  all  directions  unobstructed  by  the  hardness  and  cohesion 
of  the  soil,  the  plants  more  firmly  establish  themselves,  and  the  perfect 
porosity  of  the  soil  renders  it  less  capable  of  conducting  extreme  temperatures, 
which  are  so  destructive  in  compact  and  water-logged  soils. 

Experience  has  shown  that  steam  cultivated  land  can  be  planted  in  the  most 
unfavourable  seasons  much  earlier  than  land  cultivated  by  horse  labour ;  and, 
moreover,  on  land  that  has  been  cultivated  by  steam  power  (especially  in  unto- 
ward seasons)  the  crops  have  done  well  and  luxuriated,  while  on  the  same  des- 
cription of  land  manipulated  by  horse  power  the  crops  have  perished.  Also,  by 
the  agency  of  steam  we  find  that  root  crops  have  been  grown  on  soil  proverbially 
unfavourable  to  their  growth,  and  moreover  of  so  superior  a  quality  that  the 
first  prize  at  an  agricultural  show  has  been  awarded  to  the  crop  grown. 

Again,  steam  cultivated  land  has  a  great  advantage  over  horse  cultivated  land, 
inasmuch  as  the  efficiency  of  maunre  greatly  depends  upon  the  extent  of  amal- 
gamation with  a  perfectly  pulverised  soil,  and  therefore  the  best  results  are 
secured  where  the  soil  is  steam  cultivated. 

Steam  power,  as  used  for  the  cultivation  of  the  soil,  in  the  present  state  of 
the  development  of  the  application,  is  not  an  entire  substitute  for  horse  work  ; 
but  it  will  perform  the  hard  work  better  and  cheaper  than  it  can  be  done  by 
horse  power.  It  is  also  well  known  to  those  who  have  performed  all  the  hard 
work  of  the  field  by  steam  power,  that  a  considerable  reductiou  has  been  made 
in  the  number  of  horses  employed,  and  the  horses,  which  are  still  required  on 
the  farms,  are  now  kept  in  better  condition  at  a  smaller  cost.  The  diminution 
of  the  number  of  cattle  required  for  the  cultivation  of  the  soil  will  lead  to  a 
reduction  in  the  quantity  of  provender  required  to  be  grown  for  them;  and 
therefore  the  result  will  be,  that  a  direct  increase  in  the  products  required  for 
human  sustenance  may  be  expected.  Apart  from  the  direct  saving  due  to  the 
diminution  of  the  number  of  horses  kept,  we  must  take  into  consideration  the 
improved  character  of  the  cultivation,  the  perfect  command  of  seasons,  and, 
lastly,  the  increase  in  the  crops  grown,  which  Mr.  Thompson,  the  president  of 
the  Royal  Agricultural  Society,  stated  last  year  would  equal  "  an  average  in- 
crease of  eight  bushels  an  acre  in  the  crops  throughout  the  country."  The  con- 
summation of  such  results  as  this  cannot  be  over  estimated,  and  the  importance 
of  the  question  gives  it  a  national  character ;  and  in  consequence  we  are  led 
to  study  the  means  that  have  been  proposed,  and  are  now  adopted,  for  the 
successful  cultivation  of  the  soil  by  the  agency  of  steam. 

Classification  of  Systems. 

There  are  four  systems  that  have  been  proposed  for  adoption  in  the  applica- 
tion of  steam  to  the  cultivation  of  the  soil ;  and  each  of  these  primary  systems 
is  capable  ot  further  subdivision  thus  : — 

1st  Class. — Traction  engines,  or  machines  that  draw  the  implements  of 
cultivation  after  them,  which  may  again  be  subdivided  into — 1st,  machines  that 
work  rotary  cultivators  ;  2nd,  machines  that  drag  the  ordinary  cultivators  after 
them ;  3rd,  traction  engines  that  are  so  by  means  of  the  power  being  applied 
direct  to  the  wheels  ;  4th,  traction  engines  that  are  impelled  by  pushers  from 
behind;  5th,  traction  engines  that  are  pulled  forward  to  a  fixed  anchor  by 
the  winding  of  a  rope  on  a  drnm  of  the  engine,  or  by  the  winding  of  a  chain 
on  a  grooved  pulley ;  6th,  traction  engines  that  are  provided  with  a  movable 
rail  or  floor  on  which  it  travels ;  and  lastly,  traction  engines  worked  upon  any 
of  the  above  principles,  but  which  are  impelled  by  any  other  power  than  that  of 
steam. 
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2nd  Class. — Locomotive  engines  travelling  upon  fixed  railways.  This  clas 
may  be  divided  into — 1st,  machines  that  drag  the  implement  after  them  ;  2nd, 
those  that  draw  the  implements  by  means  of  ropes ;  and  lastly,  machines  that 
are  propelled  b3r  any  other  agency  than  that  of  steam. 

3rd  Class.—  Fixed  engines  communicating  the  power  to  the  implements  by 
the  agency  of  chains  or  ropes.  This  class  may  be  divided  into  two  divisions  ; 
those  machines  that  carry  the  winding  drum,  and  those  on  which  the  windlass  is 
detached  from  the  engine. 

4th  Class. — Traction  engines  moving  along  the  head  lands  or  other  part  of  a 
field  and  working  implements  by  the  agency  of  wire  ropes.  This  class  maybe 
divided  into  two  divisions,  or,  those  in  which  one  engine  is  used  and  those  in 
which  two  engines  are  used.  It  may  be  further  subdivided  into — 1st,  those 
systems  that  work  but  one  implement ;  2nd,  those  systems  that  work  two  im- 
plements at  the  same  time  ;  3rd,  those  in  which  two  engines  are  at  work  at  the 
same  time;  4th,  those  in  which  but  one  engine  ie  worked  at  a  time;  5th,  those 
in  which  the  implements  travel  the  fall  length  of  the  field  ;  and  6th,  those 
systems  in  which  the  implements  travel  over  but  one-half  the  length  of  the 
field. 

(To  be  continued.) 


INSTITUTION  OF  CIVIL  ENGINEERS. 


DESCRIPTION  OF  THE  RIVER  WITHAM  AND  ITS  ESTUARY,  AND 
OF  THE  VARIOUS  WORKS  CARRIED  OUT  IN  CONNECTION 
THEREWITH,  FOR  THE  DRAINAGE  OF  THE  FENS,  AND  THE 
IMPROVEMENT  OF  THE  NAVIGATION. 

By  Mr.  W.  H.  Wheeler,  If.  Inst.  C.E. 

It  was  stated  that  the  Witham  was  originally  a  tidal  river,  navigable  by 
ships  of  considerable  size  as  tar  as  Lincoln,  a  distance  of  nearly  40  miles  from 
the  estuary.  It  was  this  portion  of  its  course,  from  Lincoln  to  the  outfall,  flow- 
ing through  a  low  fenny  tract  of  land,  and  on  which  the  skill  of  the  Engineer  had 
been  employed  to  make  it  subservient  to  the  purposes  of  drainage,  that  formed 
the  subject  of  this  communication. 

In  the  Brat  part  of  the  paper,  the  ancient  history  of  the  Witham,  from  the 
time  of  tin-  Romans  to  the  present  day,  was  traced,  and  a  description  was  given 
of  the  various  v.-  it.     Evidence  was  adduced  sufficient  to  prove,  it  was 

ved — that  at  one  time  the  surface  of  the  laud  near  the  estuarj'  was  con- 
ibly  lower  than  at  present,  the  level  varying  from  16ft.  to  18ft.,  at  the 
mouth  of  the  liver,  to  6ft.  at  a  distance  of  20  miles  from  the  sea;  that,  while 
it  was  at  this  lower  level,  the  land  was  inhabited  and  cultivated  ;  that  subse- 
Itly,  it  was  covered  by  the  sea,  and  so  remained  for  a  number  of  years, 
daring  which  time,  by  the  natural  action  of  the  tides  and  the  upland  water,  the 
dly  raised  to  its  present  level;  and  that  the  stupendous  embank- 
ments, by  which  this  vast  tract  of  country  was  protected  from  the  sea,  and  on 
whirl)  it-  safety  still  depended,  were  the  work  of  the  Romans;  for,  as  every 
ordinary  spring  tide  must  have  daily  flowed  over  the  laud,  neither  the  towns  of 
Lost-  or  Wisbeach,  which  were  inhabited  by  the  Saxons,  could  have 

iiie  banks  were  erected.  Until,  however,  about  a  century  ago, 
all  that  had  been  done,  the  lower  lands  were  still  little  better 
than  a  swamp.  The  works  actually  carried  out  for  the  recovery  of  the  Lincoln- 
shire Fens  ilr  lining  by  the  Witham,  including  the  East,  West,  and  Wildmore 
Fens,  near  Boston,  and  the  Holland  Fen,  were  next  described.  Thus,  in  regard 
in  i  Fen,  in  1767,  the  whole  of  the  waters  were  brought  to  theorginal 
OUtfail  at  the  Black  Sluice,  by  a  drain  running  through  the  centre  of  the  Fen, 
its  length  being  upwards  of  20  miles,  and  its  depth  and  width  being  sufficient 
to  allow  of  the  passage  of  boats.  A  sluice  was  erected  at  Boston,  to  exclude  the 
tidal  waters,  and  a  lock  was  built  for  the  purposes  of  navigation.  The  total 
quantity  of  land  drained  by  this't-anal,  and  subject  to  taxation  was  61,395  acres  ; 
and,  in  addition,  the  drainage  of  about  30,000  acres,  from  the  Glen  and  other 
sources,  found  its  way  to  the  sea  by  means  of  the  South  Forty-foot,  as  the 
drain  was  called.  In  the  year  1846,  the  drainage  being  defective,  the  South 
Forty-loot  drain  was  lowered  from  4ft.  to  5ft.,  on  an  average,  throughout  its 
whole  length,  with  a  regular  fall  of  3in.  per  mile.  A  new  outfall  sluice  was 
built,  having  three  openings  of  20ft.  each,  one  being  arranged  as  a  navigation 
lock,  and  the  cill  of  the  new  sluice  was  laid  6ft.  below  the  old  one.  The  whole 
of  this  Feo  was  now  in  the  highest  state  of  cultivation,  and  the  value  of  the 
land,whi    i  b  tnd  enclosure  was  hardly  worth  five  shillings 

an  acri  ii  increased  upwards  of  six  times. 

In  the  year  L761,  the  decay  of  Boston  haven  was  attributed  to  the  diversion 
From  the  Witham  to  other  sources;  thus,  by  the  construction  of  the 

.  Forty-toot  drain,   tin-  .    lob    originally    found   their   Way   into  the 

Witham  were  discharged  al  the  Black  Sluice,  situated  below  the  town,  while 
the  V.  tried  to  their  new  outfall   at   Maud   Poster  Sluice, 

down  the  haven.    Under  the  provisions  of  an  Act  passed  in 
ew  cut  was  made,  and  ■■>  slui  I  i  short  distanoe  above  the  town 


I  the  Grand  Sluice),  consisting  ol  lour  arches,  each  about  -Jilt,  wide,  three 
beiii,-  appropriated  to  drainage,  and  the  fourth  being  used 

■"    were  bun    on  the  outer  ride  of  the  sluice,  and  in  the  interior 
the  height    ot   the  water   in  the 
nver.    a  new  cut  or  (anal  .  r  some  distance  up  the  river,  tc 

a  more  direct  course  than  tie   old  channel,  and  the  rest    ol    the  river  up  to 

in  was  widened  and  deepened.    The  coal  of  these  improvements inted 

It  was  then,  and  ha  I 

that  i  other. 

partl  ■ii'ition,  mi  ler  an  Act  of  1812,  oi  :  from 

Homey  Deeps  (Bardney)  to  Wasbtngborough,  with  lock-gates  for  the  pur] 


of  navigation,  leaving  the  drainage  water  to  find  its  way  by  the  old  course. 
Still,  however,  the  navigation  seriously  interfered  with  the  drainage.  In  1864, 
on  the  recommendation  of  Mr.  Hawkshaw  (Past  President,  lust.  C.E.,)  an  Act 
was  obtained,  with  powers  to  lower  the  river  for  a  distance  of  23  miles,  from  the 
Grand  Sluice  to  Bardney  Lock,  to  a  uniform  level  of  1ft.  below  the  cill  of  the 
Grand  Sluice,  equivalent  to  oft.  below  the  existing  cill  of  the  Bardney  Lock,  and 
to  widen  the  river  to  50ft.  at  the  bottom  for  about  one-half  the  same  distance, 
gradually  diminished  to  36ft.  at  Bardney.  This  involved  the  lowering  of  the 
cills  and  chambers  of  four  locks,  and  the  consequent  deepening  of  the  canals  in 
connection  therewith.  It  was  considered,  that  by  lowering  the  bed  of  the  upper 
part  of  the  Witham,  the  height  of  the  water  on  the  cill  of  the  Grand  Sluice 
could  be  reduced  from  9ft.  to  4ft. ;  that  the  drainage  of  the  district  would  be 
greatly  improved  ;  that  the  silt  and  other  deposits  in  the  haven  would  be  kept 
lower;  that  the  capacity  of  the  river  as  a  reservoir  to  receive  the  waters  from 
the  upper  districts  in  times  of  flood  would  be  considerably  increased,  the  level 
of  these  floods  being  lowered  by  about  2ft. ;  and  that  many  of  the  drains 
would  be  able  to  drain  by  gravitation,  instead  of  requiring  engine  power. 

The  eastern  and  remaining  portion  of  the  Fens,  termed  the  East,  West,  and 
Wildmore  Fens,  were  the  lowest  in  level  of  any  in  the  district.  These  three  Fens 
together  contained  about  40,000  acres  of  land.  The  late  Mr.  Reunie  having 
been  consulted,  as  to  the  best  mode  of  reclaiming  and  draining  this  large  tract 
of  land,  advised  that  the  upland  should  be  separated  from  the  lowland  waters, 
and  that  for  this  purpose  catchwater  drains  should  be  dug,  skirting  the  whole 
district  at  the  extremity  of  the  Fens,  and  catching  the  water  as  it  fell  from  the 
higher  lands  adjacent  thereto.  These  catchwater  drains  were  made  to  empty 
into  the  old  Maud  Foster  drain,  at  a  point  about  2£  miles  above  its  outfall,  and 
sluice  doors  were  erected  to  prevent  the  upland  waters  backing  into  the  fen 
drain.  Maud  Foster  drain  was  widened  and  extended,  and  a  eomplete  system  of 
internal  drains  was  carried  out  in  connection  with  it.  The  East  Fen  was  drained 
by  means  of  a  new  cut  of  about  14  miles  in  length,  and  a  sluice  for  the  discharge 
of  the  waters  into  the  haven  was  built  at  Hob-hole,  about  4  miles  below  Boston. 
Owing  to  the  cultivation  of  the  laud,  rendered  possible  by  this  thorough  system 
of  drainage,  and  other  causes,  further  works  became  necessary ;  and  under  the 
direction  of  Mr.  Hawkshaw,  two  centrifugal  pumps,  driven  by  two  90  h.p. 
engines,  capable  of  lifting  700  tons  of  water  per  minute  to  a  height  of  5ft.,  had 
recently  been  erected  at  Lade  Bank  by  Messrs.  Eastou,  Amos,  and  Anderson. 
A  dam  and  lock  gates  being  placed  across  Hob-hole  drain,  the  water  could  now 
be  lifted  out  of  the  upper  part  of  the  drain,  so  as  at  all  times  to  keep  it  at  a  pro- 
per level  below  the  surface  of  the  lands  in  the  East  Fen. 

By  means  of  the  several  works  executed  for  the  drainage  of  these  Fens  into 
the  haven,  the  waters  were  discharged  at  various  points  from  680,392  acres,  being 
the  drainage  area  of  the  river  Witham. 

The  present  state  and  condition  of  the  haven,  as  affecting  the  drainage  and 
the  navigation,  and  the  causes  which  had  conduced  to  its  decay,  were  next 
considered,  and  the  moans  proposed  and  adopted  for  its  improvement  were  theu 
described. 

The  basin,  or  estuary,  called  the  Wash,  which  received  the  waters  of  the 
Witham,  the  Welland,  the  Nene,  and  the  Ouze,  was  about  300  square  miles  in 
extent.  It  was  shallow  and  full  of  shifting  sands,  which  were  gradually  but 
surely  extending  and  gaining  on  the  sea.  The  waters  discharged  from  the  rivers 
in  times  of  flood  held  in  suspension  large  quantities  of  mud,  and  meeting  with 
an  opposing  tidal  current,  highly  charged  with  silt,  a  deposit  took  place,  which 
the  back  waters  were  not  stroug  enough  entirely  to  remove.  This  silting  up  of 
the  estuary  might  be  further  traced  to  the  embanking  and  enclosing  of  the 
lands — the  erection  of  sluices  preventing  the  freo  flow  of  water — the  improved 
drainage  of  the  land  by  means  of  tiles,  and  the  use  of  steam  power  lor  effecting 
the  more  rapid  discharge  of  the  waters.  Sluices  were  constructed  for,  among 
other  things,  purposes  of  navigation.  Now  it  was  difficult  to  combine  effectively 
both  the  drainage  and  navigation  interests;  but,  by  deepening  the  channel,  it 
was  believed  that  vessels  might  pass  up  with  the  flowing  tide,  and  return  with 
the  ebb.  Where  the  tidal  streams  could  not  be  made  avaiable,  it  was  advisable 
that  there  should  be  separate  cuts  for  the  navigation  alone.  In  the  Author's 
opinion,  the  erection  of  a  sluice  across  a  tidal  stream  assisted  the  deposit  of  silt 
and  mud,  instead  of  preventing  it,  as  was  sometimes  supposed.  The  stagnation 
produced  by  the  sluice  also  caused  the  mud  to  accumulate  in  the  channel  against 
the  doors,  and  so  stopped  the  egress  of  the  waters  through  the  sluice.  This 
had  been  the  case  at  the  Grand  Sluice  in  the  Witham,  at  Boston  ;  and  the  bed 
of  the  river  had  been  raised  in  proportion,  interfering  to  a  considerable  extent 
with  the  navigation.  The  erection  of  the  Grand  Sluice  had  been  condemned 
by  engineers  at  tho  time,  and  modern  engineers  took  the  same  view.  Mr. 
Hawkshaw  in  the  year  1861,  and  again  in  1861,  had  recommended  with  other 
works,  the  removal  of  this  sluice.- 

The  author,  in  a  brief  recapitulation  of  his  remarks  on  this  branch  of  the 
subject,  Stated — that  all  rivers  carried  with   them   in  their  flow  large  quantities 
of  soil  ;  that    wherever   the  flow  was   impeded,  the  soil  was  deposited  on  the 
bottom  of  the  river  or  estuary;  that  the  tides,  meeting  the  freshes,  can 
deposit  to  take  place,  and  where  the  back  water  was  not  sufficient  to  wash  this 

away,  an  accumulation  of  mud  and   Band   occurred,  choking  up  the  outlet   and 
led  of  the  river  ;  thai   before  Art  was  brought  to  bear  on  the  Fens  in 
their  natural  state,  the  waters,  Bowing  over  the  low  lands,  formed  huge  reser- 
voirs, which  on   the  return  of  the  tide  made  the  freshes  sufficiently    powerful  to 

curry  out  to  sea  the  sand  and  mud  deposited,  and  to  keep  the  rivers  scoured  out 

i  proper  depl  h  ■.  thai  by  embanking  these  lands,  and  con  lining  the  wi 
i-i  defined  channels,  the  tides  became  stronger  than  the  fi  I  sand  and 

mud    were  deposited   at    the   ue. nth-,   of    rivers,  hindering   then  that 

further,  by  the  improved  drainage  causin  pid  disoharge  --i  the  waters, 

the  freshes  were  sudden  and  impetuous,  instead  ol  constant  ami  gradual,  allow- 
ing the  deposit  brought  down  by  them  to  be  washed  baok  by  the  tides,  md 
deposited  on  the  beds  of  rivers,  and  thai  this  took  placet  •'  'tent 

iterially  to  -  I  at  the  outlet  and  interfere  with  thedrai 
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and  that  the  more  the  operations  of  Nature  were  interfered  with  the  greater 
was  this  effect;  that  wherever  sluices  or  weirs  were  erected  across  a  tidal 
river,  hy  causing  a  longer  period  of  stagnation  at  the  point  were  the  sluice 
was  erected,  and  preventing  the  scour  of  the  returning  ebbs,  a  large  deposit 
took  place,  requiring  the  whole  strength  of  the  winter  floods  to  effect  its 
removal. 

The  channel  for  vessels  coming  to  Boston  up  the  Witham  was  both  tortuous 
and  difficult,  owing  to  the  numerous  shoals  and  shifting  beds  of  sand.  The 
foreshore  of  the  coast  at  the  point  where  the  Witham  debouched  was  a  hard 
stiff  clay,  and  known  by  the  name  of  the  "  Scalp."  Along  this  the  water 
flowed  in  a  south-easterly  direction  for  some  distance,  and  then  turned  sud- 
denly in  a  north-easterly  direction,  the  Scalp  forming  a  long  elbow  round  which 
the  waters  had  to  find  their  course.  At  this  elbow  the  river  Welland  joined 
the  Witham,  almost  at  right  angles,  and  both  flowed  together  in  one  channel 
for  about  four  miles,  when  the  united  streams  again  divided  into  two.  The 
greatest  hindrance  to  the  discharge  of  the  waters  occurred  at  this  elbow,  where 
the  Witham  and  Welland  spread  themselves  over  a  wide  and  unconfined  space, 
and  so  lost  their  velocity,  and  with  it  the  power  to  move  the  sands  and  mud 
accumulated  during  the  summer  months.  Owing  also  to  the  long  winding 
course  of  the  Witham  round  Elbow  Point,  a  distance  of  four  miles  (the  direct 
course  across  this  clay  foreshore  being  only  two  and  a  quarter  miles),  there  was 
a  great  loss  of  fall.  Thus,  while  at  Hob-hole  Sluice,  about  three  miles  above 
the  bar,  there  was  seven  feet  of  water  at  low  water,  and  in  Clayhole,  about  one 
mile  below  Elbow  Point,  it  was  ten  feet,  at  the  bar  there  was  not  more  than 
ten  inches.  The  removal  of  this  bar,  and  obtaining  a  greater  fall,  had  been 
the  aim  of  all  the  engineers  who  for  the  last  one  hundred  and  thirty  years  had 
reported  upon  the  haven.  One  course  had  been  invariably  recommended — the 
making  of  a  new  cut  through  the  clay  foreshore,  about  one  and  a  quarter 
mile  in  length,  confining  the  water  to  this  channel,  and  training  the  Welland 
with  fascine  work  through  the  shifting  sands  to  a  junction  with  the  Witham 
in  Clayhole.  Tke  course  of  the  Witham  would  thus  be  shortened  about  a 
mile  and  three  quarters,  and  being  confined  by  the  embankments  and  fascine 
work,  would  not  have  such  a  great  body  of  shifting  sand  to  contend  with,  and 
would,  be  at  once  carried  to  deep  water  in  Clayhole.  This  would  allow  all 
the  flood  waters  from  the  several  sluices  to  be  properly  discharged,  and  give  a 
general  relief  to  the  low  lands  of  the  Fens.  It  had  been  estimated  that  the 
total  expense  for  the  Witham  Channel  would  be  about  £60,000,  and  for  the 
Welland  Channel  about  £20,000.  By  carrying  out  this  plan,  many  acres  of 
land,  at  present  covered  by  the  tide,  would  in  course  of  time  be  warped  up 
and  become  good  marsh  land. 

Reference  was  then  made  to  the  works  carried  out  in  the  year  1825,  under 
the  advice  of  Sir  John  Rennie  (Past  President  Inst.  C.E.),  at  a  cost  of  about 
£40,000,  by  which  the  channel  between  Skirbeck  Church  and  Hob-hole  Sluice 
had  been  straightened,  and  the  course  of  the  river  had  been  contracted. 
Thirty  years  after  the  commencement  of  this  work,  300  acres  of  the  reclaimed 
land  had  been  sold  for  £10,000,  and  had  been  embanked  by  the  purchaser  ; 
while  a  few  years  ago,  two  other  marshes  had  been  embanked  by  the  Commis- 
sioners, and  had  been  let  on  lease  at  a  rental  of  £310  per  annum,  the  area,  in- 
cluding foreshore  and  bank,  being  about  160  acres. 

The  system  of  parallel  training  walls,  constructed  of  faggots,  clay,  and 
chalk,  had  been  adopted  to  a  great  extent  for  the  Fen  rivers,  and  had  been 
found  to  answer  better  than  any  other  plan.  The  manner  in  which  these  train- 
ing walls  had  been  carried  out,  on  the  rivers  Witham  and  Welland,  was  then 
described. 

In  conclusion,  the  general  results  of  the  enclosure  of  the  Fens  were  briefly 
reviewed;  and  it  was  observed  that  the  appearance  and  prosperity  of  this  large 
tract  of  land,  equal  in  extent  to  many  counties,  when  contrasted  to  what  it 
was  a  century  ago,  was  •'  a  striking  proof  of  the  ingenuity  and  industry  of 
man,  and  reflected  the  highest  credit  on  the  skill  of  the  engineer,  and  the  en- 
terprise of  the  people. 


MANCHESTER  ASSOCIATION  FOR  THE  PREVENTION  OF 
STEAM  BOILER  EXPLOSIONS. 

CHIEF  ENGINEER'S  MONTHLY  REPORT. 
"Wigan  Coal   Trials. 

"I  have  now  the  pleasure  of  presenting  to  our  members  condensed  tables  of 
the  results  obtained  at  the  first  series  of  Wigan  Coal  Trials,  referred  to  in  the 
monthly  report  for  July  last,  as  well  as  a  brief  account  of  the  mode  of  con- 
ducting the  experiments.  The  special  object  of  this  series  of  trials  was  to  show 
the  suitability  of  the  South  Lancashire  and  Cheshire  coals  for  use  in  Her 
Majesty's  Navy.  The  trials  were  carried  out  at  the  expense  of  the  South 
Lancashire  and  Cheshire  Coal  Association,  under  the  superintendence  of  the 
late  Dr.  Richardson,  of  Newcastle,  and  myself,  and  it  is  with  the  per- 
mission of  that  Association  that  these  particulars  are  presented  to  our 
members. 

"  I  propose  to  describe  in  the  first  instance  the  mode  of  conducting  the 
investigation  with  the  testing  apparatus  employed  ;  in  the  second,  the  pre- 
liminary trials  with  the  modifications  in  the  furnaces  and  treatment  of  fires 
arrived  at ;  and  in  the  third,  the  permanent  trials  with  their  results. 

"1.  Description  of  the  Mode  of  conducting  the  Trials  and  of  the 
Testing  Apparatus  employed. 
"'The  principle   on   which  these  trials  were  conducted  was   simply  that  of 
ascertaining  by  practical   experiment  in  a  steam  boiler  how  much    water  lib. 


of  coal  would  evaporate,  also  at  what  speed  that  could  be  done,  and  whether 
with  or  without  the  formation  of  smoke.  To  this  end  all  the  water  evaporated 
was  accurately  measured  ;  the  coal  carefully  weighed ;  and  the  time  expended 
in  doing  a  given  amount  of  work  noted  ;  added  to  which  the  amount  of  smoke 
emitted  was  observed  and  registered. 

It  may  be  well  to  describe  more  in  detail  the  mode  adopted  for  measuring  the 
water  and  weighing  the  coal,  as  well  as  the  boiler  employed  and  the  method  of 
estimating-  the  amount  of  smoke. 

"Measurement  of  the  Water. —  Water  meters  are  not  always  to  be 
relied  on,  and  therefore  to  avoid  every  chance  of  mistake,  or  even  suspicion  of 
inaccuracy,  a  tank  was  employed  of  sufficient  size  to  carry  through  an  entire 
experiment  with  a  single  charge.  This  tank,  which  had  a  superficial  area  of 
50  square  feet,  and  thus  a  capacity  of  260^1bs.  per  each  inch  in  depth,  was  fitted 
with  a  float,  which,  reposing  on  the  surface  of  the  water,  rose  and  fell  with  it, 
and  operating  upon  a  pointer,  travelling  over  a  scale  graduated  in  feet  and  inches, 
indicated  the  precise  amount  consumed,  as  well  as  the  rate  of  progress  through- 
out the  trial. 

"  It  is  usual  in  such  trials  to  evaporate  the  water  at  atmospheric  pressure, 
so  as  to  afford  a  common  standard  for  the  comparison  of  different  experiments, 
while  it  has  the  further  advantage  of  dispensing  with  the  necessity  of  a  pump, 
and  of  very  much  reducing  the  chances  of  waste  from  leakage.  The  plan  had 
been  adopted  by  the  Admiralty  in  previous  trials,  and  therefore  was  followed 
on  the  present  occasion.  The  tank  was  placed  at  a  short  distance  from  the 
boiler,  and  at  a  sufficient  height  for  the  water  to  flow  into  it  by  its  own  weight, 
the  two  being  connected  by  a  pipe  2in.  in  diameter,  which  was  fitted  with  a 
stop  tap,  so  that  the  supply  could  readily  be  controlled  by  hand,  while  the 
whole  was  placed  so  as  to  be  quite  open  to  view,  so  that  no  loss  from  leakage 
could  go  on  unobserved. 

"  The  feed  water  was  supplied  to  the  boiler  at  its  natural  temperature, 
whatever  that  might  happento  be,  but  as  this  varies  at  different  times,  and 
clearly  affects  the  result,  it  is  important  that  an  allowance  should  be  made  for 
these  variations  so  as  to  admit  of  the  correct  comparison  of  different  experiments. 
It  is,  therefore,  customary  to  qualify  the  amount  of  water  evaporated,  by  the 
temperature  of  the  feed,  and  to  reduce  it  to  a  standard  of  so  many  lbs.  of  water 
evaporated  from  a  temperature  of  212°  or  100°  as  may  be  decided  on.  As  the 
standard  of  100°  had  been  adopted  by  the  Admiralty  in  previous  experiments, 
it  was  adhered  to  on  the  present  occasion,  and  the  necessary  qualification 
made. 

"  Mode  of  Weighing  the  Coal. — The  coal  was  weighed  in  charges  of 
2001b.  and  shot  down  in  front  of  the  boiler  so  as  to  be  kept  entirely  distinct 
from  the  general  stock. 

"Description  of  the  Test  Boiler. — As  these  trials  had  special  reference 
to  the  suitability  of  the  coals  of  this  district  for  steam  purposes  on  board  Her 
Majesty's  Navy,  a  boiler  of  the  marine  multitubular  type  was  adopted ;  and, 
further,  as  a  special  one  is  employed  at  Her  Majesty's  Dockyard  Keyham,  for 
testing  the  value  of  coals,  it  was  proposed  by  Dr.  Richardson  that  to  avoid  all 
question  a  precisely  similar  one  should  be  used  for  the  Wigan  trials,  and  with 
this  view  a  fac-simile  of  the  Keyham  test  boiler  was  made  from  drawings 
kindly  furnished  by  T.  W.  Miller,  Esq.,  chief  engineer  at  Her  Majesty's 
Dockyard,  Keyham.  This  boiler  was  of  very  cramped  proportions,  and  by  no 
means  calculated  to  develope  the  highest  results  from  the  coals,  but  it  was 
adhered  to  for  the  reasons  just  given.  It  measured  7ft.  8in.  in  length,  8ft. 
lOin.  in  height,  and  5ft.  in  width,  and  contained  124  flue  tubes,  5ft.  long  and 
2iin.  diameter  inside,  with  two  furnaces  each  1ft.  8£in.  in  width.    The  heating 

Figl. 


surface  afforded  by  the  tubes  was  365  square  feet,  by  the  flame  chamber  and 
surnaces,  including  the  ashpit,  128  square  feet,  making  a  total  of  493  square 
feet  of  heating  surface.    The  equipment  of  the  furnaces  was  of  the  usual  class, 
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consisting  of  an  ordinary  fire  door,  dead-plate,  set  of  fire  bars,  and  single  vertical 
brick  fire  bridge,  tbe  fire  door  being  fitted  witb  a  sliding  grid  for  the  admission 
of  air  when  required,  and  a  perforated  box  at  cbe  back  for  the  dispersion  of 
the  current.  To  give  a  better  idea  of  the  proportions  of  the  boiler  with  the 
furnace  mountings  two  cuts  are  appended,  the  first  of  which  gives  a  longitudinal 
section  through  one  of  the  furnaces,  the  other  a  front  external  elevation,  added 
to  which  there  is  subsequently  given  an  enlargement  of  the  Are  door. 

"  Metjiod  of  Estimating  the  Amount  of  Smoke. — To  accomplish  this, 
an  observer  watched  the  chimmey  throughout  the  whole  experiments,  and 
noted  every  minute  in  which  smoke  occurred,  the  density  being  defined  by 
gTadations  of  1,  2,  3,  4,  5,  6. 

"  In  the  tables  accompanying  this  report,  however,  the  six  gradations  just 
given  are  reduced  to  three  for  the  sake  of  simplicity,  under  the  designations  of 
'  very  light,'  'brown,'  and  'black.' 

"2.  Pbelimixaby  Teials  with  the  Modifications  Hade  in  the  Fub" 
races  and  treatment  of  the  flbes. 

"  At  the  commencement  of  the  trials  only  8.011b.  of  water  were  evaporated 
by  lib.  of  coal,  and  35.81  cubic  feet  of  water  by  the  boiler  per  hour,  with  a 
consumption  of  20lb.  of  coals  per  hour  per  square  foot  of  fire  grate ;  subsequently, 
however,  the  results  were  considerably  improved,  and  ll.lllb.  of  water  were 
evaporated  by  one  of  coal,  with  a  speed  of  46.19  cubic  feet  of  water  per  hour, 
and  251b.  of  coal  per  hour  per  square  foot  of  fire  grate. 

"This  improvement  was  obtained  simply  by  slight  modifications  in  the  pro- 
portions of  the  furnaces  and  treatment  of  the  fires. 

"  It  would  be  interesting  to  trace  all  these  modifications,  and  to  give  the 
results  of  each.  This,  however,  would  be  a  work  of  too  great  length  for  the 
present  occasion.  Suffice  it  therefore  to  say,  that  115  preliminary  experiments 
were  made,  during  which  it  was  found  of  advantage  to  reduce  the  length  of 
the  fire  grate  from  4ft.  to  3ft.  to  adopt  a  blind  dead  plate  in  preference  to  a 
perforated  one,  and  to  slightly  lower  the  level  of  the  firegrate  so  as  to  increase 
the  flame  chamber  above  the  bars,  while  there  is  no  doubt  that  a  further  ad- 
vantage would  have  been  gained  by  lowering  the  bars  still  more  had  not  tha 
ashpit  become  thereby  too  eramped  for  the  due  admission  of  air.  No  bar  was 
found  to  give  a  better  result  than  a  wrought-iron  one  an  inch  thick  with  half- 
inch  space  as  windage,  while  the  addition  of  an  inverted  or  hanging  bridge 
behind  the  ordinary  vertical  one  was  found  of  advantage  in  preventing  smoke, 
its  action  being  to  assist  in  mixing  the  gases  and  maintaining  the  temperature 
of  the  furnaces. 

"  The  following  figures  will  show  the  result  of  its  working  : — 

//aralive  Table  of  results  with  and  without  Inverted  Bridge. 
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Haigfa  Yard  Coal  with  Inverted  Bridge... 

11-24 

47-38 

0-5 

0 
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Ditto             without          Ditto 

11*06 

61-81 

25 

0 
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"  The  number  of  perforations  for  the  admission  of  air  through  the  fire  doors 
were  alio  modified.  In  the  first  instance  then1  were  780  giving  an  area  of  32 
■quote  inch  per  square  foot  of  fire  grntc.  These  were  afterwards  reduced  by 
bolting  a  blank  plate  over  the  lower  part  of  the  doors  so  as  to  make  the  number 
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of  perforations  342,  equal  to  an  area  of  l-6  square  inches  per  square  foot  of 
fire  grate.  It  is  thought  that  the  beuefit  from  this  change  arose  more  par- 
ticularly from  the  alteration  in  the  point  of  admission,  and  it  was  afterwards 
found  necessary  with  the  thickest  fires  to  leave  the  doors  lin.  or  1  Jin  ajar  for  a 
minute  or  so  after  firing  to  prevent  the  formation  of  smoke. 

"  The  proportions  of  the  furnaces  finally  adopted,  with  the  length  and  level 
of  grate  and  arrangement  of  fire  bridges,  are  those  shown  in  the  cuts  of  the 
boiler  already  referred  to,  while  the  following  enlarged  view  of  the  fire  door 
will  show  its  general  construction  and  the  final  number  of  perforations  : — 

"  In  addition  to  the  modifications  in  the  proportions  of  the  furnaces,  two 
modes  of  firing  were  adopted,  one  termed  '  spreading,' the  other  'coking.'  In 
'spreading'   firing  the  coal  is  scattered  evenly  over  the  whole  surface  of  the 
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fire  grate,  commencing  generally  at  the  fire  bridge  and  working  forward  to 
the  fire  door.  In  '  coking  '  firing,  the  charge  of  coal  is  thrown  on  to  the  dead 
plate  in  front  of  the  bars  and  allowed  to  lodge  there  for  a  time  in  order  that 
the  mass  may  become  coked  through,  and  when  that  is  done,  the  crest  is  pushed 
back  towards  the  bridge,  and  another  charge  thrown  on  to  the  front  of  the 
fire  in  its  place.  In  this  way  the  gases  are  gradually  evolved  from  the  coal  at 
the  front  while  a  bright  fire  is  maintained  at  the  back  over  which  the  gases 
pass.  On  trying  the  two  plans,  coking  firing  was  found  to  give  a  more 
economical  result  than  spreading,  and  at  the  same  time  to  produce  less  smoke, 
while,  in  addition,  a  higher  result  was  obtained  by  thickening  the  fire  from  ti 
to  9in.  and  again  from  9  to  12in. 

" '  Coking'  tiring  was  therefore  adopted  as  the  standard  method,  and  with 
tires  l'iin.  thick,  while  the  furnaces  were  charged  alternately  and  the  per- 
forations allowed  to  remain  open  for  a  few  minutes  after  charging  for  the  pre- 
vention of  smoke. 

"3.  Peemanent  Teials  and  theie  Results. 

"  The  preliminaries  just  described  having  bceen  determined,  fifteen  coals 
selected  by  II. M.  Inspectors  of  Mines,  Joseph  Dickinson,  Esq.,  and  Peter 
Sigson,  Esq.,  were  then  submitted  to  trial  seriatim.  The  following  is  a  list  of 
their  names:  — 

Handley    Yard. 

Worsley  Top  Four  Feet. 

Upper  Crumbouke. 

Lower  Crumbouke. 

Upper  Three  Yards. 

Six  Feet  Kams. 

Great  Seven  Feet. 

Black rod  Yard. 

Pembcrton  Little  Delf  or  two  Feet  Mine,  and  Pcmberton  Four  Feet  Mine, 
where  the  two  are  so  near  together  us  to  form  one  seam. 

Haigh  or  Arley  Yard. 

Furnace  Mine, 

Bickeretaffe  Four  Feel  or  Blaugate  Mine. 

Busby  Park  and  Little  Deli  .Mine-,  worked  simultaneously  and  mixed, 

luce  Three  Feet,  Pour  feet,  ami  Seven  Feet  Mines,  worked  simultaneous 
and  mixed. 

Arley  Mine. 

"Although  it  had  already  been  found  that  thick  firing  gave  better  n 
than  thin,  vet  as  the  whole  of  the  preliminary  trials  had  necessarily  been 
with  one  coal  for  the  pi  ii  was  though!  desirable  t"  test 

all  tin' coals  on  the  list  witb  van.. us  thiokneases  of  Area  rather  than  to  assume 

they  all  required   precisely    the   same  ti.atiii.nl.    an. I    therefore   th«J    were  tried 

witb  fires  Bin.  thick  and  then  with   I2in.   thick,  tin.  latter  being  though!  at 
first  tin-  greatest  thickness  permissable,  but  experience  showing  thai  l  im.  tires. 
i.  additional  lampli    ol   tl il       ;j    i    necessary  were  pro- 
cured, and  furtnei  trials  made  with  l  tin.  tires.    Added  to  this,  a  Longer  trial 

was  made,   in  whi  a  1,60011 I  was  burnt    inati  sain 

.  in  order  to  tee  how  far  the  coal  would  maintain  its  efficiency  in  ■  long 
run.    .'  tried  ..i  olosing  the  perforations  in  the  fire  dooi 
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an  indication  whether  too  much  air  had  heen  admitted  or  not.  In  all  the 
trials  just  named  the  "coking"  system  of  firing  was  adopted,  but  an  addi- 
tional one  with  "spreading"  firing  12in.  thick  was  made  as  a  comparison,  and 
as  it  was  found  in  all  cases  that  coking  firing  proved  to  be  the  most  economical, 
further  trials  on  the  spreading  system  were  thought  unnecessary. 

"The  result  of  these  trials  showed  that  the  coals  possessed  a  very  high 
evaporative  power  combined  with  great  speed  ;  one  coal  evaporating  ll-101b.  of 
water  at  100°  per  lb.  of  coal ;  a  second,  iri51b  ;  a  third,  10491b  ;  a  fourth, 
10-911b.  &c,  &c. ;  while  in  the  case  of  the  first,  46'17  cubic  feet  of  water  were 
evaporated  by  the  boiler  per  hour ;  in  the  second,  48-60  cubic  feet ;  in  the  third 
5V34  cubic  feet ;  in  the  fourth,  45-37  cubic  feet  ;  while  only  a  little  faint  smoke 
was  occasionally  visible.  These  results  were  very  superior  to  those  reported  to 
the  Admiralty  in  1849  by  Sir  Henry  De  la  Beche  and  Dr.  Lyon  Playfair,  who 
returned  the  economic  evaporating  power  of  the  best  of  the  Lancashire  coals 
as  only  equal  to  81b.  of  water  at  100°  evaporated  by  lib.  of  coals.  The  results 
obtained  from  the  South  Lancashire  and  Cheshire  coals  were  found  to  compare 
very  favourably  with  those  obtained  from  the  North  Country  and  Welsh  coals 
at  Her  Majesty's  Dockyard,  Keyham,  but  it  was  thought  it  would  be  of  further 
satisfaction  to  try  the  Welsh  and  Newcastle  coals  in  the  Wigan  boiler  for 
comparison,  and  this  was  therefore  done.  The  results  will  be  more  readily 
seen  if  arranged  in  the  form  of  a  table,  as  follows ; — 

Comparative  Table  of  the  resiclts  of  the  trials  of  the  North  Country,  the 
Welsh,  and  the  South  Lancashii-e  and  Cheshire  Coals. 
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North  Country  Coal. 

Davidson's  mixed  with  Hasting's  Hartley, 
in  equal  quantities.    Tried  at  Keyham 

10-71 

43-00 

3-4 

0 

0 

Ditto                     Tried  at  Wigan... 

10-71 

51-33 

1-3 

0 

0 

Welsh  Coal. 

Powell's    Duffryn    mixed  with  [Nixon's 
Navigation  and  Davis's  Abercwomboy, 
in  equal  quantities.    Tried  at  Keyham 

Ditto                     Tried  at  Wigan... 

1014 
'  11-15 

30.60 
48.60 

3-1 
1-7 

0 
0 

0 
0 

South  Lancashire  and  Cheshire  Coals. 

Hindley  Yard  Coal.     Tried  at  Wigan  ... 

11-10 

46-17 

0-2 

0 

0 

Lower  Crumbouke  Coal.      ditto        

11-15 

48-60 

1-8 

0 

0 

Great  Seven  Feet  Coal  ...     ditto        

10-49 

51-21 

5-9 

0 

0 

Blackrod  Yard  Coal ditto 

10-91 

45-37 

2-4 

0 

0 

Haigh  Yard  Coal  ditto 

11-24 

47-38 

0-5 

0 

0 

"  Detailed  results  of  the  permanent  trials  of  the  whole  series  of  coals,  when 
treated  on  the  coking  system,  with  the  fires  14in.  thick,  and  the  perforations  in 
the  doors  intermittently  open — which  were  the  conditions  that  afforded  the 
highest  results— will  be  found  in  the  tables  appended  (see  Sheets  1,  la,  lb) ; 
but  as  the  detailed  tables  of  the  remaining  trials— made  under  various  conditions 
as  to  the  thickness  and  treatment  of  fires,  admixture  of  air  with  the' gases, 
and  length  of  experiment — occupy  as  many  as  38  sheets,  it  was  found  imprac- 
ticable to  include  them  in  extenso  in  this  report,  but  the  condensed  results  are 
subsequently  given. 

"  When  all  the  coals  on  the  list  had  been  tested,  and  the  results  given  in 
the  tables  just  referred  to  arrived  at,  the  Admiralty  sent  down  two  of  their 
officers,  Robert  Nicoll,  Esq.,  R.N.,  Assistant  to  Chief  Engineer  at  H.M.  Dock- 
yard, Keyham,  and  William  Lynn,  Esq.,  Assistant  Inspector  of  Machinery  at 
H.M.  Dockyard,  Portsmouth,  to  witness  a  repetition  of  the  trials,  and  report 
thereon.  A  table  giving  the  results  obtained  by  the  Admiralty  officers  will  be 
found  on  sheet  No,  2.*  All  the  trials  hitherto  referred  to  were  made  with  the 
natural  chimney  draught,  but  it  was  thought  well  for  the  Admiralty  officers 
to  witness  a  second  series  with  the  draught  quickened  by  mechanical  means, 
and  therefore  a  steam  jet  fed  by  an  adjoining  boiler  at  a  pressure  of  301b.  per 
square  inch  was  applied  to  the  chimney.  A  table  giving  the  results  of  this 
second  series  of  trials  by  the  Admiralty  officers  will  be  found  on  sheet 
No.  2a. 

_"  To  facilitate  a  comparison  between  the  results  of  the  original  series  ot 
trials  and  of  the  verifications  by  the  Admiralty  officers,  sheet  No.  3,  has  been 


*  These  sheets  are  omitted  as  being  of  no  general  interest,  the  Tables  of  mean  results 
which  follow  giving  all  that  is  necessary.— Ed.  Aistizan, 


prepared,  which  gives  in  parallel  columns  the  net  results  of  the  different  trialf 
of  each  of  the  coals  on  the  list,  while  the  following  tables  gives  the  mean  of 
the  whole.: — ■ 

Table  of  the  mean  result  of  all  the  South  Lancashire  and  Cheshire  Coals 
experimented  on. 


CHARACTER  OF  TRIAL. 


Mean  results  of  all  the   coals  tried    by 
Dr.  Richardson  and  Mr.  L.  E.  Fletcher 

Ditto  verified  by  Admiralty  Officers 


Ditto  with  steam  jet  tried  by  Admiralty 
Officers    
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"  This  table  shows  that  the  Admiralty  officers  more  than  verified  the  results 
previously  given,  and  in  reporting  to  the  Admiralty  thereon  they  stated  that 
such  was  the  case. 

"  Further  to  test  the  value  of  the  coal  it  was  thought  well  to  have  a  trial  at 
sea,  and  therefore  a  run  was  made  with  the  Lindsay,  a  screw  collier  of  about 
800  tons  burden  fitted  with  two  boilers  each  containing  three  furnaces  and 
driving  a  pair  of  engines  having  a  diameter  of  28in.  in  the  cylinder,  making  70;} 
revolutions  per  minute  and  indicating  about  460  horse  power.  The  trial  was 
most  satisfactory  ;  coking  firing,  as  already  explained,  was  adopted  and  carried 
out  by  the  ordinary  ship's  stokers,  and  Messrs.  Nicoll  and  Lynn  report  that 
steam  '  was  kept  blowing  off  at  the  waste  steam  pipe  all  the  time  of  the  trial 
while  no  smoke  was  visible  during  the  whole  of  the  four  hour's  run.'  The 
commissioners  close  their  report  with  these  words,  '  in  conclusion  these  experi- 
ments, including  that  of  the  Lindsay,  show  that  when  the  products  of  the 
coal  are  consumed,  which  we  consider  can  be  easily  done  by  careful  firing,  the 
coals  of  this  district  have  a  high  evoporative  value,  combined  with  great  speed, 
and  are  in  every  respect  fit  for  Her  Majesty's  Service. 

"To  assist  in  estimating  the  advantages  of  different  thicknesses  of  firing, 
sheet  No.  4  has  been  prepared,  which  gives  the  results  of  firing  each  coal  with 
a  thickness  of  14,  12,  and  9  inches.  The  following  table  gives  the  mean  results 
of  the  whole  number  of  coals  at  each  thickness  of  fire : — 

Comparative  Table  of  the  result  of  different  thicknesses  of  fires. 
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Mean  Results   of    all  the  Coals,  with 
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10-35 

47-22 

27 

2-4 

0 

0 

Ditto                  „      12in.  thick    .. 

10-06 

45-67 

27 

2-8 

0 

0 

Ditto                  „        9in.  thick  ... 

9-65 

44-00 

27 

1-0 

0 

0 

"  From  this  it  will  be  seen  that  a  Are  14  inches  thick  gives  a  more  econo- 
mical result  than  one  12  or  9  inches  thick,  while  no  diminution  of  speed  is  ex- 
perienced. 

"To  show  that  'coking'  firing  coupled  with  the  admission  of  a  little  air 
above  the  bars  immediately  after  charging,  which  is  the  smokeless  system,  is 
not  attended  with  any  loss  in  economy,  sheet  No.  5  has  been  prepared,  which 
gives  the  result  of  three  different  systems  of  treatment  applied  to  each  coal : — ■ 
1st,  the  'coking'  system  coupled  with  the  admission  of  sufficient  air  above  the 
bars  to  prevent  smoke.  2nd,  the  'coking'  system  with  perforations  in  the 
fire  door  closed  ;  and  3rd,  the  '  spreading  '  system  with  the  perforations  in  the 
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fire  door  open  after  charging.     The  following  is  the  mean  result  of  each  of 
the  three  systems  :  — 

Comparative  Table  of  the  result  of  firing  of  the  Coking  and  on  the  Spreading 
Principle,  and  also  of  admitting  air  at  thefire  door  or  not. 


CHARACTER  OF  TRIAL. 


Coke  firing  with  fires  12in.  thick.  Per- 
forations in  fire-door  open  after- 
charging 

Coking  ditto  with  perforations  con- 
stantly closed  

Spreading  ditto  with  perforations  in  fire 
door  open  after  charging    


d=  - 


10-13 


9-75 


J-51 


46-36 


47-03 


51-37 


27 


29 


32 


Smoke  per  hour 


> 


3-2 


12-6 


20-8 


0-0 


1-4 


o-o 


0-6 


4-2 


"  A  consultation  of  this  table  will  show  that  there  is  no  loss  in  economy  from 
adopting  the  smokeless  system  of  firing,  but  on  the  contrary,  a  slight  gain, 
though  there  is  a  loss  of  speed,  neither  as  much  coal  being  burnt  per  square 
foot  of  fire-grate  nor  as  much  water  evaporated  per  hour  from  the  boiler.  Thus 
the  table  shows  at  once  the  advantage  and  difficulty  of  smoke  prevention.  It  is 
feared  that  difficulty  will  be  experienced  wherever  boilers  are  overtasked,  while 
it  will  be  seen  that  the  table  affords  an  explanation  of  the  objection  entertained 
by  firemen  to  admitting  air  above  the  fire  bars  when  they  want  to  raise  steam 

quickly. 

"  On  makinz  a  longer  trial,  that  is  to  say,  consuming  1,5001b.  of  coal  instead 
of  ] ,0001b.,  and  running  for  an  average  length  of  time  of  5b.  9in.,  instead  of 
3h-  27m.,  the  result  was  slightly  inferior  in  economy,  though  practically  equal 
as  regards  the  amount  of  water  evaporated  by  the  boiler  per  hour  and  the 
absence  of  smoke.  The  precise  figures  are  given  in  the  following  table  :— 
tparativi    Tulle  of  the  result  of  short  and  long  trials. 


=  ■=' 
c  — 

-  ~3 

3  ® 

3  =  2 

Smoke  per  hour. 

o 

_  z 

£  s 

*>ga 

>> 

0-3 

c=    S. 

CHARACTER  OF 

jb  ^ 

=  £ 

Il 

3  — iZ 

> 

o     . 

o 

TBIAL. 

m  - 

BE 

'-J 

-  a 
o  o 
g  a 

< 

>*  -  - 

•_  au 
o  « 
.  >  -— 

H   o  O 

°5  = 

c 

"5  9 

.Sffl 

.= 

o 

£ 

S 

ir.\r. 

Short  trial  

3.27 

1,000 

10-29 

46.81 

27 

2-4 

0 

0 

5.9 

1,500 

9-76 

45-71 

28 

2.0 

0 
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"  It  may  be  added  that  in  this  series  of  trials  the  fires  were  treated  on  the 
coking  system,  as  before,  and  that  in  some  cases  they  were  It  inches  thick,  in 

others   12  inches, and  in  i !•  inches— care,  liowever,  being  taken  in  quoting 

the  result  of  each  coal  thai  the  thickness  of  fire  should  be  the  same  in  the 
short  trials  as  in  the  long  so  that  tin-  comparison  is  a  correct  one. 

-  ich  is  a  very  brief  account  of  the  series  of  trials  of  the  South  Lancashire 

and  Cheshire  coals.     It  will  he   seen,   however,   that  these   coals    have   :i    high 
retire  value  combined  with  groat  speed,  some  of  them  as  returned  by  the 
Admiralty  officers — who  wer  'ate  ami  report — being  able 

to  evaporate  11.812.  of  water,  at  ;i  temperature  of  100  per  lb.  of  fuel  al  a  speed 
of  261b.  of  coals  consumed,  and  1.7  cubic  feet  of  water  evaporated  per  square 
foot  of  tire  grate  per  hour,  while  the  mean  or  the  fifteen  coals  tried,  gives  an 
evaporation  of  10.681b.  of  water  at  l<x>  per  lb.  of  fuel  at  a  speed  of  271b.  of  coal 
burnt  and  1-7  cubic  feet  of  water  evaporated  per  square  fool  of  fire  grate  per  hour. 
"Since  these  trials,  a  ;v  stated,  had  special  reference  to  the  suita- 

bility of  the  South  l  ind  Cheshire  coals   for  use  in   Her  Majesty's 

round  coal  ■■  i    u  ed  almost  entirely  sad  not  slack.    These  trials,  there- 

[  .   mil    exhaust    the   whole   subject   of    the  economy   of  fuel  with  regard  to 

mill  purpo  is  thonght   there  are  several  points  in  them  which  are  of 

and  thai  tho  circulation  of  information  with  regard  to  them 
will  prove  "■  .>  isistance  to  the  ordinary  »te  no  user.    It  is  of  interest  to  not 
the  free  burning  and  i    lis  of  this  district  were  burnt   in  these  trials 

with  the  entire  al  the  fainte  I    trace,  and   that  this 

w.i,  il  both   at  sea  and  oi  i  any 

,]  spear  'in  inied  by  tic 

little  air  through  the  fire  door,  foi  me  after  cha  bould 

he  :il  iat  the  economy  was  the  resnll  of  this  smokeless  system  ol  I 

and  "f  the  admission  of  air  throngh  the  Bra  door,  also  that  thiol  Bras  were  ion  ml 

to   be  in. ire   economical   than   thin,  ami  -den  I    I'm-     grates     than     long    num.   ami 

though  due  regard  must   be  baa  to  the  amount  of  steam  required, yet  it  is 
thought  the  fire  grates  in  ordinary  use  in  mill  boilers  arc,  as  a  rule,  too  long. 
[The  remainder  of  the  Tablet  will  h  given  h 
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The  Meeting  was  honoured  by  the  attendance  of  His  Excellency  Said 
Mahommed  bin  Salim,  Said  Ahmed  bin  Suleiman,  and  Hadji  Mahommcd 
Bakushmeer,  Special  Envoys  from  the  Sultan  of  Zanzibar  to  the  British 
Government.  In  welcoming  them  the  President  mentioned  that  Dr. 
Livingstone  had  been  aided  during  his  present  expedition  by  supplies  sent 
him  by  the  Sultan  of  Zanzibar.  The  following  Paper  was  read  -.— '  Travels 
in  Manchuria,'  by  the  Rev.  Alexander  Williamson.  The  author  gave  a 
description  of  this  little-known  region  lying  to  the  north-east  of  Chiua 
Proper,  and  which  lie  had  traversed  in  various  directions  during  the  years 
1S61,  1866,  1867,  and  1S68.  The  country  resembled  Canada  in  its  climate 
and  productions,  but  was  superior  to  it  in  mineral  wealth,  and  in  its  sea- 
ports in  the  Gulf  of  Liau-tung  being  open  all  the  year  round.  The  eastern 
side  was  very  mountainous,  the  slope  of  the  country  being  towards  the  west 
and  north,  in  which  latter  direction  How  its  great  rivers — the  Usuri,  the 
Sungari,  and  the  Hurka — -tributaries  to  the  Amur.  The  Shan-Alin  range, 
ou  the  east,  rises  to  a  maximum  altitude  of  12,000ft,  and  the  summits  are 
clothed  with  perpetual  snow.  The  rivers  in  the  southern  parts  are  generally 
frozen  over  by  about  the  20th  November,  and  are  not  navigable  again  before 
the  middle  of  March.  In  summer  the  temperature  varies  from  70°  to  90°; 
the  crops  ripen  in  a  few  months,  and  by  the  end  of  October  everything  is 
safely  housed.  The  bulk  of  the  inhabitants  are  Chinese  immigrants,  or 
descendants  of  immigrants,  from  the  northern  provinces  of  China.  They 
have  settled  in  all  the  principal  places,  and  the  present  Government  en- 
courages them  by  selling  them  land  at  nominal  prices,  so  that  tbe  immigra- 
tion iucreases  year  by  year.  The  Manchusare  generally  agriculturists,  and 
in  dress,  customs,  and  language  difficult  to  be  distinguished  from  the 
Chinese.  The  nomadic  propensity  in  the  Manchus  seems  to  have  died  out. 
Southern  Manchuria  contains  a  population  estimated  at  12,000,000  ;  Central 
Manchuria  has  from  I'.OOO.OOO  to  3,000,000.  Many  of  the  large  towns  are 
well  built,  the  streets  well  laid  out,  and  full  of  good  shops.  In  the 
capital  of  the  province  the  author  saw  several  large  booksellers'  shops, 
speaking  well  for  the  literary  tastes  of  the  people.  In  the  southern  parts 
the  Miinchu  language  was  but  little  cultivated.  Some  few  only  of  the 
more  aged  now  speak  it,  and  the  rising  generation  are  taught  from  Chinese 
books  in  their  schools.  In  some  places  youths  are  instructed  in  the  Manchu 
character  after  they  are  acquainted  with  Chinese,  but  such  instances  are 
rare.  Cotton  is  grown,  in  several  places,  in  considerable  quantities  ;  and 
common  coarse  silk  is  produced  in  great  abundance.  In  addition  to  these, 
indigo  and  tobacco,  besides  wheat  and  other  products  of  temperate  latitudes, 
are  grown.  The  mineral  wealth  is  great ;  coal  prevails  extensively  in  many 
parts  of  the  country  ;  one  of  the  chief  coal-districts  lies  on  the  north-east 
of  Laou-Yang.  Gold  is  found  on  the  east  coast  of  Southern  Manchuria, 
where  the  author  passed  over  a  district  of  gold-diggings  40  miles  in  length 
by  10  miles  broad.     Iron  is  also  very  abundant. 

Au  animated  discussion  followed  the  reading  of  the  paper,  in  which  Mr. 
J.  McLeavy  Brown,  Secretary  to  the  Chinese  Legation,  General  Sir  Hope 
Grant,  and  Mr.  VV.  Lockbart  took  part. 

The  following  gentlemen  were  elected  Fellows  of  the  Society  : — Henry 
Blanc,  M.D.;  VV.  Bowlyj  H.  Bright;  G.  P.  Bevan  ;  Hon.  P.  Bedingfeld'; 
W.  Clarke  ;  T.  T.  Carter  Lieut,  r.e.  ;  A.  Croll  ;  A.  A.  H.  Currie  ;  VV.  P. 
Dull';  John  Douglas  ;  W.  H.  M.  Dougall,  Capt.  E.N. ;  G.  W.  Davidson,  M.D., 
\r.  ;  Rev.  T.  A.  Edwards,  JI.a.j  Lieut. -Col.  G.  M.  B.  Farquharson  ;  A. 
Prater;  R.  H.  Glyn  ;  T.H  Holdicb,  Lieut.  B.E. ;  J.  Lawrie;  R.  P.  Linton  ; 
J.  L.  Lobley;  R.  .McLaren  ;  Major  V.  A.  Millingen  ;  Lord  Ormathwaite  ; 
P.  S.  Owden;  Lieut.  \V.  F.  Piideaux  (Bomb.  Staff  Corps);  H.  Rose; 
Major-Genera]  Sir  Charles  Staveley,  k.c.b.  ;  Major  R.  M.  Smith,  r.e.  ; 
J.  de  Salles;  C.  II.  Walker;  Rev.  T.  Whitby,  ji.'a.  ;  It.  II.  Wood  ;  Capt. 
J.  Wood  (late  I.N.). 


REVIEWS  AND  NOTICES  OF  NEW  BOOKS. 

\.  Civil  Engineer.. 


Personal  Recollections  gf  English  Engineers 
London  :    Iloddi  r  and  StOUgbton. 
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Seldom  have  we  mot  with  so  pleasant    a  book  as  these  personal  recollec- 
tions.   The  author,  who  baa  evidently  been  himself  employed  upon  many 
important  engineering  works,  has  thereby  come  in  contael  ■  ich  •• 
those  men  who,  bj   their  talent   and  energy,  raised  themselves  to  the 
highest,  eminence  in  the  profession.     In   being  constantly  iu  contact  with 

men  while  in   I  he  iniil-l   of  OKI  TJ  in  '■  OUl   some  ol   their  most   important 

takings,  tbe  author   bus  bod  the  bi  opportunities  for  ob- 

serving their  seal  character  and  pi' lie  eoting 

i  lieni.    These  observations  ami  anecdotes  the  author  b     now  embodied  in 

k  which  givi    most  plea  ml  reminiscences  of  Stephenson  and  others, 

now  In  \ i  the  reach  of  praise  or  attaok,  together  with  manj   well  known 

living  engineers,  who  are  often    earilj   r  their  pa 

pleasantly  delineated  in  words.     In  bh  where  unfavour- 

able features)  have  been  unavoidably  drawn,  the  author  hs  lerly 

so  disguised  that  not  even  his  Intimate  friends  Would  know  him. 
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NOTES  AND  NOVELTIES. 


MISCELLANEOUS. 

Mechanical  Industry  in  Italy. — One  of  the  most  important  mechanical  establish- 
ments in  Southern  Italy  is  that  of  Pietzarsa,  at  Naples,  belonging  to  the  Societa  delle 
Industrie  Meccaniche.  These  works  employ  about  1250  persons,  and  are  furnished  with 
300  machine  tools  driven  by  nine  steam  engines,  amounting  in  all  to  88-horse  power. 
At  this  establishment  they  make  locomotive  carriages  and  every  description  of  railway 
plant,  iron  bridges,  boilers,  cranes,  pumps,  war  material,  and  marine  engines  up  to  500- 
horse  power. 

Experiments  on  Gunpowder.— A  series  of  experiments  on  gunpowder  is  at  present 
being  carried  out  at  Woolwich  by  the  Ordnance  Select  Committee  with  the  new 
chronoscope  for  measuring  the  velocity  of  projectiles  within  the  bore  of  the  gun,  invented 
by  Captain  A.  Noble,  late  of  the  Eoyal  Artillery.  The  results  hitherto  obtained  are 
preliminary,  but  have  been  attended  with  great  success.  The  instrument  has  proved 
itself  capable  of  measuring  the  hundred-thousandth  part  of  a  second  with  great 
accuracy. 

The  Board  of  Trade  returns  for  the  ten  months  ended  the  31st  October  show  that  the 
total  amount  of  exports  from  the  United  Kingdom  during  that  period  was  £150,681,161, 
against  £153,051,639  in  1867,  showing  a  decrease  of  £2,370,478.  The  import  returns, 
which  are  only  brought  down  to  the  end  of  September,  show  an  important  increase,  not 
only  upon  thoseof  all  the  previous  months  of  the  year,  but  also  upon  the  corresponding 
periods  of  1866  and  1867.  The  total  value  amounted  to  £23,386,646,  which  was  upwards 
of  three  millions  sterling  in  excess  of  the  value  recorded  in  August. 

The  arrangements  for  the  purchase  of  the  telegraphs  by  the  Government  are  being 
actively  carried  on,  and  a  Commission  appointed  by  the  Accountant-General  has  nearly 
concluded  the  inquiry  into  what  the  net  profits  of  the  companies  really  are.  A  complete 
collection  of  the  instruments  used  has  been  arranged  in  the  library  of  St.  Martin's-le- 
Grand.  It  is  said  to  be  a  most  interesting  display,  and  one  which  shows  in  a  remark- 
able manner  the  vast  progress  which  has  been  made  since  the  first  application  of 
electricity  to  the  purpose  of  telegraphy. 

Cotton  in  Queensland. — A  Brisbane  paper  says  :  "There  is  a  growing  impression 
that  this  staple  is  one  of  the  safest,  if  not  the  most  remunerative,  that  Queensland 
growers  can  invest  in.  Confidence  is  felt  in  the  crop  as  experience  is  gained,  and  it  is 
found  that,  instead  of  5  or  6  acres,  a  family  can  manage  20  or  30.  There  is  much  ■uncer- 
tainty in  the  colony  on  the  best  methods  of  ginning.  English  brokers  have  represented 
that  the  Queensland  staple  is  cut  and  broken  in  the  ginning  process,  and  recommend 
roller  instead  of  saw  gins.  Experienced  men  in  the  colony,  who  know  how  cotton  is 
turned  out  in  America,  India,  and  elsewhere,  maintain  that  the  picking,  sorting,  and 
ginning  of  Queensland  cotton  is  remarkably  well  done,  and  that  the  fault  of  irregular 
staple  is  owing  to  the  mixed  seed  used  in  the  colony,  and  that  the  gins  break  it  here  no 
more  than  they  do  in  other  countries." 

Glass  Works  in  the  Neapolitan  Provinces. — The  manufacture  of  glass  in  the 
Neapolitan  provinces  has  of  late  years  fallen  off  considerably,  owing  to  the  proprietors 
not  being  willing  to  keep  pace  with  the  times,  and  not  having  introduced  modern  im- 
provements in  this  branch  of  trade.  The  most  important  glass  works  in  the  provinces 
of  Naples  and  Salerno  are  thoseof  Portica  San  Giorgio,  near  Cremano,  andBagnoli; 
these  establishments  employ  232  workmen,  and  produce  annually  about  30,000  metrical 
quintals  of  sheet  glass.  At  the  Portici  works  a  Siemens  furnace  has  been  lately  intro- 
duced ;  the  other  works,  however,  have  not  yet  abandoned  the  old  fashioned  fur- 
naces. 

The  new  system  of  working  hours  directed  by  the  Admiralty  tor  adoption  in  the  royal 
dockyards  came  into  operation  at  Sheerness  on  the  1st  inst. 

An  order  for  hydraulic  apparatus  of  the  value  of  about  £8,000  has  been  given  out  to 
Messrs.  W.G.  Armstrong  and  Co.,  of  Newcastle-on-Tyne  ;  the  apparatus  is  required  for 
docks  at  Antwerp.  The  Cockerill  Company  is  stated  to  have  delivered  a  lower  tender, 
but  the  contract  was  let  to  Messrs.  Armstrong,  as  it  was  considered  that  they  would  be 
able  to  proceed  with  it  more  expeditiously. 

New  Gas  Lamp.— A  new  lamp,  of  French  invention,  is  thus  described : — Coal  gas,  in- 
timately mixed  with  air,  is  urged  with  gentle  pressure  along  a  tube,  and  made  to  pass 
through  a  metallic  plate  pierced  full  of  minute  holes.  By  this  means  a  vast  number  of 
jets  are  obtained,  which,  after  being  driven  through  a  fine  tissue  of  platinum  wire,  are 
lighted  in  the  ordinary  way.  The  platinum  soon  acquires  a  white  heat,  and  gives  out  so 
brilliant  a  light  that  it  cannot  be  supported  by  the  naked  eye.  About  one  metre  of  gas 
is  consumed  per  hour. 

MILITARY  ENGINEERING. 

Me.  A.  M.  Stevens,  of  Owen  Sound,  Canada,  has  an  improved  Snider  breech-loading 
rifle,  which  is  now  being  exhibited  at  Montreal,  in  which  the  motions  are  reduced  to 
three — cocking,  loading,  and  firing.  It  is  said  to  be  capable  of  discharging  40  rounds  a 
minute. 

SHIPBUILDING. 

Steam  Shipbuilding  on  the  Clyde. — Messrs.  Tod  and  M'Gregor,  of  Paitick,  ha7e 
launched  a  screw  named  the  City  of  Brooklyn,  built  for  the  Liverpool,  New  York,  and 
Philadelphia  Steamship  Company.  The  dimensions  of  the  City  of  Brooklyn  are  as 
follows :— Length  over  all,  370ft. ;  breadth,  42fD. ;  depth,  28ft.  6in.;  and  burden,  3,000 
tons,  builders'  measurement.  The  steamer  will  be  propelled  by  horizontal  direct-acting 
surface-condensing  engines  of  450-horse  power,  nominal,  working  up  to  2,000-horse 
power.  The  Hibernia,  recently  lost  on  her  passage  from  New  York  to  Glasgow,  was 
built  at  Glasgow,  in  1865,  by  Messrs.  Alexander  Stephens  and  Sons.  Her  gross  burden 
was  1,616  tons,  and  her  engines  were  of  350-horse  power.  She  was  owned  by  Messrs. 
Handyside  and  Henderson  and  was  one  of  the  well-known  Anchor  line  of  steamers. 

Iron  Shipbuilding  at  the  Tees  and  at  Hartlepool. — At  Stockton,  Messrs. 
Eichardson,  Duck,  and  Co.,  have  in  hand  one  sailing  ship  1,367  tons  register,  dimensions 
210ft.  long,  37ft.  beam,  and  23ft.  in  depth;  one  screw  steamer  1,050  tons,  dimensions  220ft. 
by  16ft.  6in. ;  one  screw  steamer  1,203  tons,  dimensions  240ft.  by  32ft.  by  19ft.  6in. ;  one 
screw  steamer  1,400  tons,  dimensions  208ft.  by  32ft.  by  20ft. ;  one  screw  steamer  461  tons, 
dimensions  165ft.  by  24ft.  by  i4ft. ;  two  barges  68  tons  each,  dimensions  75ft.  by  20ft.  by 
6ft. ;  one  barge  97  tons,  dimensions  90ft.  by  15ft.  by  7ft.,  making  a  tonnage  of  5,846  tons. 
Messrs.  Pearse  and  Co.,  Stockton  have  the  following  vessels  on  hand : — One  screw  steamer 
210ft.  by  30ft.  by  22ft.  6in.,919  tons,  135-horse  power,  sold  to  Antwerp;  one  barque  105ft. 
by  21ft.  by  14ft.  277  tons,  for  Bilhoa ;  one  sailing  ship,  185ft.  by  30ft.  6in.  by  19ft.  6in. 
824  tons,  for  Liverpool.  Messrs.  Denton.  Gray,  and  Co.,  Hartlepool,  are  building  an  iron 
sailing  ship  900  tons  register,  four  steamers  of  700  tons  each,  and  one  steamer  of  600 
tons.  During  the  present  year,  the  same  firm  have  launched  one  iron  sailing  ship  500 
tons,  one  composite  do.  700  tons,  three  steamers  700  tons  each,  one  steamer  935  tons,  and 
one  steamer  600  tons. 


Steam  Shipbuilding  on  the  Clyde. — The  Deccan  screw,  the  latest  addition  made  to 
the  fleet  of  the  Peninsular  and  Oriental  steam  Navigation  Company,  has  made  a  favour- 
able trial  trip.  She  was  built  by  Messrs.  W.  Denny  and  Brothers.  Messrs.  Caird  and 
Co.  have  contracted  to  build  for  the  North  German  Lloyd  two  large  screws  of  300ft.  in 
length,  with  engines  of  350-horse  power.  Messrs.  M'Nab  and  Co  have  also  contracted 
to  build  a  screw  of  1,200  tons  for  a  Liverpool  firm. 

Steamship-Building  Contracts. — Messrs.  Caird  and  Co.  have  completed  negotiations 
for  a  contract  to  build  and  engine  two  large  steam  liners  for  the  North  German  Lloyd's, 
for  the  trade  between  Bremen  and  Baltimore.  The  ships  will  be  about  2,300  tons  and 
350  h.p.  These  make  in  all  17  steam- ships  constructed  for  this  company  by  the  same 
builders,  who  have  likewise  built  14  steamers  for  the  Hamburg  American  Company. 
Messrs.  M'Nab  &  Co.  have  contracted  with  a  Liverpool  firm  to  build  a  screw  steamer 
of  1,200  tons.    She  will  be  fitted  with  compound  high  and  low  pressure  engines. 

STEAM  SHIPPING. 

The  S.S.  "City  of  Limerick." — This  vessel,  belonging  to  the  London,  Belgium, 
and  River  Plate  Royal  Mail  Steamship  Company,  has  been  just  remodelled,  her  hull  length- 
ened thirty  two  feet  amidships,  and  her  machinery  and  boilers  overhauled  and  regulated 
according  to  the  most  approved  system,  by  the  enterprising  shipbuilders  Messrs  Walpole, 
Webb,  and  Bewley,  Dublin. 

Quick  Passage  prom  Australia. — The  celebrated  steam  ship  Great  Britain 
arrived  in  the  Mersey  on  December  the  5th  from  Melbourne,  having  accomplished 
the  passage  from  port  to  port  in  fifty-three  days.  This  is  the  fastest  run  ever 
made. 

LAUNCHES. 

Some  very  interesting  important  trials  with  an  improved  steam  launch,  built  and 
fitted  with  machinery  specially  intended  to  remedy  a  very  serious  defect  existing  in  all 
such  boats  hitherto  supplied  to  the  ships  of  Her  Majesty's  navy  have  just  been  concluded 
at  Portsmouth,  under  the  superintendence  of  the  officials  of  the  Steam  Reserve  and 
Factory,  and  reported  upon,  for  the  information  of  the  Controller's  Department  and  the 
Board  at  Whitehall.  The  objectionable  feature  in  the  steam  launches  now  attached  to 
Her  Majesty's  ships  is,  the  noise  made  by  the  exhaust  steam,  which  can  be  heard  at  a 
considerable  distance  from  the  boat,  and  which  renders  them  unfit  for  the  most  impor- 
tant of  all  the  duties  they  could  be  called  upon  to  perform  upon  an  enemy's  coasts  in 
time  of  war ;  for  instance,  in  cutting  out  or  reconnoitring  expeditions.  The  new  steam 
launch  which  has  just  been  subjected  to  these  experimental  trials  at  Portsmouth  has 
been  designed  and  built,  both  hull  and  engines,  by  John  Samuel  White,  of  East  Cowes, 
Isle  of  Wight,  who  has  already  built  and  supplied  to  the  Royal  Navy,  to  Admiralty  order, 
a  number  of  steam  launches  and  cutters  constructed  on  his  lifeboat  principle.  The 
main  object  kept  in  view  in  the  design  of  the  new  boat  has  been  to  render  her  machinery 
as  noiseless  as  possible  when  under  steam ;  and,  secondly,  to  obtain  such  accommodation 
for  officers  and  crew  and  storage  of  fuel,  water,  &c,  in  a  boat  only  35ft.  long  and  9ft. 
beam,  as  to  make  her  available  for  any  service  entailing  a  lengthened  absence  from  the 
ship  to  which  she  might  be  attached.  The  depth  of  the  boat  is  4ft.  4in.  She  is  decked 
over  from  forward  to  the  stern-sheets,  where  there  is  open  sitting-room  for  half-a-dozen 
people,  in  addition  to  the  helmsman.  From  this  there  is  an  entrance  to  the  main  cabin, 
under  the  deck,  which  is  6ft.  long,  fitted  with  two  good  sofas  available  as  sleeping  berths 
at  the  sides,  tables,  and  washstands  on  falling  brackets,  and  ample  store-lockers  under 
the  sofas  and  round  the  sides  lor  provisions,  &o.  Next  this  cabiu  is  a  good-sized  steward's 
pantry  and  watercloset.  Forward  of  these  is  the  engine  and  boiler-room,  with  coal 
bunkers,  &c.  The  engines  drive  a  single  screw,  the  cylinders  having  a  diameter  of  6iin, 
with  a  6in,  length  o(  stroke,  nominal  power  being  3-horse.  The  coal  bunkers  stow  IScwt. 
of  coal,  or  sufficient  for  three  days'  consumption  under  full  steam.  Forward  of  the 
engine-room  and  of  all  is  the  forecastle,  which  gives  ample  accommodation  for  two  or 
three  men,  with  cooking  galley,  &c.  A  couple  of  masts  carry  fore  and  att  sails,  and  with 
all  her  weight  and  crew  on  boaid  the  boat's  draught  of  water  is  2ft.  6in.  aft,  and  2ft.  2in. 
forward.  The  mean  speed  of  the  boat  is  7\  knots.  The  trials  made  with  the  boat  at  Ports- 
mouth were  considered  by  the  officers  conducting  them  as  having  been  most  satisfactory, 
the  machinery  of  the  boat  having  made  scarcely  any  perceptible  noise  when  driven  at 
its  highest  speed,  with  no  priming  in  the  funnel,  and  with  a  perfectly  equal  draught  in 
the  furnace.  The  official  report  of  the  trials  contains  a  recommendation  that  all  steam 
pinnaces,  launches,  or  cutters  in  future  supplied  to  the  navy  should  be  fitted  on  the  same 
noiseless  principle  as  the  boat  sent  for  trial  by  Mr.  White.  In  making  this  great  improve- 
ment in  rendering  boats'  machinery  all  but  noiseless  in  its  action,  Mr.  White  makes  use  of 
one  of  the  four  copper  side  compartments  with  which  the  boat  is  fitted  as  a  steam  chamber 
into  which  he  carries  the  exhaust  steam  from  the  cylinders,  and  whence,  it  is  conveyed 
by  a  pipe  into  the  smokebox.  A  perforated  diaphrgm  strengthens  this  chamber  and 
separates  the  steam.  The  boats  fitted  with  steam  machinery,  and  supplied  to  Her 
Majesty's  ships,  have,  on  an  average,  the  following  dimensions  :— Steam  launches  of  the 
old  or  general  description — length,  42ft. ;  breadth,  lift.  6in. ;  depth,  3ft.  9in.  White's 
lifeboat  steam  pinnaces— length,  37ft.;  breadth,  8ft.;  depth,  4ft.  2in.  White's  lifeboat 
steam  cutters— length,  23ft.  5in.;  breadth,  7ft.  2in. ;  depth,  3ft.  2in. 

On  Wednesday  December  2nd  the  first  armour-plated  war  vessel  built  on  the  Tyne 
for  the  Government,  the  Cerberus,  was  launched  from  the  building-yard  of  Messrs. 
Palmer  and  Co.,  Jarrow.  She  is  intended  for  the  colonies,  and  was  designed  by  Mr.  Reed, 
the  Chief  Constructor  of  the  Navy. 

Messrs.  Schlesinger,  Davis  and  Co.,  recently  successfully  launched  from  their  iron 
shipbuilding-yard  at  Walls  end,  near  Newcastle-on-Tyne,  a  screw  steamer,  intended  for 
the  cattle  trade  between  Sweden  and  London.  She  is  fitted  with  a  hurricane  deck,  capa- 
ble of  stowing  150  head  of  cattle,  with  all  requisite  appliances  for  feeding,  watering  &c, 
combined  with  perfect  ventilation.  She  also  has  accommodation  for  50  passengers.  The 
dimensions  are : — 209ft.  in  length,  28ft.  6in.  in  breadth,  and  16ft.  2in.  depth  of  hold.  She 
is  engined  with  two  40in.  cylinders,  surface  condensing  engines,  equal  to  100  nominal 
horse-power,  by  Thompson,  Boyd,  and  Co.,  of  Newcastle.  This  vessel  has  been  built 
under  Lloyd's  special  survey  for  A  over  B  1  classification.  The  steamer  was  named  the 
Brins  Oscar. 

Shipbuilding  in  Italy. — At  Leghorn  the  iron  steamer  Messina,  belonging  to  Messrs. 
Danovaro  and  Co.,  has  been  lengthened  50ft.  in  the  yards  of  Messrs.  Oriondo,  and  she 
was  launched  a  few  days  ago.  The  same  builders  are  constructing  a  plated  vessel  (the 
Coppellna)  for  the   Italian  Government. 

TELEGRAPHIC  ENGINEERING. 

Thebe  are  in  the  United  Kingdom  90,668  miles  of  telegraph  wire  for  public  use,  and 
4,969  miles  of  wire  used  for  the  purposes  of  railway  companies  only.  The  number  of 
miles  of  posts  and  underground  lines  constructed  is  21,751  open  to  the  public,  and  285 
used  for  railwav  purposes  only;  the  average  number  of  wires  per  mile  is  4'16.  There  are 
4,695  miles  of  submarine  telegraph  cables  (of  course  including  the  Atlantic  cables)  con- 
nected with  places  in  the  United  Kingdom,  and  8146  miles  of  wire ;  the  average  number 
of  these  wires  per  mile  is  1.73.    There  are  3,381  telegraph  stations  open  to  the  public. 
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RAILWAYS. 

The  SorTHBBir  Railwat  Company  or  Italy  has  just  bought  a  mansion  at  Brindisi, 
which  is  to  be  converted  into  a  magnificent  hotel  for  the  accommodation  of  travellers. 
The  company  has  also  resolved  to  establish  a  line  of  steamers  between  Brindisi  aid 
Bombay,  by  which  the  passage  will  occupy  twenty  days,  or  four  less  than  by  Marseilles, 
at  a  saving  of  about  £12  per  head  for  each  passenger. 

The  Duke  oe  Sutherland  has  decided  to  extend  the  Sutherland  Railway  from 
Golspie  to  Helmsdale  at  his  own  expense.  The  distance  is  eighteen  miles,  and  the  cost 
cannot  be  much  under  £100,000. 

\>-  important  series  of  experiments  were  made  ashort  time  ago  on  the  North  Eastern 
Railway  system,  with  a  view  of  testing  various  methods  of  communication  between 
passengers,  guards,  and  drivers,  which  have  been  devised  in  view  of  the  adoption  of  one 
^eneraF system  in  April  next,  when  a  provision  of  the  kind  becomes  compulsory  on  rail- 
way companies.  The  results  of  the  observations  will  lead  to  a  conference  with  the 
different  manasers,  and  form  the  basis  of  a  suggestion  to  the  Board  of  Trade  for  a 
uniform  system  of  signalling  in  passenger  trains. 

The  total  number  of  passengers  carried  in  1S67  by  the  British  railways  was  287,63S,113- 
of  which  137,262,108  were  third-class  and  Parliamentary,  77,700,297  second-class,  and 
31 725,708  first-class.  Loss  of  life  occurred  to  209  persons,  and  injuries  to  795  others, 
being  a  slight  decrease  in  the  deaths,  but  an  increase  of  161  in  the  injuries  over  those  of 
the  vear  1866.  Onlv  a  small  proportion  of  the  entire  number  of  deaths,  namely  19,  relate 
to  passengers  from'  accidents  to  trains,  though  699  are  returned  as  injured  from  this 
cause.  Seventeen  deaths  of  passengers  are  reported  from  carelessness  in  last  year  and 
no  less  than  ninety  fatalities  to  the  companies'  servants  from  similar  negligence  or  in- 
discretion. Fifty-one  deaths  also  arose  from  persons  trespassing  on  the  lines  of  rails,  aud 
six  from  suicides. 

Thb  New  Tork  Tribune  states  that  the  Emperor  of  Russia  has  sent  two  civil  engineers 
to  the  United  States,  who  are  to  examine  the  operation  of  Pacific  and  other  great  railways 
in  that  country.  "  The  Emperor,"  the  Tribune  adds,  "  contemplates  building  a  railroad 
from  China,  across  Asia,  to  the  capital  of  Russia,  his  purpose  being  to  prevent  the 
United  States,  with  its  railroads  and  steamships,  from  monopolising  the  whole  China 
trade." 

Thb  HAMsrERSMiTH  isi)  RicnMOXD  Railway.— The  new  line  of  railway  from  Ham- 
mersmith to  Richmond,  connecting  the  metropolitan  system  with  the  various  suburban 
lines  of  the  South- Western,  was  opened  for  public  traffic  on  the  1st  of  this  month. 

TnK  Waterloo  Jcnctioit  Station  ox  the  CnAnixG-CBOSS  Line. — This  commodious 
station  has  just  been  opened  forthe  reception  of  the  South-Western  traffic.  The  booking- 
office  and  waiting-rooms  for  the  general  public  are,  as  at  the  Blackfriars  station,  on  the 
ground  level,  under  the  platforms.  Although  as  commodious  as  the  offices  and  rooms  at 
Blackfriars  station,  they  are  more  compact  and  comfortable,  and,  on  the  whole,  better 
contrived  as  regards  plan,  and  of  superior  finish  in  detail.  The  platforms,  and  especially 
their  roofs,  are  a  decided  improvement  upon  the  Blackfriars  station.  The  platform  on 
the  north  Fide  of  the  s'ation  is  532ft-  long  by  18ft.  width ;  201ft.  of  this  length  is  covered 
forthe  full  width  of  the  platform.  The  central  platform,  which  will  be  available  for 
trains  in  each  direction  is  -135ft.  long  and  18ft.  wide,  of  which  200ft.  is  covered  from 
edge  to  edge.  Both  of  these  stages  are  upon  the  viaduct,  which  has  been  widened  for 
the  northern  platform.  The  southern  platform,  for  the  use  of  the  South- Western  passen- 
gers, extends  from  tin- junction  of  the  curved  single  line  which  unites  the  Charing-cross 
One  and  the  South- Western  system  to  the  end  of  the  Waterloo  platform.  This  junction 
will  not  be  used  for  ordinary  passenger  traffic,  but  for  the  Royal  Family,  for  tioop  trains, 
throuirh  goods,  horse-boxes,  invalids,  and  other  special  purposes.  This  platform  is 
337ft.  long  and  15ft.  wide,  and  under  cover  the  entire  length.  A  booking-office  is  pro- 
vided on  the  platform  for  the  convenience  of  the  South- Western  passengers.  At  the 
janction  end  there  is  an  inclined  plane,  which  leads  to  a  subway  under  the  line  by  which 
passengers  will  reach  the  platform  stairs,  and  obtain  access  to  the  trains,  which  will  stop 
to  pick  up  passengers  for  Charing-cross,  Cannon. street,  or  other  stations  of  the  South- 
Eastern  system,  and  interchange  traffic  with  the  South- Western. 

Railways  ik  Hcvoary.— A  Hungarian  railway  company,  for  which  the  concession 
has  been  granted  to  Waring  Brothers,  is  shortly  to  be  introduced  in  Paris  and  Vienna, 
with  a  capital  of  £3,000,000. 

A  Coircissiox  of  a  new  group  of  lines,  to  be  known  as  the  Western  of  Hungary  has 
been  granted  by  the  Hungarian  Government  to  a  eonxortium,  or  coterie  of  capitalists, 
comprising  the  Hungarian  Credit  Mobilier,  the  Duke  of  Modena,  Prince  Bathyaui,  and 
Count  St.  Ertody,  with  whom  are  associated  Herr  Weikerscheim,  a  contractor. 

It  appears  from  a  parliamentary  return  that  the  railway  companies  of  the  United 
Kingdom  hold  more  than  289  square  miles  land  ;— 2132  in  England  and  Wales,  38'5 
in  Scotland,  and  thirty-eight  in  Ireland.  The  quantity  is  one  acre  of  every  273  in 
England  and  Wales,  one  of  813  in  Scotland,  one  of  every  853  in  Ireland;  or  taking  the 
United  Kingdom  as  a  whole,  one  of  121  acres.  The  total  is  equal  to  12.32  acres  per 
lineal  mile  of  railway,  or  an  average  width  of  land  of  102ft.  for  every  railway. 

DOCKS,  HARBOURS,  BRIDGES. 

Phoobbbs  or  TnB  Scbz  Cahal.— From  the  16th  of  October  to  the  15th  of  November 
2,090,000  cable  metres  were  excavated  ;  about  17,000  men  are  now  employed  upon  the 
un  Icrtaking,  and  sixty  dredging  machines  are  engaged  night  and  day.  Of  the  65,000,000 
enbic  metres  which  had  at  first  to  be  excavated  only  20,000,000  remain,  so  that  there  is 
less  than  ten  months  of  work  now  to  be  done. 

MINES,  METALLURGY,  &c. 

LL  tx  JArAlT.— Japan  furnishes  coal  in  abandonee  foi  the  lap  ply  of  the  large  fleet 
or  steamers  now  |,o-  ., .,  ,<  .1  by  the  Japanese  ;  and  coal  is  exported  in  large  quantities  to 
Bhughae,  where  it  finds  a  ready  sale  when  English  coal  cannot  be  obtained. 

jTnconsamptl  In  Italy  at  tbe  present  time  la  estimated  al  upwards  of  eight 

millions  of  tons  per  annum,  of  the  value  of  300,000,000  francs  (£14,400,000)  the  average 
being  15  fran    i, 

Accorbiitb  toil      i mis  from  the   Pennsylvania  oil  try  had 

made  of  a  r  tl\y  reachi 

inlly  opportune  circumstance,  sinco  during  the  ar  there  has  h 

revival  in  the  demand,   with   a  gradually    diminishing   supply    from   most  Of  the  old 

APPLIED  CHEMISTRY. 

Alvmixivm  Bbovzi.— A<  the  meeting  of  the  a.oademy  of  Sciences  at  Paris  on  thi 

ol  Movomber,  the  Coont  of  St.  Cricq-Cazeani  proposed  t r«r  the  worn 

Inron  in  the  Place  Vendome  with  thlt  bronze.     M.  Dames 

approved  of  the  idea,  and  reminded  the  meeting  h  rally  this  bronze  wt.  non 

'  i"   van. his  kinds  of  i hanlsm,  especially  in  saws  driven   by  steam  power 

wblch  saws,  although  much  thinner,  lasted  a  much  longer  time  than  thoso  of  steel.        ' 


LATEST   PRICES   IN   THE  LONDON  METAL   MARKET. 


COPPER. 

Best  selected,  per  ton    

Tough  cake  and  tile  do 

Sheathing  and  sheets  do 

Bolts  do 

Bottoms  do 

Old  (exchange)  do 

Burnt  Burra  do 

Wire,  per  lb 

Tubes  do 

BRASS. 

Sheets,  per  lb 

Wire  do 

Tubes  do 

Yellow  metal  sheath  do 

Sheets  do 

SPELTER. 

Foreign  on  the  spot,  per  ton     

Do.  to  arrive  

ZINC. 
In  sheets,  per  ton 

TIN. 

English  blocks,  per  ton 

Do.  bars  (in  barrels)  do 

Do.refineddo 

Bancado 

Straits  do 

TIN   PLATES* 
IC.  charcoal,  1st  quality,  per  box    . 

IX.  do.  1st  quality  do 

IC.  do.  2nd  quality  do 

IX.  do.  2nd  quality  do 

IC.  Coke  do 

IX.  do.  do 

Canada  plates,  per  ton 

Do.  at  works  do 

IRON. 

Bars,  Welsh,  iu  London,  per  ton    . 

Do.  to  arrive  do 

Nail  rods  do 

Stafford  in  London  do 

Bars  do.  do. 

Hoops  do.  do 

Sheets,  single,  do 

Pig  No.  1  in  Wales  do 

Refined  metal  do 

Bars,  common,  do 

Do.  mrch.  Tyne  or  Tees  do 

Do.  railway,  in  Wales,  do 

Do.  Swedish  in  London  do 

To  arrive  do 

Pig  No.  1  in  Clyde  do 

Do.  f.o.b.  Tyne  or  Tees  do 

Do.  No.  3  and  4  f.o.b.  do 

Railway  chairs  do 

Do.  spikes  do 

Indian  charcoal  pig  in  London  do. 

STEEL. 

Swedish  in  kegs  (rolled),  per  ton.... 

Do.  (hammered)  do 

Do.  in  faggots  do 

English  spring  do 

<,m  I.  ic-ii,\  kb,  per  bottle 

LEAD. 

English  pig,  common,  per  ton 

Ditto,  L.B.  do 

Do.  W.B.  do 

Do.  sheet,  do 

Do.  red  lead  do 

Do.  white  do 

■  •lit  shot  do 

Spanish  do 
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THE  ARTIZAN. 


[January  1,  1869. 


LIST  OF  APPLICATIONS  FOR  LETTERS 
PATENT. 

Wb    HAVE     ADOPTED      A     NEW     ARRANGEMENT     OF 

the  Provisional  Protections  applied  tor 
by  Inventors  at  the  Giikat  Seal  Patent 
Office.  If  an?  difficult?  should  arise 
with  referrncb  to  the  names,  addresses, 
or  titles  given  in  the  list,  thh  requi- 
site information  will  be  furnished,  free 
of  expense,  from  the  office,  by  addre9sino 
a  letter,  prepaid,  to  thk  editor  of 
"  Thk  Artizan." 

Dated  November  17  th,  1868. 

3188  J.  Jones  and  S.  P.  Bidder— Apparatus  for 
breaking  down  coal.  fee. 

3489  H.  A.  Bonneville— Instrument  for  prognosti- 
cating- the  weather 

34{J0  R.  Green— Means  of  covering1  telegraph  wires 
employed  under  water 

3491  G.  H.  Wilson — Securing  or  fastening-  window 
flashes 

3492  G.  Maiquis  of  Montrichard — Machinery  for 
transmitting1  mutton,  &c. 

3493  J.  K.  H.  Harris  and  T.  Lumley— Chimney 
pots 

3484  L.  M.  Pre witt— Stays  or  bodices 
3495  W.  R.  Lake— Improved  bayonet 
349b'  W.  Mansfield  —  Kilns  and  drying  chambers 

3497  A.  Clark— Machine  for  making  ginger,  &c. 

3498  H.  A.  Kehde — Apparatus  for  working  railway 
signals,  &c. 

3499  C.  Richardson— Looms 

Dated  Novrmbkr  18th,  18G8. 

3500  J.  M.  Pritchard— Fountain  penholder. 

3501  C.  \V.  Siemens — Fastening  telegraphic  line 
wires 

3502  W.  P.  Nash— Postal  boxes 

3503  C.  E.  Brooman — Composition  for  oiling-  or 
greasing  wool 

3504  F.  O.  Ward,  W.  Ibotson,and  A.G.  Southby— 
Drving  down  alkaline  solutions 

3505  M.  Wilkin  and  J.  Glark— Improvements  in 
mining 

3500  A.  McDougall— Phosphatic  manures,  &c . 
3507  A.  W.  Draveon— Coohog  wort,  &.c. 
3503  B.  Bell— Affixing  sheathing  to  iron  ships 

3509  W.  L.  Groundwatee — percussion  caps  of  cart- 
ridges, &c. 

3510  W.  T.  Bassett  —  Washing  sheep  and  other 
animals 


Dated  November  19ih,  1868. 

3511  H.  D.  Hoskold  and   G.  P.  Wheeler— Artificial 
fuel 

3512  G.  V   Fosbery,  V  C-  Breech  loading  firearms, 
&c, 

3513  S.  Crichton  and  J.  Taft — Apparatus   for  grind- 
ing1 cards,  &c. 

3514  W.  Thompson—  Packing  bottles 

3515  C.  D   Abel — Manufactuie  of  amorphous  phos- 
phate, &c. 

3510  H.  Carrigg — Manufacture   of    tribustic   phos- 
phate of  lime 
3517;  W.  Avervand  A.  Fenton- Needle  cases 

3518  T  G.  Webb— Tumblers,  &c. 

3519  D.  Jones  and  J.Jackson — Imparting    heat    to 
the  feet,  &c. 

3520  J,  McG rath— Shirts 

3521  J.  Green— Rope,  &e. 

Dated  November  20th,  1863 

3522  E.  H.  Bailey— Improvement    in   carts   for   the 
removal  ofsnnw,  &tc. 

3523  J.  McGlashan — Untwisting  ropes 
3554  J.  D.  Hopkins — Window  sashesj 

3525  D.  Burns — chemical  compounds 

3526  A.  Guthrie— Ploughs 

3527  A.  Leykauf— colouring1  matter       -.     '; 

3528  B.  Britten— Fishing  rods 

3529  F.  D-  Sutherland— Cravat  holder 

3530  W.  Brookes— Fabric  in  lace  machinery 

3531  H.  B,  Cowell— Apparatus   for  distribution   of 
water,  &c. 

3532  W.  R.  Lake — Reciprocating  saws 

3533  G.  Eguilon-Suspending  bells 

3534  C.  Descat  and  H.  Guillaume— Fixing  colours 
on  textile  fabrics 

3535  A.  V.  Newton — Sewing  needles 

Datbd  November  21st,  1868. 

3536  W.  R.  Lake— Baling  chopped  hay,  &c- 

3537  J.  G.  Toi.gue— Yarns  for  weaving,  &c. 

3538  J.  Scholes  and  J.  Leach — Wool  to  carding  en- 
gines, &o. 

3539  C.    D.   Abel— Tobacco    pouch    and    cigarette 
former 

3540  C.  Smith  and   J.   Macfarlane — Washing-    ma- 
chines 

3541  C.   E.  Brooman— Gas  for  flighting  and  heat- 
ing 

3542  J.  Sims — Ornaments  to  woven  fabrics 

3543  I.  B.  Hams— Driving  bands 

3544  C.  J.  Foster — Transverse  reciprocating  motions 
of  the  cutting  bar  in  reaping,  &c. 

Dated  November  23rd,  1868. 

3545  F.  W.  Webb— Steam  hammers 

3546  W.  loglis — Steam  engines 

3547  J.  M»ngnall— Chairs.  &c. 

3548  J.  Bowden,  M.  N.   Mills,   and  B.  R.   Mills- 
Carding  engines 

3549  W.  La  Penotiere— Construction  of  lock 

3550  I.  Hudson — Improved  condenser  for  steam  en- 
gine 

3551  E.  T,  Hughes — Improvements  in  presses   for 
compressing 

3562  J.  Howilson — Sleeping1  berths  for  railway  car- 
riages 
3554  C.  Crabtree  and  J.  Still— Paper  tubes 


3554  B.  Newnham  and  B.  T.  Newnham — Steps  to 
carriages 

3555  W .  H.  Iboett — Apparatus  for  induelug  motion 
in  mobile  substances 

3556  W.  A.  Lytrie— Improvements  in  electro  tele- 
ffredhic  apparatus 

3557  J.  Sturrnck— Metallic  caps 

3558  C.  Mont.igu— Pianofortes,  &c. 

3569  A.  V.  Newton— Dressing  millstones 

3560  W.  E.  Newton — Improvements  in  the  manu 
facture  of  felted  fabrics 

3561  J.  R.  SwEinu-  Improvements  in  burning  lime 

3562  T.  Smith,  M.D.,  and  J.  Vau  N.  Bazalgetre— 
Manufacturing  manures  from  sewage  and  other 
foul  wateis 


3564  J.  E.  Phillips— Sewing  machines 

3565  C.  D.  Abel — Converting  cast  iion  into  wrought 
iron  &c. , 

Dated  November  24th,  1868. 

3566  T.  Culpin— Reaping  machines 

3567  J.  H.  Johuson— Safety  tackle   for  raising1  acd 
lowering  heuvy  weights 

3568  W.  G.  Beattie— Slide  valves 

3569  C    W.  Siemens— Improvements    in   the  manu- 
facture of  iron,  steel,  &c. 

3570  W.  Carter — Apparatus  for  commuuicating    in 
railway  trains 

3571  T.  Prideaux— Sea    walls 

3572  W.  Diuwoodie— Fences 

3573  H.  E.  Newton— Atmospheric  hammers 

3574  H.  E.  Newton— Multiplying  motion 

3575  E.  R.  Wethered — Signalling  iu  railway  tiains 

3576  B.  Solomons — Indicutors 


Dated  November  25th,  1869. 


3577 
3578 
3579 
spi 
3580 
3581 
3582 
358* 

;r>Ki 
35*.-, 

3586 
3587 
3588 
3589 
3590 
3591 
s» 

35"  2 
3593 
3594 
3595 
3596 
3597 
3598 


B.  Hunt— Watches 
J.  Parry — Springs 
R.  Lakm  and    \V. 


H. 


Rhodes— Machines   for 
ro  the  driving  shafts 


W.  Wild— Median 

G.  Bernhardt— Gas 

T.  Craig— Hanging  windows 

P.  Soencer— Iudigo  blue 

W.  R.  Lake— Cigars 

S.  Brook  and  C.  Thompson — Looms 

D.  S.  Merry— Arm  protectors 
W.  F.  Chapman — backing  boxes 
G.  Baker— Bird  cag«-s 
W.  E.  Gedge— Tugboat 
W.  E.  Gedge — Sewing  machines 
H.  Smith — Apparatus  to    be    used    in    playinar 

mes 

E.  T.  Dan  Hecke—  Steam  boilers 
N.  D.  Spartali— Heat  to  boilers^ 
J.  Bourne — Production  of  heat.  Sec. 
H.  Milsted— linckle' 
W.  R.  Lake— Sad  iions 

D.  Vogl — Fastening  scarfs 

E.  Ellenband — Threading1  needles 

Dated  November  26th,  1868.  , 

3599  L.  Roman  —  Hydraulic  power 

3600  F.  Holt— Steam  engines 

3601  P.  Panton— Fire  arms 

3602  A.  M.  Clark— Sizing  threads 
3ti03  J.  Siucock— Ratchet  bracts 

3604  H    Switheubauk— Hats 

3605  C  E.  Spooner  and  G.  A.  Huddart— Construc- 
tion of  railways 

3606  A.  Eusehe— Laces 

3607  E.  T.  Hugbe — Dressing  stones,  &c. 

3608  H.  Pollock— Fire  arms 

3609  \V.  R.  Lake— Paddle  wheels 

3610  W.  R.  Laks— Harvesting  machines 

3611  J.  H.  Moreland  and  J.  Ooulong — Pneumatic 
looms 

3612  A.  Harris — Warming  churches,  &c. 

Dated  Novbmber  27th,  1868. 

3613  E-  Stevens— Sharpening  knives 

3614  J.S.  Tenif  letou— Carpets 

3615  A.  C.  Bainlett—  Machinery  for  Koaping 
361G  T.  G    Webb— Tumblers,  &.c. 

3617  J.  Petrie,jun.— Dying  wool 

3618  T.  Dickius  A.  L.  Dickins,  and  H.  Heywocrf— 
Dyeing  silk 

3619  W.  E.  Newton— Oil  cups 

3720  J.  H.    Dales   and  J.  F.  Maygrove— Looms   for 

weaving  hair  cloth 
3o21  A.  M.Clark— Paper  clips 

Datbd  November  28th,  1868. 

3622  W.  Tranter— Bieech  loading  firearms 

3623  J    Ingham  and  I.  Butterticld— Warps 

3624  E.S.  Samuell — Manufacture  of  superphosphate 
lime 

3625  A.  Wyllie  and  J.  Latham— Cracking1  palm  and 
other  nuts 

3626  H.  J.  H   King— Guages 

3627  J.  Comes— Mowing  grass,  8tc. 

3628  A.  N.  Burton— Fastening  shoe3 
2'I29  W.  E.  Gedge — A  perspectometer 

3630  W.  E.  Gedge— An  improved  plate  warming 
apparatus 

3631  C.  D.  Abel— Steel 

3632  J.  Saward — Meausof  preserving  natural  flowers 
&c. 

3633  J    L.  Norton— Dyeiug 

3634  J.  Helton— Cast  iron 

3635  W.  Naylor— Railway  breaks,  &c. 

3636  G.  S.  Brown  und  E.  Turner— Communicating 
between  passengers,  guard,  aud  driver  of  a  rail- 
way train,  &c. 

Dated  November  30th,  1858. 

3137  W.  Soaper— Breech  loading1  firearms 

3638  L.  Pfeiter— Lock  for  bags 

3639  J-S    Forbes— Pottery 

3640  T.  Hill— Organs 

3641  R.  A.Green— Ornamenting  plate,  &c. 

3642  A.  M.  Clark— Ti^es 

3643  D.  Greig  und  I.  Firnie— Plough  heads,  &c. 

3644  N.  West  and  R.  G.  West— Preservation  of 
rudder  pins,  &c. 

3645  J.  Myers  and  L,  L.  Morrison— Hats 


:'. 'Mil  W.  l/cLel  Ian— Improved  fastenings  for  the  rails 

of  railways  &c. 
36-17  J.  W.  Rejd— Bleaching  vegetable  fibre 

3648  W.  E.  Newton— Cleaning  cotton 

3649  A.  V.  Newton— Mail  b;u.s 

3650  A.  Rausoine— Circulai  saw  benches 

3651  J.  H    Johnson— Imitations    of,  and    substances 
for  wood,  &c. 

Dated  Dkcbber  1st.  1868. 

3652  H    A.  Bonneville— Mineral  teeth 

3653  W.  Bett — Capsules 

3654  W.  Brookes— Fabric 

3655  J.  B.  Shi:icock— Contents  nf  bottles!  &c. 

3656  S.  A.  Daniell— Cleaniuir  bottles 

3657  E    Price— Shirt  front  and  collar 

3658  J.  H.  Johnson— Cardmg  engines 

3659  W.    H.    Puller    and    J.    W.    Barnum— Tuck 
markers 

3660  J.  Grindrod— Screw  ships  ike. 

Dated  December  2nd,  1868. 

36S1  C.  S.  Rostaing— Telegraph  cables 

3662  P.  Elhs— Letter  receptacle 

3663  P.  Ellis— Public  conveyance 

3664  J.  Tid  marsh — Clipping  horses 

3665  T.   Warburton— Piecing  cardings  of  cotton  or 
wool 

3666  E.  Hely— Envelopes 

3667  J.  Alexander  and  J.  Hill— Signalling  on    rail- 
ways 

36t»6  H.N    Maynard— Girders  for  fridges,  &c. 

3669  S.  O.  Lister—  Weaving  velvets 

3670  S.  Pallunt— Fastening  to  stays,  S^c. 

3671  T.  3.  Hubbrll— Reflectors 

3672  P.  HooKer— Brick  making- 

3673  A.  M.  Clark— Paving  blocks,  &c. 

3674  E.  W.  P.  Taunton— Chain 

Dated  December  3rd,  18fte. 

3675  D.  Dorrity — Locking  urinters'  formes,  fkc. 

3676  L.J.  Mareclml— Safety  lock 

3677  H.  W.  Grylls — Applviug  motive  power 

3678  W.  Pugh  and  J.  Field— Cataract  leuses  for    de- 
fective visions 

3679  W.  E.  Gedge— Ploughs 

3680  J.H.  Banks— Constructing  buildings,  Re. 

3681  J.  Littler  and  J.  H.  B^nks— Furnaces 

3682  C.  H.  Clmdburn— Sketching 

3683  R.  Hornsby  and  J.  E.  Phillips— Reaping  ma- 
chines 

3684  H.  Kinsey—  Boiler 

36^5  W.  Simpson   and  J.  llutton — Lubricating   ap. 
paratus 


Dated  December  4th,  1868 
W.  R.  Lake— Knitting  machines 
W    R.  Lake— Cutting  edibleroots 
H.  Robinsou— Dressing  millstones 
S.  Hirech—  Dveing  yarns,  &c. 
R.  Charles— Thimbles 
J    H.  Johusou — Vapour  apparatus 
J.G.  Rollins — Nozzles  for  oil  cans 
W,  G.  Ainslie—  Drying  peat,  &c. 
M     P.    W.  Bouhon  and  J.  Imrav— Propellers 
H.    L.    D.    Marsden—  Toning    photographic 
tits,  &c. 

J    S.  Ciipelle— Calendai  to  desks 
F.  Beech— Gullies 

A.  C.  Sterry,F  Lambe    and    J.  Fordred— Puri- 
ne; paraffins 
J.  R.  Swann— Kilns 


3700 
3701 
fu. 
3702 
3703 
3704 
371 '5 
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37HH 
3709 
3710 
3711 

37  12 

371;: 
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Datbd  December  5th,  1S68. 


E.  FianciUon— Dying  fur 
J.  A.  Fawcett— Supplying 


steam   boiler  with 


B.  Hunt-Wheels 

D.  Thomson — Sewing-  machinery 
R.  Girdwood — Crushing  ores,  &c,    ._"_ 
H.  Dentin — Chain  harrows 

E.  K.  Duttou— Gig  mills 
A.  V.  Newtou — Treating  flour 

A.  Masson — Steam  engines 
J.  Abraham-  Central  tire  cartridges 
J.  Holmes — Kilns 

B.  Fowler,  D.  Greig,   and  R.  Burton— Steam 
Itivating  machinery 

D.  H.  Paterson— Bleaching,  &c. 
W.R.  Lake — Apparatus  for  removing  the  stem 
metal  formed  upon  printers'  type 
A.M.Clark — Compound  for   the  disinfection 
sewage 

Dated  Decmeber  7th,  1868. 

3715  A.  B.Berard — Purifying  gas  for  heating  and 
other  purposes 

3716  I.  E.Wooif— Cooling- milk 

3717  VV.  Chiswell — Preventing  horses  from  slipping 
in  snowey  weather,  &c. 

3718  A.  Homfray— Coke 

3719  J.  Ridley-  Apparatus    for    obtaining    motive 
power 

37-0  A.  Krupp — Breech  loading1  ordnance 

3721  E.  Simons-Shoes  for  horses 

3722  W.  R.  Lake— Photographing  by  artificial  light 

3723  Railway  carriage  wheels 

3724  C.  F.  C.  Cretin  aud  J.  Watson— Supplying  air 
to  divers 

3725  T.  Kennan — Fastenings 

3726  A.  M.  Clark— Thread  winders 

Dated   Dece  ber  8th,  1866. 

3727  C.  Farrar — Reducing  wood  to  fibers,  &c. 

3728  A.  Maekie— Type  composing  apparatus 

3729  H.  A.  Bonneville— Spiuutug  looms 

3730  W.  J.  Thicthiuer— Chronometers 

3731  J.  A.  Farwig    and   C.    Haynes— Sheet    metal 

3732  J.  Fitter — Nuts  or  screw  boxes 

3733  O.  Reynolds— Communicating  between  pt  ssen- 
gers   guard,  aud  driver  of  railway  trains 

3734  R.  B.  Roden  — Breech  loading  firearms 

3735  T.    Speir— Machinery   or  apparatus  for    culti- 
vating land 

3736  T.   Speir— Machinery   or    apparatus  for    culti- 
vating land 


3737  T.  Lancaster-  Consumption  of  fuel 

3738  F.W.  Moss  and G. Moss— Preventing'collisions 
on  railways 

3739  G.  Cooper  and  J.  Cotterill-  Crucibles 

3740  C.  P.  Cotton  and  J.  L.  Lyster— Kilns    for  cal- 
cining ores,  &c. 

3741  W.  H    Pottle— Umbrellas 

3742  J.    Kirk    aud    J.    Kirk — VVeavings    made  on 
bobbin  machines 

3743  J.  Ball— Cutting  fibers  from  spots 

3744  G.  P.  White— Roadways  of  bridges 

3745  W.    Barnes— Working    the    switches  on    rail- 
ways 

Dated  December  9th  186S. 

3746  S.  S.  Anderson-Bricks 

3747  J.T.  Parlour— Adjustable  blocks 
374«  F.  Mem  lows— Cutting  brass  rule 
3749  R.  Needhnm-Fuel  economizers 
3730  J.  Bolton  —  Burning  animal  charcoal 
3751   J.  Parkins — Printing  in  colours 

3762  T.  Sturgeon  —  Communicating  between  the 
passengers,  guard,  and  driver  of  railway  trains 

3753  A.  G.  Goodes— Cigars 

Dated  December  10th  1868. 

3754  W.  Griffiths— Bits  and  bridles 

3755  J.  Normaa— Gnntling  grain 

3756  W.  H.  Piatt— Shuttles 

3757  W.  G.  Mainivaring— Sewing  machines 
3768  A.  Miitthteseu— Manufacture  of  paper 

3759  H  A.  Bonneville — Apparatus  for  measuring 
distances 

3760  W.  Gray  and  T.  Biggin— Spanners  in  cast 
steel 

3761  W.  S.  Jacksou— Treating  bones 

3762  I.  Smith  and  J.  F.  N.  B.  Simons— Settiutr. 
steam  boilers  b 

3763  C.  R    Broomau— Roofing  houses 

3764  J.  F.  Brucley— Improvements  in  wells,  &c. 

3765  YV.  Dawes  and  E.  A.  Ramsden— Improvements  , 
in  harmoniums 

Dated  December  11th,  1868. 

3766  J.  Pickles,  E.  Etamsbottom,  S.  HaggaB,  S 
Foulds,  J.  Shackletou,  and  W.  Berry— Spinning 
and    twisting  frames 

3767  B.  Wayguod— Ventilation  of  mines    ' 

3768  T.  Holder  and  G.  Dover— Horseshoes 

3769  H  Carter  and  G.  H.  Edwards— Breech  loadin«- 
firearms 

3770  P   Kot/,ii— Reaping  machines 

3771  W.  H  Pa.iley— Apparatus  for  indicating  and 
regulating  heat 

3772  F.  Waltou — CoLstruction  of  houses 

Dated  December  12th,  1868. 

3773  E    H.  Baylev— Filter  vans  and  carts 

3774  B.  Hunt— Apparatusfor  cooKing 

3775  J.  Millwanl — Preserving  meat 

3776  A.  Woods— Spring  matresses 

3777  H.  Law— Water  closets 

3778  C.Ellison  and  E.  Pa.kinson-Apparatus  for 
measuring  the  human  body  for  garments 

3779  T.  Smith-Smiths' bellows 

3780  Z.  Poirier— Stopper  for  Lotties 

3781  S.  Copperthwaite-Tuming 

37S2  C.  E.  Brooman— Apparatus  for  indicating 
hours  and  days 

3783  G  Preston  and  J.  Prestige— Engine  lubrica- 
tors Q 

3784  F.  Erskiue— Economizing  fuel  aud  consuming 
smoke 

3785  J.  Hamiltou  and  J.  B.  Crawford— Cutting  and 
ressing  etoue,  &c. 
5  A.  Priuce — Treatment  of  ores 

3787  G.  A.  C.  Bremme — Breaking  and  Soiteninor 
flax  b  fa 

3788  H.  L.  D.  Marsden— Construction  of  framings 
and  joints 

3789  J.  Hine— Cutting  millstones 

Dated  December  14th,  1863. 

3790  R.Norfolk— Reaping  machines 

3791  W.  Meakin— Lock  spindles 

3792  H.  E.  Newton — Machinery  for  transmitting 
power  acd  motion 

3793  J.  J.  Stevens— Working  railway  switches 

3794  S.  W.Smith — Apparatus  for  spinning 

'iJ9b  J.  AUmark  and  W.  Blakey — Tobacco  cutting 
machine 

3796  C.  E.  Brooman— Locks 

3797  W.  J.  Murphy— Ordnance 
370S  J.  Thomas— Teukettle 

3799  Lord  J.  Hay — Engine  counters 

3800  T.  Lynch — Preventing  collisions  on  railways 

Dated  December  15th,  1868. 

3801  A.  Watt — Rollers  for  printing  purposes,  etc. 

3802  J.  H.  Brown— Helmets,  etc. 

3803  C.  Mather — Machinery  for  ginning,  etc. 

3804  H.  A,  Bonneville — Production  of  motive  power 
3*05  H.  Williamson— Hats 

381)6  A.  Baumaun — Pressure  governed  slide  valves 
3807  R.  S.  Garden— Cartridge  pouch 
3803  W.   Py  water— Mar  ufacture  of  felt 

3809  J.  W.  Chilcott— Stays 

3810  C.A.  B.  Pocock— Bedsteads,  etc. 

3811  C.  E.  Biooman — Apparatus  used  in  diving 

3812  M.  Lockhart— Ventilating 

3813  M.  Brown-Westhead  and  R   Smith— Spools 

3814  J.  Prazer  and  W    Naar— Mattresses 

3815  P.  Kotzo— Steam  engines 

3816  T.  Wilson— Couplings  for  connecting  tubes 

3817  J .  T.  Gnce— Oru:imenting  metal  lie  tubes 
3S18  J.  E.  Scrivt-n— Heating  air  iu  chambers,  etc. 

Dated  December  16th,  1868. 

3819  J.  Mill— Healing  press  plates 

3S20  W.  Cotton  and  E.  Atteuborough— Looped  fa- 
fabrics 

3K21  W.N.  Nicholson— Portable  mangles 

3822  W.  A.  Verel  and  J.  Cameron — Precipitation  of 
copper,  etc 

38^3  J.  Holliugworth— Open  and  closed  carriage 

3824  J.  B.  Everard— Boring  rocks 

3825  T.C.  Fidler— Ro.ling  stock  of  railways,  etc. 


Tlate  3M. 
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JET  EJECTORS  AND  EXCAVATORS. 

By  James  Robertson',  Glasgow. 

{Illustrated  ly  Plate  341.) 

Since  M.  Giffard  first  introduced  his  -well-known  injector,  the  principle 
of  which  is  even  now  but  imperfectly  understood,  there  have  been  numerous 
modifications  and  some  improvements  upon  the  original  design ;  but  until 
lately  the  object  of  all  these  various  modifications  were  designed  for  the 
same  purpose,  viz. :  that  of  forcing  water  into  a  boiler  by  means  of  its  own 
steam.  A  short  time  ago  the  application  of. this  principle  was  extended 
and  applied  to  the  purpose  of  raising  water  by  means  of  a  water  jet  sup- 
plied from  a  head  of  considerable  height ;  this  was  reported  upon  very 
favourably  by  several  engineers  in  France,  in  which  country  it  was  first 
adopted.  It  has  since  been  tried  in  this  country,  and  the  annexed  woodcut 
shows  a  section  of  the  apparatus  as  applied  by  Mr.  Reynolds  in  the  works 


duced  into  the  Royal  Navy.  The  apparatus  is  of  such  a  simple  character, 
so  efficient  and  well  suited  for  the  work  it  has  to  perform,  that  we  have  no 
doubt  but  that  it  will  soon  be  regarded  as  a  necessary  part  of  the  fittings 
of  all  steam  vessels.  The  operation  of  lifting  ashes  out  of  the  stoke-holes 
of  steamers  by  buckets,  and  discharging  them  over  the  side  of  the  ship,  is 
well  known  to  the  passengers  and  officers  of  vessels  as  a  great  nuisance,  by 
the  ashes  being  blown  about  the  decks  ;  while  the  discharging  of  them  by 
the  ordinary  means  is  about  the  heaviest  and  dirtiest  of  the  somewhat 
rugged  duty  of  the  stokers. 

Fig.  1  is  a  soctional  elevation  of  the  stoke-hole  of  a  steamer,  showing, 
in  it,  a  side  elevation  of  the  apparatus,  of  which  Fig.  2  shows  a  front  eleva- 
tion. The  apparatus  is  shown  placed  on  the  stoke-hole  floor,  consisting  of  a 
mouth-piece  A,  and  annular  jet-piece  B,  to  which  is  connected  the  ashpipes 
C  C  C  shown  led  through  the  coal-bunker  to  the  skin-plate  of  the  vessel. 
The  annular  steam-jet  is  6in.  diameter,  which  is  also  the  diameter  of  the 


of  Messrs.  Vickers,  of  Sheffield.  The  water  in  this  case  is  supplied  to  the 
jot  from  a  hoad  of  240ft.,  tho  jet  being  about  iin.  diameter,  and  the  I 
into  which  it  discharges  about  ,  in.  diamoter.  The  suction  and  dolivory 
pipes  are  both  2in.  diamoter,  and  tho  pipo  through  which  tho  water  is  lod 
to  the  jot  is  lin.  diamotor.  This  jot-pump  draws  water  from  a  depth  of 
14ft.,  without  any  foot-valvo  to  the  suction-pipe.  In  order  to  facilitate  the 
drawing  of  tho  water  immediately  it  is  put  in  action,  tho  discharge  pipo 
must  not  be  quite  straight,  for  in  that  caso  tho  jel  Is  Liable  to  pa  n  merely 
through  the  centre.  If  it  is  formed  with  bends,  or  if  the  discharge  is  mo- 
mentarily impeded  by  the  band,  the  [mm])  will  at  once  begin  to  draw.  The 
•  •lliciency  of  pumps  of  this  description  is  said  to  bo  very  great,  amounting 
td  about  72  per  cent,  of  tho  power  expended — a  duty  considerably  j.i 
than  pumps  of  tho  kind  usually  employed. 

In  Tun  Aktizan  for  last  mi  'iitiiul  modification  of  this  principle 

illustrated  (Morton'   ejector  condenser,  Plate  840),  in  which  the  exhaust 

n  from  a  pair  of  ongim  leto    opprj  the  water  intended  for  its 

own  destruction.    Wo  now  illuRti  -!"  bj  Plate  841,  Borneo!  the  i      nl  and 

ingenious  applications  of  induch  lam  combined,  and  of 

er-foroing    Jets,    recently   introduced    by    Mr.  James    Roberl  ion,   of 

Glasgow. 

The  nshes  ejoctor  represented   bj   li    .1  and   2,  is  already  oxtonsivoly 
in  use  in  merchant  steamers,  and,  we  understand,  Is  about  being  Ei 


ashos-pipe,  the  entrance  for  the  ashes  at  tho  neck  of  tho  mouth-pioco  being 
somewhat  loss  in  diamoter,  to  prevent  too  largo  pieces  getting  into  the 
pipo.  Steam  is  conveyed  to  tho  apparatus  from  tho  main  boilor,  a  portion 
(D)  of  tho  steam-pipe  being  shown  connoctod.  Tho  pressure  of  stoam  re- 
quired may  vary  from  lOlbs.  on  tho  square  inch  upwards,  less  of  it  being 
required  at  high  prossuro,  for  which  tho  apparatus  is  made  adjustable, 
tho  annular  oponing  boing  sot  about  'in.  wide  for  steam  at  251b.  prossuro. 
The  quantity  of  steam  that  passes  up  tho  pipo  is  vory  small,  compared  with 
tins  volume  of  air  thai  it  induces  :  and  so  strong  is  the  current  producod  in 
this  way,  that  tho  hoaviost  clinkors,  stonos,  or  ovon  piocos  of  iron,  ma\  be 
freely  taken  up  the  pipe.  Tho  ashes  aro  ontorod  at  tho  mouth-piece  A. 
and  discharged  ae  indicated  by  tho  arrows.  An  iron  hiugod  flap-valve  E  i  ■ 
fitted  on  the  kin  plates  of  the  vossol,  to  direct  i lie  current  of  tho  ashes 
down  into  the  water,  and  also  to  prevent  the  water  from  getting  into  tho 
i  Hie  water  from  getting  into  the  stoke-hole  when 

tho  vessel  [s  rolling,  a  brass  sluice-piece  may  be  fitted  on  to  the  brass  jot  - 

I!,  so  that,  if  tho  wator  should  get  in,  it  could  only  lill  the  ashes  pipe, 

and  is  forced  out  aa soon  as  the  steam  isintrodi I.     Thequantitj 

used  by  tho  apparatus  when  in  operation  is  about  equal  to  thai  n 
a  6-horse  powor  ongino ;  but  as  the  action  of  the  appai 

tho  ashes  formod   in  a  watch  of  four  hours  being  discharge,!   in  a 
minutes,  the  steam  usod  is  quite  InconsidoraMe.     Tho  disagreeable,  but 
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necessary,  operation  of  extinguishing  the  heat  in  the  ashes  by  water  when 
they  are  to  be  lifted  by  buckets  is,  in  this  case,  not  required. 

Fig.  3  is  a  side  elevation  of  a  similar  apparatus,  used  for  raising  and  dis- 
charging ashes  into  trucks  or  carts  from  deep-set  stoke-holes  of  stationary 
boilers.  To  prevent  the  ashes  and  steam  from  being  blown  about,  the  dis- 
charge-end of  the  pipe  has  fitted  on  it  a  conical  vessel  (A)  of  sheet  iron,  and 
closed  at  the  top.  The  current  of  the  ashes  and  steam  directed  against 
the  top  plate  of  this  vessel  is  thus  made  to  expend  its  force ;  while  the 
steam,  being  afterwards  allowed  to  expand  in  tho  large  area  of  the  vessel, 
condenses  or  escapes  without  any  pressure,  slightly  damping  the  ashes  by  its 
condensation. 

Fig.  4  is  an  elevation  of  a  jet-lifter  or  excavator,  adapted  for  excavating 
sand  under  water,  for  the  purpose  of  sinking  cast  iron  foundation  cylinders. 
The  action  in  this  instance  is  somewhat  different  from  the  applications  just 
described,  and  is  termed  a  forcing  jet  lifter.  The  method  of  using,  and 
the  mode  of  action,  of  this  apparatus,  will,  perhaps,  be  best  understood  by 
first  explaining  the  principle  of  action  of  the  jet  mouth-piece.  This  mouth- 
piece (A)  is  shown  in  Fig.  4  at  the  bottom  end  of  the  foundation  cylinder, 
which  ia  being  forced  down  into  the  sand,  and  is  also  shown  in  section  on 
an  enlarged  scale  in  Figs.  5  and  6,  Fig.  5  being  a  side  sectional  elevation, 
and  Fig.  6  an  end  elevation.  This  mouth-piece,  it  will  be  seen,  is  of  a 
wedge  form  on  its  under-side,  for  sinking  down  in  the  sand  by  its  own 
weight,  with  the  addition  of  the  weight  rods  and  malleable  iron  pipes  con- 
nected to  it.  The  flow  or  current  of  water  through  the  mouth-piece  is  in- 
dicated by  the  arrows  seen  in  Fig.  5,  the  sand  being  induced  into  the  centre 
of  the  current  through  the  hopper-shaped  opening  formed  in  the  top  of  the 
mouth-piece.  For  working  this  apparatus  a  centrifugal  pump,  driven  by 
a  portable  engine,  is  mounted  on  the  tram-rails  usually  erected  for  other 
necessary  work  fer  sinking  foundations,  &c,  and  which  lifts  water  as  indi- 
cated by  the  arrows  (Fig.  4)  through  the  pipe  C,  the  discharge  and  forcing 
pipe  (D)  from  the  pump  being  in  part  made  of  flexible  hose  atthe  top.  It  is 
thence  continued  down  to  the  mouth-piece  A,  and  secured  to  the  wooden  rod 
E ;  the  lifting-pipe  (F  F)  from  the  discharge  side  of  the  mouth-piece  (A) 
being  also  fixed  to  this  rod,  forms  the  pipes  and  mouth-piece  into  a  stiff 
compact  piece  for  being  set  down  into  the  sand  to  any  required  depth. 
Thus  arranged,  on  the  pump  being  set  in  motion,  water  is  drawn  up  through 
the  pipe  0,  and  forced  down  through  the  pipe  D  D,  past  the  jet  mouth-piece 
A.  The  sand  falls  through  the  hopper-shaped  opening  G  G  (seen  in  Figs.  5 
and  6),  and  is  forced,  along  with  the  water,  from  the  pump  up  through  the 
lifting  pipe  F  F,  into  the  barge  H,  or  dropped  into  the  water,  as  circum- 
stances may  require.  As  the  cylinders  are  set  down,  additional  lengths  of 
rod  are  coupled  on,  for  which  the  facilities  are  great. 

It  has  been  found  that  a  ton  of  sand  can  be  raised  per  minute  in  this  way, 
through  a  pipe  4^in.  diameter ;  the  jet  being  2£in.  in  diameter,  and  the 
pressure  about  401bs.  per  square  inch. 

Figs.  7  and  8  represent  another  form  of  mouth-piece,  with  the  entrance 
opening  of  the  mouthpiece  on  the  under  side,  suited  for  harder  descriptions 
of  material  than  soft  sand.  The  flow  of  the  current  is  as  indicated  by  the 
arrows,  and  its  action  is  otherwise  similar  to  that  described  in  connection 
with  Figs.  4,  5,  and  6. 


TRIAL  OF  H.M.S.   "HERCULES." 

This  frigate,  which  forms  such  an  important  addition  to  the  strength  of 
onr  iron  clad  navy,  has  made  her  trial  trip  at  the  measured  mile,  aud 
therefore  a  fair  estimate  can  now  be  formed  of  some  of  her  qualities. 
Although  a  description  of  the  Hercules  has  already  appeared  ia  The 
Artizan,  it  may  be  as  well,  ia  order  that  her  performances  may  be 
fairly  estimated,  to  recapitulate  some  of  her  leading  dimensions,  which 
are  as  follows  : — Length,  325ft. ;  breadth  of  beam,  59ft. ;  draught  for- 
ward, 23ft. ;  do.  aft.,  26ft:,  5in. ;  tonnage,  5,126 ;  displacement  at  the 
ime  of  trial,  8,680  tons ;  area  of  immersed  section,  1,315  square  feet. 
The  machinery  of  the  ship  consists  of  a  pair  of  Messrs.  John  Penn 
and  Sons'  trunk  engines,  of  1,200  nominal  horse-power,  stipulated  to 


indicate  six  times  their  nominal  power  on  the  official  measured  mile  trial. 
The  diameter  of  the  cylinders  127in.,  and  the  diameter  of  the  trunks  47in. ; 
effective  diameter  of  cylinder,  118in. ;  length  of  stroke,  54in.  Each 
cylinder  weighs  32  tons  17  cwt.  The  cylinders  are  jacketed  all  over,  and 
the  covers  are  cast  hollow.  The  cu-toff  is  effected  by  gridiron  expansion 
valves,  travelling  on  faces  on  the  upper  sides  of  the  slide  valve  boxes.  The 
condensers  are  vertical  cast-iron  cylinders  standing  at  the  side  of  the  crank 
shaft  farthest  from  the  steam  cylinders.  They  are  lift.  3in.  in  diameter 
and  the  length  of  their  copper  tubes  measures  in  the  aggregate  12  miles. 
The  condensing  water  is  driven  through  the  tubes  by  two  Appold  centri- 
fugal pumps,  drawing  water  either  from  the  bilge  or  sea,  each  capable  of 
discharging  60  tons  of  water  per  minute,  and  worked  by  a  pair  of  engines 
of  40  horse-power.  There  are  two  boiler  rooms,  each  containing  four 
boilers  with  their  stockholes  amidships.  There  are  40  furnaces  in  all,  the 
size  of  the  fire  grates  being  2ft.  lOin.  by  8ft. ;  number  of  tubes,  3,600. 
Length  of  tubes  7ft.,  and  their  outside  diameter  2in.  The  crank  shaft 
weighs  34  tons  16  cwt.,  and  the  screw  shaft  24  tons.  The  total  weight  of 
machinery,  boilers  filled  with  water,  and  spare  gear  is  estimated  at  1,090 
tons,  or  rather  less  than  2\  cwt.  per  indicated  horse-power.  The  screw, 
which  is  a  two-bladed  Griffith,  has  a  diameter  of  23ft.  6in.,  the  pitch  vary- 
ing from  20ft.  6in.  to  25ft.  6in.,  and  having  1ft.  ll^in.  immersion  of  the 
top  edge  ;  it  weighs  23£  tons.  The  safety  valve  is  weighted  to  301b.  per  sq. 
in.,  and  the  steam  is  super-heated  to  about  310. 

At  the  time  of  the  trial,  which  lasted  about  five  hours  and  a-half,  the 
weather  was  very  favourable,  the  barometer  standing  at  30'2in.,  with  a 
smooth  sea  and  very  little  wind.  The  pitch  of  the  screw  was  set  at  24ft. 
The  ship  made  all  her  runs  over  the  measured  mile  with  her  rudder  acting 
in  the  ordinary  way,  and  not  as  a  balance  rudder.  The  time  of  the  ship 
throughout  was  taken  with  one  of  Benson's  chronographs.  The  runs  over 
the  mile  gave  the  subjoined  results  : — 


Mile    Runs  with    Full-Boileb    Power. 


No.  of 
run. 

1  .. 

2  .. 

3  .. 

4  .. 

5  .. 

6  .. 


Time. 

M.  s. 


Ship's  speed. 
Knots. 


3  47  15859 

4  29  13-383 

3  43  16143 

4  35  13-091 

3  39  16-438 

4  41  12-811 


Steam  pressure  in  boiler-room,  29-51b. ;  at  engines,  271b. ;  Vacuum,  27in. 
Revolutions  of  Engines. — Per  minute — 72,  71,  72,  71,  72,  71 ;  per  mile — 
288,  318,  265,  230,  262,  335.  Mean  speed  of  the  ship  under  full-boiler 
power,  14-691  knots  per  hour,  indicated  horse  power,  8528-75. 

Mile    Runs    with  Hale-Boilee    Poweb. 

No.  of  Time.  Ship's  speed. 

run.  M.  s.  Knots. 

1     4    27  13-483 

2     5     21  11-215 

3     4    40  , 13857 

4     5     19  H-285 

Mean  speed  of  the  ship  under  half-boiler  power,  12'122  knots  per  hour, 
indicated  horse-power,  4044-9. 

FULL-BOILEE   POWEE   ClECLES,  WITH    RUDDEE  IN   BALANCE    FORM. 

Helm  to  Starboard. — Angle  of  rudder,  40  deg. ;  turns  of  wheel,  4.  Half- 
circle  made  in  1  min.  50  sec. ;  full  ditto,  4  min.  Men  at  the  wheel,  16. 
Helm  to  port. — Angle  of  rudder,  38  deg. ;  turns  of  wheel,  4.  Half-circle 
made  in  1  min.  50  sec;  full  ditto,  4  min.     Men  at  the  wheel,  16. 

Hale-boiler  Powee  Ciecles,  with  Rudder  in  Balance  Foem. 

Helm  to  Starboard. — Angle  of  rudder,  40  deg. ;  turns  of  wheel,  4.  Half- 
circle  made,  in  2  min.  21  sec;  full  ditto,  4  min.  36  sec.  Men  at  the 
wheel,  16.  Helm  to  Port.— Angle  of  rudder,  39  deg. ;  turns  of  wheel,  4. 
Half-circle  made  in  2  min.  40  sec. ;  full  ditto,  5  min.  20  sec.  Men  at  the 
wheel,  1G- 
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The  diameter  of  the   circles  were  very   small.     Those  at  full   power 

were  : Starboard,    527yds. ;  port,    597yds. ;    at    half-power    starboard, 

590yds.,  and  port  651yds. 

In  the  annexed  set  of  diagrams,  figs.  1  and  2  were  taken  from  the  after 
and  forward  engines  respectively  during  the  first  mile  run,  and  rigs.  3  and 
4  are  similar  diagrams  taken  during  the  sixth  mile  run,  figs.  5  and  6  being 
taken  while  running  with  half  boiler  power. 


ing,  she  may  be  considered  as  more  especially  adapted  for  harbour  and 
coast  defence,  for  which  purposes,  from  her  immense  strength,  she  is 
admirably  suited.  She  carries  no  less  than  1,480  tons  of  armour,  while 
her  armament  weighs  about  540  tons.  The  armour  consists  of  a  band  of 
plating  entirely  round  the  ship  from  5ft.  below  the  water-line  to  9ft  above 
it,  the  thickness  of  the  band  graduating,  but  reaching  its  maximum  thick- 
ness of  9  inches  in  the  row  of  plates  at  the  water-line.     From  this  band 


An  average  speed  of  14C91  knots  at  full-boiler  power  at  first  sight 
seems  very  good  ;  but  when  it  is  remembered  that  it  required  the  enor- 
mous propelling  force  of  8528-75  H.P.  to  obtain  that  speed  the  performance 
does    not   appear    so  satisfactory.      According    to    this   official    trial,    the 

co-efficient  of  the  Hercules  in  the  formula  speed  3*  displacement  \ 

I.H.P.  19 

only  156-7,  while  that  of  the  Bellerophon  is  164'7  ;  of  the  Minotaur,  208  ; 
of  the  Achilles,  2271,  and  of  the  Warrior,  23T5-  From  these  figures  it 
is  evident  that,  so  far  as  regards  form,  the  latest  addition  to  our  iron-ilad 
fleet  is  also  the  worst.  As  an  illustration  of  the  peculiarity  in  the  bow  lines 
of  the  vessel,  the  following  graphic  account  given  by  the  correspondent  of 
the  Times  may  not  be  out  of  place  : — "  A  rather  startling  incident  occurred 
at  the  time  the  ship  was  going  at  her  greatest  speed  in  running  the  fifth 
mile.  A  large  decked  boat,  with  two  men  in  her,  got  directly  in  the  path 
of  the  ship  and  ahead  of  her.  The  pilot  sheered  the  huge  frigate  wide  of 
her  course,  but  the  boat  could  not  keep  clear,  and  for  a  moment  her  mast 
wai  seen  bobbing  and  swaying  about  immediately  under  the  vessel's  b  iw- 
sprit.  It  seemed  impossible  OH  board  the  frigate  to  avoid  going  clean 
over  the  cockle-shell  of  a  thing  under  the  bows,  but  just  as  the  boat 
appeared  to  touch  the  frigate's  stem'  the  bnge  wave  raised  np  in  front  of 
the  latter  lifted  up  the  boa!  and  dashed  her  ssideand  dear  of  danger. 
although  the  gait' of  her  mainsail  grand  the  port  bow  of  the  frigate,  as  the 
latter  rushed  along  at  17  miles  an  hour."  wave  here  mentioned 

may  have  been  a  very  gratifying  sight  to  these  two  men,  but  we  doubt 
whether  it  would  be  similarly  spprei  i  naval  architect  when 

temphiting  its  enormous  dimensions  from  a  less  hazardous  position. 

As  tho  Hercules  is  unable  to  carry  coal  sufficient  for  I  WO  days  full  steam- 


rises  the  great  central  battery,  and  here  the  plating  is  disposed  in  ei^ht 
tiers,  which  are  thus  arranged  : — At  the  water-line  one  width  of  9-inch 
plates,  and  next  above  this  one  width  of  8-inch.  Above  the  8  inch  are  five 
rows  of  6-iuch,  and  then  another  width  of  8-inch.  The  battery  is  closed 
at  each  end  by  6-inch  plated  bulkheads.  Tho  weight  of  the  ship's  side 
and  its  armour  at  the  water-line  is,  approximately,  7951bs.  per  square  foot, 
and  at  the  level  of  the  gun  deck  5821bs.  per  square  foot. 


ON    THE    ESTIMATION   OF   TITANIC   ACID. 
11)  David  Forbes,  F.R.S.,  &c. 

The  results  of  numerous  analyses  of  rocks  and  of  the  products  arising 
from  their  disintegration  and  decomposition  have  proved  thoroughly  con- 
firmatory of  the  observations  by  Mr.  Riley,  brought  forward  in  his  valuable 
paper  "  On  the  General  Occurrences  of  Titanic  Acid  in  Clays,  &c,"  pub- 
lished in  vol.  xv.  of  "The  Journal  of  the  Chemical  Society;"  and  having 
myself,  in  the  course  of  these  investigations,  paid  considerable  attention  to 
the  varions  processes  employed  for  determining  tho  presence  and  amount 
of  titanic  acid  contained  in  mineral  and  metallurgical  products,  it  is  con- 
sidered that  the  following  remarks  upon  this  subject  may  probably  be  of 
use  to  the  analyst : — 

As  it  still  appears  to  be  the  common  opinion  that,  in  tho  process  of  the 
analysi-  i •'.'  mineral  silicates,  titanic  acid  when  present  does  remain  alto- 
gether,  or  in  greatest,  part  behind  along  with  the  silica,  which  has  been 

separated  from  the  bases,  it  seemed,  therefore,  desirable  to  ascertain  how 
far  this  actually  was  the  case,  and  also  whether  any  definite  ratio  existed 
between  the  amount  of  the  insoluble  titanic  acid  which  remained  behind 
with  the  silica  and  that  which  was  taken  up  by  the  acid  solution. 

The  result  of  the  examination  of  several  clayi  and  rocks  containing  this 

acid,  served  to  show  that  a  very  considerable  amount  of  the  entire  titanic 


28 


THE  ARTIZAN. 


[Febbtjakt  1,  1869. 


acid  present  in  the  subject  analysed  did  really  enter  into  solution,  and 
consequently  that  a  material  error  would  occur  in  the  statement  of  the 
results  of  the  analysis,  if  this  amount  was  neglected,  and  merely  the 
quantity  remaining  behind  with  the  silica  was  assumed  to  represent  the 
total  perctntage  of  titanic  acid  present  in  the  substance  under  examina- 
tion. 

A  single  example  will  suffice  to  show  that  this  is  actually  the  case. 
Upon  analysis,  at  the  request  of  Mr.  George  Maw,  F.G.S.,  of  a  red  clay, 
which  formed  a  stratum  of  from  7  to  8fc.  in  thickness,  occurring  at  about 
the  middle  of  the  Shropshire  coal  measures  at  Calcotts,  near  Broseley,  the 
following  percentage  composition  was  found  : — 

Silica,  combined  29-71")  c,  nc. 

free       34-35J6406 

Titanic  acid,  insoluble 0-37")    n  R9 

soluble    0-25;   u'w 

Alumina    20-60 

Sesquioxide  of  iron  6.84 

Protoxide  of  iron 0-32 

Protoxide  of  manganese  0-09 

Lime  0-12 

Magnesia 0.04 

Potash  0-91 

Soda 0-44 

Water,  with  traces  of  organic  matter  5'85 

9989 

From  these  results  it  will  be  seen  that  above  40  per  cent,  of  the  entire 
amount  of  titanic  acid  present  in  the  clay  had  entered  into  solution,  and 
was  afterwards  thrown  down  by  ammonia  (which  precipitates  titanic  acid 
completely)  along  with  the  alumina  and  sesquioxide  of  iron  obtained 
together  in  the  course  of  the  analysis. 

The  method  employed  in  separating  the  titanic  acid  from  these  sub- 
stances, was  simply  to  dissolve  the  precipitate  of  alumina,  sesquioxide  of 
iron,  and  titanic  acid  in  dilute  sulphuric  acid,  to  neutralise  a  considerable 
portion  of  the  excess  of  sulphuric  acid  by  solution  of  caustic  soda,  then  to 
add  a  few  drops  of  nitric  acid,  which  prevents  the  titanic  acid  subsequently 
precipitated  from  carrying  down  with  it  more  than  a  trace  of  sesquioxide 
of  iron,  and  after  still  further  dilution  with  a  large  excess  of  water,  to 
boil  for  some  time  until  all  the  titanic  acid  is  precipitated  in  the  insoluble 
form. 

The  insoluble  titanic  acid  remaining  with  the  silica  was  extracted  from 
it,  by  boiling  the  silica  in  a  platinum  crucible  for  some  time,  with  concen- 
trated pure  sulphuric  acid,  allowing  it  to  cool,  and  then  pouring  the  whole 
rapidly  into  a  large  excess  of  cold  water,  so  as  to  avoid  any  considerable 
rise  in  temperature  of  the  solution ;  after  filtration  from  the  insoluble 
silica,  the  solution  was  nearly  neutralised  by  soda,  a  little  nitric  acid  added, 
and  the  titanic  acid  precipitated  by  boiling  as  before. 

According  to  Marignac,  titanic  acid  is  precipitated  from  its  solution  in 
concentrated  sulphuric  acid  after  dilution  with  from  five  to  six  times  its 
volume  of  water  upon  boiling;  but  it  was  found  safest  to  neutralise  a 
large  portion  of  the  excess  of  the  acid  by  soda  before  boiling  the  solution, 
which,  after  filtration,  was,  upon  subsequent  testing,  not  found  to  retain 
any  appreciable  amount  of  titanic  acid. 

The  results  of  various  experiments,  not  only  proved  that  the  proportion 
of  titanic  acid  dissolved,  amounted  to  a  very  large  percentage  of  the  total 
titanic  acid  contained  in  the  silicate,  but  also  showed,  especially  when  but 
very  little  titanic  acid  was  present  in  the  mineral  or  rock,  that  the  amount 
which  entered  into  solution  might  occasionally  be  much  greater  than  that 
which  remained  behind  with  the  silica.  In  all  analyses,  therefore,  it 
becomes  a  matter  of  necessity  to  determine  both  the  soluble  as  well  as  the 
insoluble  titanic  acid,  in  order  to  obtain  correct  results  both  as  regards  the 
amount  of  titanic  acid  present  or  also  to  obtain  the  true  percentage  of  the 
silica,  alumina,  andjsesquioxide  of  iron.  Even  when  the  total  amount  of 
titanic  acid  in  a  mineral  has  been  determined  by  the  usual  process  of  fusing 
it  with  from  eight  to  sixteen  times  its  weight  of  bisulphate  of  potash,  or, 
still  better,  bisulphate  of  soda  (since  the  soda  compounds  are  much  more 
soluble),  and  afterwards  boiling  the  very  dilute  solution  of  the  fused  mass 
in  cold  water,  until  all  titanic  acid  is  precipitated;  there  still  remains  the 
difficulty  of  knowing  how  much  of  the  titanic  acid  thus  found  should  be 
deducted  respectively  from  the  weight  of  the  silica,  or  from  that  of  the 
mixed  precipitates  of  alumina  with  sesquioxide  of  iron. 

In  these  cases  I  have  found  the  following  mode  of  procedure  con- 
venient : — The  mineral,  clay,  or  rock,  reduced  to  an  impalpable  powder,  is 
placed  in  a  proper  sized  platinum  crucible,  and  made  into  a  very  liquid 
paste  with  pure  concentrated  sulphuric  acid ;  the  whole  is  then  kept  for 
some  hours  exposed  to  a  temperature  sufficiently  high  to  cause  it  to  emit 
slight  fumes  of  sulphuric  acid  without  making  it  boil  or  spirt.  By  this 
means  the  entire  amount  of  titanic  acid  present,  combined  or  uncombined 


in  the  substance,  appears  to  be  converted  into  the  soluble  modification, 
and  is  taken  up  by  the  sulphuric  acid, 

The  whole  is  now  allowed  to  become  quite  cold,  the  contents  of  the 
crucible  is  then  discharged  into  a  beaker  glass  containing  so  large  an 
excess  of  cold  water  that  no  rise  of  temperature  need  be  apprehended,  and 
the  crucible  itself  washed  out  with  cold  w^ter.  This  solution  is  now 
filtered  from  the  insoluble  matter,  consisting  of  silica  along  with  any  unde- 
composed  silicate  which  may  remain  unacted  upon  by  the  sulphuric  (and 
if  much  lime,  strontia,  or  barytes,  is  present,  some  sulphates  of  these 
earths)  acid ;  this  should  be  washed,  first  with  cold  and  then  with  hot  water. 
The  filtrate  is  now  nearly  neutralised  by  caustic  soda,  and  boiled  for  a  con- 
siderable time,  occasionally  adding  some  water  as  evaporation  takes  place, 
so  as  always  to  keep  the  solution  very  dilute  until  all  the  titanic  acid  has 
been  precipitated. 

Should  much  iron  be  contained  in  the  solution,  a  little  nitric  acid  should  ' 
be  added  to  the  filtrate  previous  to  boiling,  in  order  to  prevent  the  titanic 
acid  carrying  down  with  it  more  than  a  trace  of  sesquioxide  of  iron. 

The  titanic  acid  thus  obtained  usually  retains  some  sulphuric  acid,  and 
should  be  heated  with  the  addition  of  a  little  carbonate  of  ammonia  to 
volatilise  this  acid.  After  ignition  the  titanic  acid  usually  is  of  a  light 
yellow  colour,  but  should  it  present  a  deep  red  appearance,  due  to  sesqui- 
oxide of  iron  carried  down  along  with  it,  it  should  be  fused  with  bisulphate 
of  potash  or  soda,  the  fused  mass  dissolved  in  an  excess  of  cold  water,  a  few 
drops  of  nitric  acid  added,  and  the  solution  boiled,  when  is  will  be  obtained 
nearly  colourless,  or  of  a  faint  yellow  tinge. 

The  insoluble  matter  obtained  after  treatment  of  the  original  substance 
may  now  be  fused  with  carbonate  of  soda  and  potash  as  usual  in  the 
analysis  of  an  insoluble  silicate,  taking  care,  of  course,  to  add  to  its  solu- 
tion the  filtrate  from  which  the  titanic  acid  has  been  precipitated  by 
boiling. 

In  some  cases,  where  but  traces  of  lime  or  other  element  which  would 
form  a  sulphate  insoluble  in  water,  or  solution  of  sulphate  of  soda  or 
potash  are  present  (zirconia  thorina,  &c),  the  analysis  may  be  made  by 
fusing  the  mineral  with  about  ten  times  its  weight  of  bisulphate  of  soda, 
potash,  (preferably  the  former,  from  the  easy  solubility  of  its  fused  product) 
dissolving  the  mass  in  cold  water,  and  filtering  it  from  the  insoluble  silica, 
which,  after  washing,  first  with  cold  and  then  with  hot  water,  may  be 
weighed  after  ignition,  as  usual.  From  the  filtrate,  the  titanic  acid  is  pre- 
cipitated by  boiling,  some  nitric  acid  having  previously  been  added,  in  case 
oxide  of  iron  is  present  in  any  quantity,  and  after  filtration  the  solution 
can  be  used  for  determining  the  bases,  alumina,  iron,  magnesia,  &c,  as 
usual. 

In  estimating  the  amount  of  titanium  or  titanic  acid  in  samples  of  cast 
or  wrought  iron,  this  substance  has  usually  been  sought  for  in  the  residue 
insoluble  in  acids,  but  the  following  experiments  also  prove  that  such  a 
procedure  cannot  be  relied  upon  as  furnishing  correct  results. 

A  sample  of  cast-iron  produced  from  smelting  a  titaniferous  magnetite 
from  Gullaxrud,  in  Norway,  in  a  charcoal  blast  furnace,  was  taken,  and 
251-59  grains  in  small  fragments  dissolved  in  nitrohydrochloric  acid ;  the 
insoluble  residue  was  collected  on  a  filter,  incinerated,  digested  with 
sulphuric  acid,  and  the  titanic  acid  present  determined  as  before  described, 
when  it  was  found  to  amount  to  0-52  grains,  equivalent  to  0-207  per  cent, 
titanic  acid  or  0'126  per  cent,  titanium. 

The  filtrate  was  now  neutralised  carefully  with  ammonia,  and  then  a 
slight  excess  of  ammonia  added,  so  as  to  cause  a  small  permanent  precipitate 
of  sesquioxide  of  iron  to  be  formed,  which  was  then  filtered  off  from  the 
ferruginous  solution  and  washed.  This  precipitate,  which  contained  all  the 
titanic  and  phosphoric  acid  present  in  the  iron,  along  with  an  excess  of 
sesquioxide  of  iron,  was  now  dissolved  in  a  little  very  dilute  sulphuric  acid, 
some  nitric  acid  added  and  the  solution  boiled;  an  immediate  precipitate 
of  titanic  acid  was  formed  which,  when  determined,  amounted  to  0-14 
grains,  or  0056  per  cent.,  equivalent  to  0-034  per  cent,  titanium.  The  ex- 
amination of  this  cast-iron  resulted  in  showing  that  it  contained  0-207  per 
cent,  titanic  acid  in  the  insoluble  form,  and  0-056  per  cent,  titanic  acid  in 
the  soluble  form,  or  a  total  of  0'263  per  cent,  titanic  acid,  and  that,  conse- 
quently, more  than  20  per  cent,  of  the  entire  titanic  acid  had  been  dissolved 
by  the  acids  employed  in  the  analysis. 

Another  sample  of  cast-iron  produced  from  smelting  the  titaniferous 
magnetite  from  Christine  Mine,  near  Krageroe,  in  Norway,  was  also 
examined  with  the  same  object  in  view.  In  this  case  104-26  grains  of  the 
cast-iron  in  fragments  were  dissolved  in  nitrohydrochloric  acid,  and  left 
an  insoluble  residue  which,  after  incineration,  weighed  2-47  grains  ;  this 
was,  as  in  the  last  case,  digested  in  concentrated  sulphuric  acid  ;  the  titanic 
acid,  which  was  determined  as  before  described,  weighed  only  0-02  grains. 
The  acid  filtrate  was  then  treated  with  ammonia,  so  as  to  precipitate  a 
small  amount  of  the  sesquioxide  of  iron  along  with  any  titanic  acid  con- 
tained in  the  iron,  and  this  latter  determined  as  in  the  former  case, 
amonnted  to  0'03  grains. 

The  result  of  this  experiment  shows,  therefore,  that  this  cast-iron  con- 
tained a  total  of  only  0'048  per  cent,  titanic  acid  (equivalent  to  0-029 
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titanium)  of  which  0019  per  cent,  remained  in  the  insoluble  residue,  whilst 
0'029  per  cent,  had  been  dissolved  in  the  acid  solution,  confirming  the 
previously  arrived  atfeonclusion,  that  when  a  very  small  amount  of  titanic 
acid  is  present  in  the  substance,  the  major  part  of  it  is  often,  if  not  always, 
to'be  found  in  the  solution,  and  not  in  the  insoluable  residue. 

I  have  not  been  able  as  yet  (although  I  have  made  several  experiments 
for  the  purpose),  to  prove  satisfactorily  that  titanium  allojs  with  iron,  but 
the  analysis  of  various  samples  of  cast-iron,  wrought,  bar,  and  steel  smelted 
from  ores  containing  titanic  acid  in  considerable  quantity,  appear  rather  to 
indicate  thas  the  final!  amount  of  titanium  which  they  really  do  contain, 
is  mechanically  associated  frith  the  iron  probably  in  an  oxidised  state,  than 
present  as  a  true  alloy  with  the  iron  itself. 


ANDREWS'  PATENT  DIFFERENTIAL  FRICTION  HOIST. 

The  annexed  wood-cut  represents  a  hoisting  machine  adapted  to  very 
heavy  work  and  applicable  to  all  the  various  purposes  for  which  such  ap- 
paratus are  generally  employed.  The  construction  and  operation  of  the 
machine  are  thus  set  forth  by  the  inventor  in  the  American  Artizan  : — 

"  The  drum  is  provided  with  two  large  wheels,  E  and  C,  of  different 
diameters  (rigidly  attached  thereto),  with  wedge  shaped  grooves  ex- 
tending around  their  peripheries  and  occupying  the  whole  width  of  their 
Buses.  The  bearings  of  the  drum-shaft  are  in  eccentrics  secured  in  boxes  in 
the  main  frame,  within  which  they  are  turned  by  means  of  levers,  A  and  B, 
attached  to  them. 


"  Upon  the  engine  -haft,  which  is  parallel  to  t  lie  drum-shaft,  are  small 
wheels  or  pinions,  I)  and  B,  also  of  different,  diameters  ;  Corresponding 
with  the  difference  in  diameters  of  wheels,  E  and  (',  and  having 
grooves  upon  their  fa  ponding  with,  and   fitting  into,  those  upon 

the  spur-wheels.  The  pinions  are  attached  to  the  engine-shaft  by  feathers, 
admitting  of  some  play,  to  allow  them  to  accommodate  themselves  to  the 
rigidly  secured  spur  wheels  upon  the  dram.  The  lever-  npon  the  eccentrics 
an- either  made  elastic  or  attached  to  a  spring,  permitting  a  slighl  move- 
ment of  the  wheels  to  ami  fro,  when  in  contacl  with  the  pinions,  to  com- 
pensate for  any  uuevenness  in  their  surfaces,  caused  by  wear  or  otherwise. 
Each  wheel  and  pinion  has  it-*  face  slightly  out  of  line  with  its  shaft,  to 
compensate  for  the  movement  of  the  dram-shaft  to  and  from  the  pinions  at 
alternate  ends,  and  to  keep  the  faces  of  the  wheels  and  their  teeth  in  per- 
fect contact,  each  when  in  its  proper  working  position.  A  friction-brake 
to  work  with  the  foot  is  placed  in  contact  with  the  face  of  one  of  the  spur- 


wheels.     On  one  end  of  the  drum-shaft  is  placed  a  short  fleeting  drum, 
to  be  used  as  a  gipsy-winch. 

"It  is  evident  that,  if  the  two  pinions  are  simultaneously  in  contact 
with  the  two  spur-wheels,  no  motion  can  ensue,  as  they  act  as  friction- 
brakes  upon  each  other.  The  engine  being  started,  and  regulated  by  a 
governor,  the  mode  of  operation  is  as  follows  : — It  being  required,  for 
instance,  to  raise  a  light  weight,  the  lever,  B,  upon  the  eccentric,  next  the 
large  wheel,  is  raised  until  it  takes  into  a  spring  catch,  which  maintains 
wheel,  C,  above,  and  out  of  contact  with  its  pinion,  D.  At  the  same  time  the 
lever  on  the  eccentric  near  the  spur-wheel,  E,  is  depressed  until  the  wheel 
is  brought  into  close  contact  with  its  pinion,  H,  in  which  position  it  is 
retained  by  a  spring  catch,  and  is  rotated  about  one  revolution  to  three  of 
the  engine.  Should  it  be  required  to  raise  a  heavier  weight  by  raising 
lever,  A,  and  depressing  lever,  B,  the  wheel,  E,  is  thrown  out  of  contact 
with  its  pinion,  and  the  larger  wheel,  C,  is  brought  in  contact  with  the 
smaller  pinion,  D,  in  which  position  it  is  held  by  the  spring  lever  taking 
into  a  spring  catch;  and  it  receives  a  motion  of  one  revolution  to  nine  of 
the  engine,  increasing  the  power  in  the  ratio  in  which  its  motion  decreases. 
The  proportions  of  the  wheels  may  be  varied  to  any  extent.  This  machine 
runs  without  noise,  consumes  less  power  than  coarse  friction -grooves  or 
toothed  gear,  and  is  not  liable  to  break  or  get  out  of  order.  It  gives  two 
motions,  or  powers,  which  can  be  changed  instantaneously,  one  for  the 
other,  without  any  extra  strain  or  jerk  upon  the  machinery — making  it 
operate  in  a  superior  manner.  As  arranged  with  the  oscillating  engine, 
made  by  the  same  manufacturers,  it  is  very  light  and  strong,  and  occupies 
less  room  than  any  other  style  of  the  same  capacity. 


UNITED  STATES  PATENT  OFFICE. 

It  will  be  seen  from  the  circular  issued  by  the  commissioner  of  the 
Patent  Office  of  the  United  States  that  he  has  conceived  the  laudable  idea 
of  making  for  his  library  a  gigantic  collection  of  literature  orignally  in- 
tended for  advertisements  but  which  become  valuable  as  they  grow  obsolete, 
Thus  it  is  both  interesting  and  instructive  to  compare  drawings  and 
estimates  of  various  manufactures,  &c,  of  twenty  years  ago  with  those  of 
the  present  date,  or  to  trace  year  by  year  the  various  stages  of  improve- 
ment any  particular  manufacture  has  undergone  from  its  origin  up  to  this 
time.  There  are  various  other  uses  of  such  a  collection  which  need  not  be 
mentioned  as  they  arc  alluded  to  in  the  circular ;  but  we  may,  perhaps,  be 
permitted  to  hint  that  it  might  be  worth  the  attention  of  the  authorities 
at  our  own  Patent  Office. 

"It  is  desirable,  for  purposes  of  reference,  to  obtain  for  the  library  of 
this  office,  copies  of  all  illustrated  catalogues,  price  lists,  and  circulars.  In 
many  cases,  where  no  illustrations  are  given,  such  lists  and  catalogues  are 
of  great  service  in  determining  the  meaning  of  words  used  in  the  arts,  and 
for  other  purposes. 

"  It  would  seem  particularly  appropriate  that  the  library  of  the  Patent 
Office  should  be  made  a  place  of  deposit  fir  this  unrecorded  literature  of 
the  arts,  which  would  otherwise,  in  a  few  years,  be  entirely  lost.  Some  of 
the  most  valuable  books  in  the  library  ate  such  lists,  tome  of  them  now 
fifty  years  old. 

"That  such  a  means  of  preserving  for  all  time  pamphlets  of  this  sort  is 
offered,  should  alone  be  an  inducement  to  all  interested  to  aid  in  making 
this  collection  us  complete  as  possible. 

"  Three  copies  in  general  should  be  sent,  one  for  permanent  deposit  in  the 
library,  and  two  or  more)  for  the  use  of  the  examiner  ;  but  all  of  them  to 
belong  to  the  lihrary,  and  to  be  in  charge  of  the  librarian. 

•'  Win  ti  successive  editions  are  published,  each  new  one  should  be  sent. 

"  Everything  of  this  kind  directed  to  the  Commissioner  of  the  Patents, 
Washington,  and  sent  to  the  care  of  his  agents,  Stevens  Brothers,  17, 
Henrietta  street,  Covenl  Garden,  London,  W.C.,  will  be  most  thankfully 
received  bv  the  Commissioner." 


nflfltfgg   SHIPBUILDING    OH    THE    TYNE. 

The  following  is  a  summary  of  the  iron  ships  built  at  the  principal  ship- 
building yards  on  the  Tyne  during  the  year  180S  :  — 

At  Smith  Shields— The  John  Smart,  the  Tunit,  Marinn,  1'ait/in,  and 
Catherine,  all  powerful  steam  tugs,  for  Constantinople;  the  Stanley  mA 
other  steam  tugs  for  home  trade  ;  the  iron  screw  steamers  Arcadia  and 
Peri  for  the  Orkney  mail  service  ;  the  tug  Lord  Warden  lor  the  Thames; 
the  Kingflther,  120-horse  power,  for  Liverpool;  Sir  Robert  Napier  a 
-ailing  vessel,  classed  for\12  years;  an  iron  sailing  vessel,  Caricat,  for 
Nantes,  and  the  clipper  built  iron  ship  l'eri,  for  South  Shield  owners. 
Orders  arc  ou  hand  for  some  more  tugs  for  Constantinople,  and  mail 
•  t  Miners  for  the  Orknevs ;  also  the  Constantino,  50-horsc  power,  for 
Galatz,  and  Robin  Hood  for  Genoa ;  Maggie  Smart,  60-horse  power,  for 
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Constantinople  ;  and  Robin  Hood,  to  trade  on  the  Tyne  ;  and  the  Flying 
Sprite  for  the  Clyde. 

At  Jarrow — 14  large  iron  ships,  including  four  sailing  ships — the 
Porticia  Knight  'Bachelor,  Treasure  Trove,  and  Beau  Ideal,  each  over 
1,  400  tons ;  a  large  fine  steam  yacht,  for  Earl  Vane ;  also  the  Hellas, 
SO-horse  power,  for  Constantinople ;  iron-clad  Monitor  war  screw  steam- 
ship Cerberus,  lor  Melbourne :  the  Alexius  Acatosa  screw  steamer,  of 
90-horse  power,  867  tons,  built  for  the  Grecian  trade ;  the  Nevada,  a  large 
iron  screw  steamship,  for  the  Liverpool  and  Great  Western  Steam  Ship- 
ping Company,  of  Liverpool  and  New  York ;  and  five  other  powerful 
screw  steamers  for  general  trade.  The  amount  of  tonnage  launched  at 
Jarrow  during  the  year  amounts  to  16,728  tons,  and  the  horse  power  of 
the  steamers  amounts  to  1,440.  In  addition  to  the  foregoing,  there  are 
about  5,000  tons  of  Shipping  at  Jarrow  ready  to  launch,  and  8,000  tons 
more  in  various  stages. 

At  Hepburn  a  large  number  of  vessels  have  been  launched  during  the 
year,  amongst  which  was  the  Neva,  a  large  screw  steamer  of  2,500  tons, 
for  Liverpool,  intended  to  trade  between  Bombay  and  Suez;  two  large 
screws  for  Liverpool,  and  a  large  paddle  steamer  for  the  London  and  North 
Western  Kailway  Company,  to  carry  passengers  between  Holyhead  and 
Dublin.  Ten  various-sized  irou  vessels  besides  are  now  on  the  way  at 
Hepburn  in  course  of  construction,  including  two  large  ships  for  a  Russian 
company,  and  six  barges  for  the  Russian  trade. 

At  Wellington  36  steamers  have  been  on  the  slipway,  principally  vessels 
ove  1,000  tons  each,  including  the  Princess  Alice,  now  trading  between 
Aberdeen  and  Hull,  which  was  lengthened  20ft.  The  tanks  were  built  at 
Willington  for  the  Archimedes  screw  steamer,  which  laid  the  telegraph 
cable  between  Denmark  and  Newbiggin-by-the-Sea. 

At  Wallsend — Pfeil  screw  steamer,  780  tons,  80-horse  power,  for  the 
coal  trade ;  Keilder  Castle,  for  the  Northumberland  Steam  Shipping 
Company,  936  tons,  and  100-horse  power,  for  the  Mediterranean  Trade; 
LecJcwith,  556  tons,  75-horse  power,  for  the  Spanish  Trade;  one,  1,252 
tons,  for  the  Indian  and  China  Trade.  There  are  on  the  ways  now  at 
Wallsend  one  sailing  ship,  of  1,250  tons ;  one  screw  passenger  steamer,  of 
800  tons,  and  100-horse  power ;  and  one  screw,  of  550  tons,  and  70-horse 
power. 

At  Low  Walker — A  number  of  iron  steamers,  ranging  from  36-horse 
power  to  90-horse  power.  The  list  includes  a  paddle  steamer  for  the 
Northern  Lighthouses;  a  mail  steamer  for  the  Norwegian  service;  a 
paddle  tug  for  the  Danube,  for  the  Tanias  Company,  Rostoff,  on  the  Don, 
where,  it  is  said,  large  coalfields  have  recently  been  found ;  a  steamer  for 
Constantinople;  one  specially  designed  to  carry  pyrites  from  Norway;  and 
others  for  the  Baltic  Trade.  Several  others  are  on  hand,  including  orders 
for  the  Tanias  Company  and  the  Norwegian  Mail  Service. 

At  Walker  (High)— One  steamer,  of  519  tons,  for  Norwegian  Mail 
Service ;  one  steamer,  of  102  tons  and  15-horse  power,  for  the  Indian 
Government ;  six  steamers,  of  5,439  tons  and  600-horse  power,  for  British 
Owners,  for  home  and  general  trade;  five  steamer;,  of  1  728  tons  and  385- 
horse  power,  for  Russian  service  on  internal  sea3  and  rivers  in  that  country ; 
eight  sailing  barges,  7,844  tons,  for  Russian  service.  At  present  building — 
One  screw  steamer,  of  794  tons,  for  Norway  ;  two  paddle  steamers,  of  541 
tons  for  Russia  ;  four  screw  steamers,  for  British  Owners;  and  one  sailing 
vessel,  of  825  tons,  for  British  Owners. 

During  the  last  12  month,  16  sailing  ships  have  been  added  to  the 
registry  of  the  Port  of  South  Shields.  Five  of  these  are  new  ships 
built  in  the  Wear,  of  the  respective  tonnage  of  262,  237,  368.  456,  aud  193 
tons— new  tonnage,  in  the  whole,  1,516  tons.  The  other  11  added  to  the 
registry  were  built  previous  to  1868,  representing  6,428  tons ;  six  of  these 
ships  are  American  built— one,  1,012  tons,  bnilt  in  1853;  one,  1,243,  built 
in  1854;  one,  1,054,  built  in  1858;  one,  634,  built  in  1856;  one,  742, 
built  in  1852 ;  and  one,  414,  built  in  1843.  The  whole  tonnage  to  the 
Port  of  Louth  Shields  amounts  to  7,944  tons  ;  and  during  the  year  there 
have  been  lost  or  withdrawn  from  South  Shields  Registry  22  vessels, 
representing  8,450  tons.  The  result,  therefore,  shows  a  small  diminution 
in  the  aggregate  of  506  tons  less  Shipping  belonging  to  the  Port  of  South 
Shields  than  in  1867. 

At  Middlesborough,  last  year,  eight  vessels  were  added  to  the  Registry 
of  the  Port,  representing  1,518  tons,  all  of  which  were  built  at  Middles- 
borough  except  one,  which  was  built  at  Stockton.  During  the  year  six 
ships  were  lost  or  withdrawn  from  Middlesborough,  representing  1,346 
tons.  The  gross  tonnage  now  registered  at  that  Port,  therefore,  has  been 
increased,  as  compared  with  1867,  by  172  tons. 


Passenoee  Tbaitic  between  Fkance  and  Enoland.— The  number  of  passengers 
to  or  from  Prance  and  England  by  the  four  principal  ports  for  that  traffic,  was  as  follows 
durinifthe  year  1868;  Calais,  142,221  j  Boulogne,  109,365;  Dieppe,  35,577:  and  Havre, 
19,206. 


THE  GAS  SUPPLY  OF  THE  CITY. 

Dr.  Letheby  has  made  a  communication  to  the  Corporation  of  London 
on  this  subject.  In  July  last  an  important  Act  of  Parliament  was  passed 
for  improving  the  quality  of  the  gas  supplied  to  the  city  of  London  by  the 
several  city  gas  companies,  and  also  to  those  parts  of  the  metropolis 
supplied  by  the  Chartered  Gas  Company,  whereby  the  quality  of  the  ga3 
was  raised  from  a  standard  of  12  candles  to  14,  without  increase  of  charge 
to  the  consumer ;  and  with  the  view  of  securing  the  provisions  of  the  Act 
and  enforcing  penalties  in  all  cases  of  default,  a  chief  gas  examiner  is 
appointed  by  the  Board  of  Trade  to  receive  the  reports  of  the  daily  testing 
of  the  gas,  and  to  decide  all  matters  of  dispute  respecting  the  quality  of 
the  gas.  It  is  also  the  duty  of  the  chief  gas  examiner  to  report  to  the 
Corporation,  to  the  Metropolitan  Board  of  Works,  and  to  the  several  com- 
panies the  quality  of  the  gas  supplied  during  the  quarter,  and  in  this 
capacity,  and  in  accordance  with  the  provisions  of  the  71st  s^tion  of  the 
City  of  London  Gas  Act,  186  ■*,  Dr.  Letheby  has  recently  submitted  his 
report  to  the  Corporation  of  London,  from  which  it  appears  that  since  the 
Act  came  into  operation  on  the  1st  of  October  last  the  gas  of  the  several 
companies  supplying  the  city  has  been  tested  every  night,  at  intervals  of 
not  less  than  an  hour,  between  the  hours  of  5  o'oclock  and  10  o'clock.  The 
results  are  as  follows  : — Illuminating  power  in  standard  sperm  candles. — 
City  of  London  Gaslight  and  Coke  Company — maximum,  1630;  minimum, 
13-99;  average,  15-13.  The  Chartered  Gaslight  and  Coke  Compauy — 
maximum,  16-36  ;  minimum,  14T3  ;  average,  1526.  Tne  Great  Central 
Gas  Consumers  Company — maximum,  16'64  ;  minimum,  13"46  ;  average, 
14-90.  It  appears,  therefore,  that  the  illuminating  powers  of  the  gas  his 
ranged  from  13"64  to  16-64,  the  average  for  the  quarter  being  15-13  for  the 
City  Company,  15-26  for  the  Chartered,  and  14-90  for  the  Great  Central. 
The  daily  returns  show  that  on  three  occasions  only  the  gas  has  been  below 
the  standard,  and  these  were  no  doubt  due  to  causes  which  admit  of  satis- 
factory explanation.  With  regard  to  the  purity  of  the  gas  he  reports  that 
the  gas  of  the  Chartered  and  Great  Central  Companies  have  always  exhibited 
traces' of  ammonia,  but  that  the  gas  of  all  the  companies  has  been  constantly 
free  from  sulphuretted  hydrogen.  The  amount  of  sulphur  present  in  the 
gas  has  ranged  from  7'9  grains  to  26'52  per  100  cubic  feet,  the  proportions 
of  the  impurity  being  as  follows]: — Grains  of  Sulphur  per  100  cubic  feet  of  gas 
— City  of  London  Gaslight  and  Coke  Company — maximum,  22'28  ;  mini- 
mum, 10'64  ;  average,  16"89.  Tha  Chartered  Gaslight  and  Coku  Company, 
maximum,  26'52;  minimum,  11"01 ;  average,  2L93.  The  Great  Central 
Consumers'  Company — maximum,  24'94;  minimum,  7'90  ;  average,  14-24. 
The  smallest  amount  of  sulphur  has  been  in  the  gas  of  the  Great  Central 
Company,  and  this  is  attributed  by  Dr.  Letheby  to  the  excellent  system  of 
purification  adopted  by  that  company.  The  proportions  of  sulphur  have 
been  determined  by  the  instrument  known  as  Dr.  Letheby's  sulphur  test, 
which  is  that  recommended  for  use  by  the  Gas  Referees  appointed  nnder  the 
Act.  It  is  extremely  desirable  that  this  impurity  should  be  reduced  to  the 
smallest  quantity,  on  account  of  the  corrosive  action  of  the  pioducts  of  its 
combustion. 


TESTIMONIAL  TO  MR.  ROBERT  NAPIER. 
Nearly  three  years  ago  a  proposal  was  made  by  Mr.  J.  J.  Bagshawe,  Mr. 
W.  Smith,  and  a  few  other  leading  members  of  the  Institution  of  Me- 
chanical Engineers,  to  present  to  Mr.  Robert  Napier  a  testimonial,  both 
as  a  mark  of  esteem  as  an  old  president  of  the  institution,  aud  as  a  recog- 
nition of  bis  valuable  services  in  the  cause  of  marine  engineering.  This 
proposal  was  readily  responded  to,  and  it  was,  after  due  consideration, 
resolved  that  the  testimonial  should  take  the  form  of  a  bust,  as  being  the 
most  suitable  present  to  one  whose  works  will  live  after  him.  The  "  Napier 
Bust,"  by  Wyon,  which,  so  far  as  we  can  judge,  is  a  life-like  likeness,  was 
presented  to  him  on  the  16th  of  December  last,  just  in  time  for  the  cele- 
bration of  his  golden  wedding  day ;  and  we  trust  that  he  may  long  be 
able  to  point  with  satisfaction  to  this  acknowledgment  of  his  having  per- 
formed his  share  in  the  advancement  of  engineering. 


BRITISH  ASSOCIATION. 

ON  THE  ABRADING  AND  TRANSPORTING  POWER  OF  WATER. 
By  T.  Login,  Esq.,  C.E.,  F.R.S.E,  Executive  Engineer,  D.P.W.,  India. 

The  abrading  and  transporting  power  of  water  in  motion,  is  one  of  the 
most  important  agents  Nature  has  employed  in  adapting  the  world  for  its 
present  inhabitants. 

The  geologist  acknowledges  that  the  greater  portion  of  the  crust  of  this 
globe  has  been  transformed  by  this  agency ;  yet  it  does  not  appear  that  the 
force  exerted  in  bringing  about  these  great  changes  has  been  the  subject 
of  special  investigation.     We  have  simply  acknowledged  the  fact. 
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The  power  derivable  from  water  in  motion  has  been  known  from  the 
earliest  ages,  and  has  been  taken  advantage  of  by  man  ;  and  also  the  resist- 
ance water  offers  to  a  body  passing  through  it,  has  been  the  study  of  our 
greatest  philosophers ;  but  our  attempts  to  establish  the  laws  of  Nature, 
which  regulate  the  motions  of  fluids  up  to  the  present  day,  leave  much  to 
be  desired. 

No  better  proof  of  this  can  be  given  than  the  controversy  now  going  on 
regarding  the  Great  Ganges  Canal  between  the  greatest  engineers  India 
has  yet  produced  during  our  rule  ;  one  maintaining  that  what  is  called  the 
Madras  system  is  the  only  correct  one — namely,  slow  velocities  ;  and  the 
other,  that  that  system  is  not  adapted  to  Northern  India.  On  the  correct 
settlement  of  this  dispute  great  interest  depend,  for  not  only  is  it  a  subject 
for  the  philosopher  to  6tudy,  but  also  for  the  politician,  the  philan- 
thropist, and  Christian,  as  the  future  prosperity  of  this  great  continent  is 
bound  up  in  it. 

This  is  not  the  place  to  speak  of  how  the  welfare  of  such  a  large  portion 
of  the  human  race  depends  on  canals  properly  constructed,  but  it  is  well 
not  to  lose  sight  of  it.  The  object  of  the  writer  on  this  occasion  is  to  draw 
attention  to  the  abrading  and  transporting  power  of  water,  which  appears 
materially  to  effect  the  flowing  of  water  under  all  circumstances. 

Eight  yens  ago,  on  my  return  to  the  Ganges  Canal,  an  old  intelligent 
native  foreman  brought  to  my  notice  that  the  canal  bed  was  always  much 
deeper  in  March  than  in  October — that  is,  the  bed  got  partially  silted  up 
during  the  hot  season  while  the  Ganges  was  in  flood,  which  silt  was  swept 
away,  when  the  water  in  the  river  became  pure  in  the  cold  season.  Also 
iu  making  some  experiments  on  the  Solani  Aqueduct  on  the  relative 
velocity  of  the  surface,  mean  and  bottom  velocity  (the  result  of  which  will 
be  found  in  the  table  appended)  I  found  that  a  deposit  of  sand  had  actually 
taken  place  where  the  bottom  velocity  was  three  times  what  would  be  suffi- 
cient for  transporting  sand. 

Twelve  years  ago  I  had  the  honour  to  draw  the  attention  of  the  Royal 
Societv  of  Edinburgh  to  the  apparent  discrepancy  between  surface,  bottom, 
and  mean  velocities  in  my  paper  on  the  Irrawaddy.  The  above  facts  also, 
therefore,  only  led  me  the  more  to  doubt  the  accuracy  of  the  most  im- 
portant hydraulic  rules.  It  was  not,  however,  till  a  very  recent  dato  that 
my  attention  was  accidentally  drawn  to  the  vast  amount  of  power  Nature 
must  exert  in  transporting  the  debris  of  the  Himalayas  to  the  Bay  of 
Bengal ;  and,  with  its  permission  to  publish  them,  I  now  take  the  liberty 
of  bringing  to  your  notice  some  arguments  which  go  to  prove  that  the  slope 
required  to  be  given  to  artificial  river*  must  vary  in  accordance  with  the 
proportion  and  quality  of  the  earthy  matter  lirlil  in  suspension  by  the 
water.  With  the  Madras  canals  only  sli_-ht  slopes  of  5  or  G  inches  in  the 
mi!.-  ire  necessary,  for  there  the  rivers  roll  down  coarse  sharp  sand  from 
hilli  formed  of  primary  rocks,  for  the  surface  water  (except  in  the  very 
highest  floods,  when  the  canals  would  be  closed)  would  comparatively  be 
pure  all  the  year  round. 

Onr  rivers  of  Upper  India,  on  the  other  hand,  flowing,  for  the  greate 
portion  of  their  course  over  rocks  of  more  rec  lut  formation,  must  naturally 
hold  a  much  larger  proportion  of  e.irthy  matter  in  suspension;  conse- 
quently, a  much  greater  power — in  other  words,  slope— must  be  given  to 
our  canals  in  Upper  India.  Thus  both  Sir  Arthur  Cotton  and  Sir  Probey 
ley  were  right,  the  former  in  adopting  the  ancient  mode  of  irrigation 
of  the  old  Hindo  sin  Southern  India,  and  the  latter  in  following  in  the 
footsteps  of  that  great  Mahomedan  canal  engineer,  Ali  Murdan  Khan, 
who  Honrished  some  two  centuries  ago,  and  has  left  behind  him  several 
canals  to  testify  to  his  ability,  and  thu  flourishing  state  of  India  in  his 
time. 

Fortunately,  Nature  has  stepped  in  and  asserted  her  rule  in  rectifying 
the  canal  bed  as  so  ,n  as  the  -lone  was  brought  back  to  about  what  was 
originally  designed— namely,  15  inches  in  the  mile,  or  about  three  times 
the  gradient  necessary  in  Madras.  Hy  establishing  this  fact,  it  also 
becomes  self-evident  that,  though  irrigation  canals  in  Southern  India  are 
pted  for  navigation,  in  Upper  India  the  velocity  of  the  stream  is 
irily  much  too  great  to  he  easily  navigated. 

Having  thus  pointed  out  that  Nature  has  asserted  her  right,  I  take  the 
liberty  of  making  some  extracts  from  a  memorandum  I  submitted  to 
•rnraent;  and  as  it  brings  in  a  new  element  in  our  calculations  for 
determining  under  what  conditions  water  (lows,  I  trust  the  following  may 
not  he  without  interest,  and,  if  the  theory  he  hosed  on  facts,  may  lead  those 
nt'  you  who  take  an  interest  in  the  subject  to  further  investigate  the 
matter,  and  arrive  at  results  which  are  quite  beyond  my  powers: — 

First,  therefore,  all  our  rules  are  the  deductions  from  experiments  made 
on  pure  and  clear  water — a  state  of  things  we  seldom  meet  with  in  nature  ; 
but  if  we  throw  into  a  vessel  containing  water  some  foreign  matter,  and 
attempt  to  uniformly  mix  this  matter  in  the  liquid,  we  know  that,  a  con- 
siderable amount  of  muscular  power  has  to  be  exerted;  the  question 
naturally  asked,  therefore,  is  :  Has  not  Nature  also  to  exert  this  force,  and 
IS  not  the  water  retarded  in  its  flow  by  having  to  n«e  this  DOWeT,  though 
;iis  may  be  too  small  to  be  observed  in  dmoj  CBI 


The  next  step  is  to  try  and  discover  what  is  the  force  required  in  trans- 
porting earthy  matter  down  an  inclined  plain  when  water  is  the  6ole  agent 
by  which  it  is  carried — or  rather  what  is  the  quantity  of  earthy  matter 
which  water  of  given  depth  at  given  declivities  can  carry  down  by  holding 
this  matter  in  suspension.  Now,  at  starting  we  are  met  with  a  difficulty, 
as  this  must  depend  on  two  circumstances: — 

1st.  The  specific  gravity  of  the  matter  held  in  suspension. 

2nd.  The  shape  of  these  particles  as  well  as  their  size. 

Therefore  the  transporting  power  of  water  over  the  bed  must  depend  on 
the  nature  of  the  earthy  matter  to  be  transported,  as  well  as  the  velocity 
of  that  water ;  and  it  is  evident  also  that,  owing  to  the  enormous  force  re- 
quired for  the  conveyance  of  this  matter,  the  water  must  be  retarded,  or  in 
other  words,  dirty  water  requires  greater  slopes  for  the  same  velocity  than 
pure  water. 

As  an  extreme  case  when  water  contains  so  much  foreign  matter  as  to 
become  a  thick  mud,  it  can't  travel  except  at  excessive  slopes  ;  but  was  this 
water  freed  from  this  earthy  matter  it  would  immediately  rush  past  at 
enormous  velocities  tearing  up  rocks  or  whatever  came  in  its  way,  and 
this  would  continue  till  such  time  that  it  had  collected  enough  matter  for 
the  force  required  to  transport  it,  so  as  to  retard  its  velocity  and  establish 
the  necessary  equilibrium.  Thus  the  same  water  may  again  pass  over 
ground  with  very  excessive  slopes  without  doing  any  injury,  even  though 
the  soil  may  he  light,  which,  if  the  water  was  pure,  would  tear  up  the 
stiffest  clay  soils — nay,  should  there  be  a  slight  decrease  in  the  slope  there 
would  be  found  deposits,  and  no  sooner  is  this  water  lightened  of  its 
load,  than  it  is  ready  to  rush  off  again,  tearing  up  the  ground  till  a 
balance  is  again  established. 

This  example  is  just  what  we  find  to  be  the  case  with  some  of  our 
mountaiu  torrents,  such  as  the  Puttree  Nuddie,  where,  with  slopes  of  25ft. 
in  the  mile,  we  have  deposits  taking  place  rather  than  a  cutting  away 
where  it  crosses  the  Ganges  Canal.  We  also  find  that,  owing  to  these 
deposits,  the  course  of  the  torrents  is  often  diverted,  and  it  was  owing  to 
this  that  there  was  so  much  difficulty  in  keeping  the  torrents  to  one 
course. 

It  is  by  examining  extreme  cases  like  the  above  that  we  the  more  certainly 
arrive  at  some  explanation  why  certain  changes  occur,  where  the  causes 
at  first  sight  are  not  so  apparent  as  where  they  are  distinctly  marked.  The 
deduction  to  be  arrived  at  in  the  present  case  is,  any  reduction  in  the  slope 
of  a  silt-bearing  stream  will  at  once  cause  a  deposit  in  the  bed,  which  will, 
as  a  matter  of  coursV,  cause  continuous  changes  in  the  channel. 

Having  got  so  far — namely,  that  water  in  motion  can  transport  only  a 
given  quantity,  or  quality  of  matter  with  given  velocities  and  no  more,  we 
may  now  test  it  by  experiment. 

Take  for  example  a  clear  running  stream  with  such  a  velocity  that  it  is 
in  the  act  of  just  rolling  down  grains  of  coarse  sand  (coarse  sand  can  be 
moved  by  pure  water  with  a  bottom  velocity  of  one  foot  a  second,  and 
newly-deposited  clay  with  half  that  velocity.)  Take  and  mix  a  quantity 
of  earth  with  the  water  of  the  brook  a  little  higher  up,  and  we  shall  at 
once  find  there  is  a  deposit  taking  place  of  a  light  alluvial  soil  on  the  top 
of  the  coarse  sand  which  was  before  in  motion.  This  will  continue  so  long 
as  there  is  an  over  abundance  of  earthy  matter,  till  at  last  the  bed  gets  so 
silted  up  that  the  stream  will  begin  to  change  its  course,  going  from  side 
to  side,  cutting  new  channels  for  itself  through  the  mud  bank.  Leave  it, 
however,  to  itself  again,  and  we  shall  find  all  this  mud  disappear,  and  things 
come  back  to  their  former  state.  The  coarse  sand  will  again  be  exposed 
to  the  action  of  water. 

Now  let  us  see  how  this  acts  in  nature  on  the  large  scale.  First,  we 
have  rivers  rushing  over  rocky  beds,  rolling  and  pushing  forward  large 
masses  of  rock.  These  again  get  broken  up  into  boulders,  to  be  still 
further  ground  down  to  pebbles,  and  ultimately  eand,  iu  which  state  it  is 
to  be  found  a  few  miles  bolow  the  hills.  This  coarse  sand,  so  much  of  it 
as  the  river  can  carry  forward,  is  transported  direct  to  the  sea,  but  a 
large  quantity  is  left  behind,  forming  sand  banks  in  the  river,  thus 
causing  constant  changes  in  the  course  of  the  stream,  that  no  two  years 
is  it  alike.  If  the  state  of  things  continued,  and  the  river  was  in 
con-' ant  flood,  we  should  soon  have  the  river  raising  its  bed  ;  or  on  tin- 
other  hand  were  there  to  lie  no  llnods  !'  >i-  a  series  of  years,  und  only  pure 
water,   as  in  the   cold  teaaon,  I    Cftping   from  among  the  hills  the  ri\er   beds 

would  he  much  deepened.    Nature,  however,  so  balances  matters  that,  so 

far  as  it  affects  us,   the  average  levels   of   the   bed   and    the  Surface  nt    the 

wsti  r  remain  constant. 
Speaking    roughly    the    Granges    and    all    the    riven    of    Northern 

India    which    are    fed    by    the    inciting     of  the     snow,     may     hi'    said     to 
bo   six    months   in  llooil,   anil    the    remaining  si\,  the  water    is   pure,    being 

fed  from  springs,    The  discharge  during    the  hot  season  being  ten  times 
that  of  the  cold. 

With  a  canal,  therefore,  like  that  from  the  Ganger,  fed  from  a  river 
under  such  variable  eireuins'  aneU,  It  is  evident  that  it  must  be  adapted 
to  these  circumstance!  BO  be  found  only  hy  experience. 
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On  an  average  it  may  be  said  that  the  Ganges  canal  was  formerly  running 
at  a  slope  of  nearly  18in.  in  the  mile  if  not  more,  in  the  first  division, 
instead  of  15in.,  as  intended.  There  was  great  abrasion  on  the  bed  and 
banks  of  the  caual,  and  there  was  a  regular  cutting  back  on  the  works  to 
a  dangerous  extent  above  Toogulpore,  or  say,  for  the  first  40  miles.  Below 
this  and  for  the  next  10  miles  matters  appeared  balanced,  and  at  Jowlee 
there  was  a  deposit  to  a  considerable  extent,  so  much  so,  that  below  the 
regulator  the  stream  began  to  look  for  new  channels  for  itself,  which  it 
could  the  more  readily  do,  as  here  the  country  was  all  of  a  light  sandy 
nature.  In  spite  of  all  attempts  to  prevent  this,  the  stream  cut  some  500 
feet  into  the  right  bank,  and  the  channel  itself  had  silted  up  some  five  or 
six  feet. 

This  sand  deposited  on  the  bed  was  at  this  time  of  such  a  shifting 
nature,  that  it  was  difficult  to  determine,  either  by  lead,  or  measuring  rods 
the  correct  depth  of  water.  This  water  also  was  so  turbid  that  a  rupee 
was  lost  sight  of  at  15in.  below  the  surface.  No  sooner,  however,  was  the 
surface  slope  of  the  water  higher  up  brought  back  to  the  original  intended 
slope  than  a  very  great  change  took  place.  The  main  body  of  the  water 
was  soon  brought  back  to  the  main  channel.  The  sand  over  the  bed  was 
no  more  shifting.  There  was  in  fact  a  cutting  on  the  tail  of  the  Jowlee 
falls,  and  a  rupee  can  now  be  seen  at  depths  exceeding  2ft.  below  the 
surface.  Higher  up  again  all  dangerous  cuttings  of  the  bed,  and  falling 
in  of  the  banks  is  put  a  stop  to,  and  the  holes  below  the  bridges, 'which 
formerly  extended  to  below  the  level  of  the  foundations,  silted  up  to  near 
level  with  the  floorings,  and  all  along  the  bed  there  was  a  deposit  rather 
than  a  cutting  away.  The  mean  velocity  which  over  the  Solani  Aqueduct 
was  nearly  4|ft.  a  second  with  a  full  supply,  was  reduced  to  32ft.,  in  short 
the  velocity  became  such  that  all  immediate  danger  has  disappeared,  and 
the  canal  has  been  running  with  a  large  supply  for  some  time  back. 

In  arriving  therefore  at  a  conclusion,  with  the  above  facts  as  our 
guide,  the  question  we  would  naturally  ask  ourselves  is  this  :--Has  not  the 
proportion  of  earthy  matter  held  in  suspension  by  the  water  iri  the  river, 
from  which  the  supply  for  an  irrigation  canal  is  obtained,  everything  to  do 
with  the  slope  required  to  be  given  to  the  canal  ? 

Not  to  lose  sight  of  these  facts  it  will  be  better  to  state  them  again  in 
order : — 

1st.  All  silt-hearing  streams  when  in  train  only  transport  a  given  pro- 
portion of  earthly  matter. 

2nd.  That  this  proportion  depends  on  the  velocity  and  the  nature  of  the 
material  transported.  • 

3rd.  Any  increase  to  the  velocity  must  cause  a  tendency  to  cutting  and 
decrease  to  deposit. 

4th.  That  a  silt-bearing  stream  is  retarded  by  having  to  exert  a  force 
sufficient  to  transport  this  earthy  matter,  consequently  the  slope  acquired 
for  a  given  velocity  under  such  circumstances  mu-t  be  greater  somewhat 
than  if  the  water  was  pure. 

From  the  above,  therefore,  we  may  make  the  following  deductions  : — 

1st.  That  a  certain  velocity  can  only  transport  certain  proportions  of 
certain  descriptions  of  earthy  matter;  that  there  should  be  one  uniform 
slope,  as  far  as  practicable,  given  to  an  artificial  river  which  has  to  trans- 
port earthy  matter. 

2nd.  That  as  the  stream  when  in  train  cannot  pick  up  or  deposit  any  of 
this  earthy  matter,  it  signifies  little  if  the  canal  be  flowing  through  a 
sandy  or  clay  channel,  so  long  as  the  particles  held  in  suspension  are  not 
heavier  than  those  of  the  bed.  Where  they  are  heavier,  simply  an  ex- 
change will  be  effected,  and  where  they  are  not, "no  action  can  take  place  ; 
for  should  there  be  any  deposit  from  a  superabundance  of  earthly  matter 
this  fresh  deposit  will  be  most  easily  picked  up  when  the  water  again 
becomes  more  pure  in  the  dry  season. 

3rd.  That  should  the  train  of  the  stream  be  materially  effected — that  is, 
should  the  velocity  be  reduced  along  any  portion  of  the  course  of  the 
stream  a  deposit  on  the  bed  must  take  place  at  this  point,  aud,  as  a  natural 
consequence,  a  constant  changing  of  the  channel  must  follow,  unless  pre- 
vented by  a  constant  outlay  to  counteract  these  changes. 

4th.  That  no  sooner  is  the  stream  lightened  of  its  burden  at  this  point 
of  its  course  than  it  will  flow  with  greater  rapidity  lower  down,  particularly 
if  the  slope  be  somewhat  again  increased.  Consequently,  there  must  be  an 
action  on  the  bed  where  this  takes  place  with  a  corresponding  silting  up 
further  down.  Thus  by  introducing  irregularity  in  the  flow  of  the  stream' 
a  corresponding  irregularity  in  the  bed  of  the  canal  must,  as  a  natural 
consequence  follow,  which  once  begun  must  go  on  extending  and  in- 
creasing. 

What,  therefore,  appears  to  be  necessary  in  the  case  of  the  Ganges 
Canal,  and  all  other  canals  in  Northern  India,  is  to  give  the  canal  such  a 
slope  that  it  will  carry  forward,  and  deposit  uniformly  over  the  upper  half 
of  the  canal  bed,  half  of  this  earthy  matter,  which  enters  the  canal  during 
the  hot  season,  and  then  in  the  cold  weather,  when  the  water  is  pure,  pick 
up  this  deposit  and  carry  it  down  also  ;  or  there  should  be  the  means  of 
increasing  the  slope  when  the  water  is  turbid,  and  reducing  it  when  the 
water  becomes  pure. 


Now,  as  we  see  such  favourable  results  by  only  reducing  the  slope  of  the 
surface  of  the  Water  3in.,  or  rather  when  we  see  so  much  injury  was  done 
as  to  endanger  the  works  by  increasing  the  slope  only  some  3in.  over  what 
the  projector  by  his  experience  considered  the  extreme  limit  of  safety,  is  it 
not  probable  that  only  a  very  little  reduction  more  is  necessary,  probably 
not  more  than  2^in.  at  the  farthest,  so  why  not,  at  all  events,  try  this  in 
the  first  instance  before  we  determine  on  introducing  such  radical  changes, 
as  in  some  instances  reducing  the  slope  more  than  one-half,  which  may 
lead  to  most  serious  results,  which  only  can  be  discovered  when  too  late? 

If  a  slope  of  12in.  in  the  mile  be  necessary  to  carry  forward  the  earthy 
matter  of  the  Ganges,  it  is  evident  that  it  is  needless  to  think  of  drawing 
off  a  supply  from  a  point  so  low  as  Sookurtall,  as  the  irrigation  of  the 
Doab  could  not  commence  higher  up  than  the  district  of  Cawnpore. 

Nay,  further,  is  it  not  a  waste  of  time  calculating  out  projects  with  only 
one-third  of  the  required  slope,  and  have  we  not  constant  examples  with 
our  inundation  canals  that  the  slopes,  though  far  exceeding  4iu.  in  the 
mile  (I  may  say  8in.,  and  in  some  cases  even  12in.)  do  constantly  get 
silted  up  for  want  of  the  required  velocity  to  carry  onward  the  earth 
held  in  suspension  in  the  water  of  our  rivers  of  Northern  India  ? 

The  foregoing  paper  is  chiefly  extracts  from  the  memorandum  I  sub- 
mitted to  Government  in  June,  1866,  as  an  appendix  to  my  evidence 
before  the  Special  Committee  on  the  Ganges  canal,  which  committee  after 
due  consideration  came  to  the  conclusion,  "  that  by  slightly  raising  each 
set  of  falls,  so  as  to  reduce  the  surface  slope  by  about  lin.  per  mile,  the 
present  excavation  will  generally  answer,  and  a  considerable  outlay  will  be 
saved." 

I  need  hardly  add  that  this  has  been  approved  of  by  the  Home  Govern- 
ment, and  the  change  which  I  introduced  in  1862-3,  referred  to  in  the  body 
of  this  paper,  still  continues  to  act  favourably,  a  detailed  account  of  which 
will  be  found  in  the  proceedings  of  the  Institute  of  Civil  Engineers. 

In  conclusion,  I  should  state  that  during  the  last  two  years  I  have  had 
opportunities  of  watching  several  floods,  and  in  October  last  I  had  the 
fortune  of  seeing  the  Ganges  Canal  bed  laid  dry. 

What  I  have  seen  on  these  occasions,  instead  of  modifying  my  views, 
has  confirmed  them,  for  the  more  I  have  studied  the  subject  in  all  its 
bearings,  the  more  I  feel  satisfied  of  the  correctness  of  the  conclusions  I 
have  arrived  at,  namely,  "  that  certain  velocities  can  hold  in  suspension  a 
certain  load  of  silt,  and  this  load  cannot  be  changed,  whatever  soil  the 
current  flows  over,  be  it  hard  rock  or  loose  sand  :  with  any  increase  to  the 
velocity  there  must  be  a  tendency  to  abrasion,  with  a  decrease  to  deposit." 

The  practical  conclusions  to  be  arrived  at  ,if  this  he  correct,  are  most 
important,  and  go  far  to  simplify  matters,  not  only  in  the  construction 
of  irrigation  canals,  but  also  in  dealing  with  flowing  water,  under  all 
circumstances,  for  we  have  only  to  go  and  study  nature  under  similar 
circumstances.  In  the  case  of  an  irrigation  canal,  the  river  from  which 
the  water  is  obtained  at  once  becomes  our  guide,  or  where  a  river  has  to  be 
bridged  it  will  be  no  longer  necessary  to  make  detailed  surveys  of  catch- 
ment basins,  and  keep  extended  registers  of  rain  fall,  which  at  best  are 
but  approximations,  and  are  open  to  a  great  amount  of  error. 

Nature  knows  best  how  great  a  load  of  silt  can  he  carried,  and  we  may 
rest  assured  that  wherever  she  is  not  obstructed  the  proper  load  to  the 
velocity  and  depth  has  been  already  supplied,  so  it  matters  little  if  the 
velocity  of  a  river  be  2,  4,  6,  8,  or  even  10  feet  a  second,  so  long  as  we  do 
not  increase  or  diminish  that  velocity,  at  the  point  were  the  stream  leaves 
the  work,  be  it  a  bridge,  or  wear,  anicut,  or  tumbling  bay. 

What  the  engineer  therefore  has  to  do  is  to  give  the  same  sectional 
area  of  water  way  that  the  river  may  have  at  its  narrowest  point  below 
the  work,  taking  care  that  the  water  flows  off  smoothly,  that  is,  that 
there  be  a*  few  eddies  as  possible  on  leaving  the  works,  but  as  this 
rolling  or  whirling  motion  cannot,  on  all  occasions,  be  avoided,  a  slight 
increase  of  sectional  area  is  necessary. 

Again,  in  nature  we  never  find  water  flowrs  in  straight  lines,  but  has 
either  a  whirling,  or  what  appears  to  be  a  rotary  motion,  that  is,  any 
particular  particle  of  water  moving  down  a  stream  would  follow  the  course 
of  auy  point  on  the  perimeter  of  a  carriage  wheel,  rather  than  that  of 
the  axes.  Possibly,  therefore,  as  the  friction  of  dragging  a  carriage 
decreases  as  the  diameter  of  the  wheel  increases,  so  may  the  velocity  of 
the  stream  increase  with  an  increase  of  depth,  the  slope  remaining 
constant. 

This  may  account  also  for  the  reason  why  in  water  with  about  the 
same  mean  velocities,  but  of  different  depths,  the  transporting  power  of 
the  stream  of  earthy  matter  is  in  some  inverse  ratio  to  the  depth.  Thus 
the  Irrawaddy,  the  Solani,  Ratmoo,  and  Puttree  have  all  nearly  the  same 
velocity  in  flood,  about  five  miles  an  hour,  but  the  Irrawaddy,  with  a 
depth  of  upwards  of  70ft.  only  transports  l-1700th  of  its  weight  of 
earthy  matter;  the  Solani,  with  about  10ft.  deep  some  four  per  cent.,  the 
Ratmoo  8ft.,  5  per  cent.,  and  the  Puttree  5  feet,  7  percent. 

In  other  words,  this  rotary  motion  in  shallow  streams  is  greater  than 
in  deep  ones,  and  consequently  shallow  rivers  have  a  greater  power  to 
transport  earthy  matter,  with  the  same  velocities. 
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It  has  been  stated  that  water  in  nature  never  flows  in  straight  lines,  so 
in  passing  over  or  through  a  work,  it  cannot  signify  much  what  is  the 
shape  of  the  sectional  area  on  such  occasions,  so  long  as  it  is  again  able 
to  assume  the  same  section,  aB  it  has  in  nature  at  the  point  of  leaving  a 
work.  It  is  therefore  evident  the  depth  may  be  increased,  and  the  breadth 
decreased  where  a  river  is  bridged,  and  a  considerable  saving  effected 
under  due  precautions  without  danger.  While,  with  a  weir,  by  increasing 
the  length  of  lip  the  bed  may  be  raised  at  that  point  without  disturbing 
the  flow  of  the  river  either  above  or  below  the  work. 

Table  showing  the  surface,  mean,  and  bottom  velocities  over  the  Solani 
Aqueduct  in  February,  1862,  when  there  was  1ft.  at  the  RoorJcie  Bridge, 
and  the  proportional  differences  of  these  velocities  at  every  1ft.  across  the 
the  channel. 


Distance 
in  feet 

Velocitj   in  feet 
per  second. 

Proportions  of  differences. 

from     1 

Remarks. 

left  side 

of 
Channel. 

Sur- 
face. 

Mean. 

Bot- 
tom. 

Surface. 

Mean. 

Bottom. 

0 

7 

300 
3o0 

280 
3-30 

■     ■ 

260 

295 

10000 
10000 

93-33 
94-28 

8666 

84-28 

The  depth  of  water 
over  flooring  of  aque- 
duct was  8-20ft.    The 

14 
21 

3'85 

415 

3-60 
3-80 

325 
345 

10000 
100-00 

93-50 
91-56 

84-42  ' 
81-09  : 

slope  of  surface  of 
water  was  1  "005ft.  in 
the  mile  at  the  point 

28 

435 

4-00 

350 

100-00 

91.95 

80-46 

of  observation. 

35 

4-55 

4-15 

355 

100-00 

91-09 

78-02 

42 

475 

4-35 

3-60 

100-00 

91-58 

75-79 

49 

490 

4-50 

365 

10000 

91-86 

74-49 

66 

495 

4'55 

3-70 

100-00 

91-92 

74-74 

63 

500 

4'55 

375 

10000 

91-00 

75-00 

70 

500 

4'55 

380 

10000 

91-00 

76-00 

77 

4-80 

4'45 

370 

100-00 

91-79 

77-08 

84 

4-40 

3-90 

340 

100-00 

88-64 

77-27 

Average 

4-40 

4-04 

347 

1  100-00 

9204 

7910 

The  above  results,  however,  are  obtained  from  a  perfectly  smooth, 
uniform  channel,  with  perpendicular  sides,  and  having  no  obstructions 
from  either  bends  or  irregularities  of  the  bed,  taken  during  a  perfect 
<  aim,  with  a  volume  of  water  nearly  equalling  3,000  cubic  feet  a  second, 
passing  down  each  channel. 

We  must,  therefore,  expect  a  greater  mean  velocity  in  proportion  to  that 
of  the  surface,  than  in  a  river  with  bends  and  an  irregnlar  bottom.  In 
all   the   experiments  on  the   Ganges   Canal,  it  was  found  that  the  mean 

velocity  exceded  the  the  calculated  mean  velocity  (b  =  (Vs  —  l)2  and  — - — 

=  mean  velocity,  as  given  by  Beardmore),  and  it  will  be  found  that  as  the 
depth  increases  so  will  the  difference  between  the  surface  and  mean 
velocities  decrease,  and  that  between  the  surface  and  bottom  increase.* 


TBI  LONDON  ASSOCIATION  OF  FOREMAN  ENGINEERS. 


The  sixteenth  annual  meeting  of  members  took  place  on  Saturday,  the 
2nd  ult.  It  was  exceedingly  well  attended,  and  the  chair  was  occupied  by  Mr. 
J.  Newton.  The  first  business  of  moment  consisted  in  the  presentation  of 
the  balance  sheet  of  the  last  half  year,  and  the  report  thereupon  of  the 
auditors— Messrs.  Irvine  ami  Bnlleugb.  From  these  documents  we  gather 
the  Association,  in  spite  of  the  continued  depres-i  in  "f  trade,  is  in  a 
Mtisfoctory  condition,  numerically  and  financially.  The  number  of  ordi- 
nary members  is  104,  and  of  honorary  members  f!  I — total,  168.  The  general 
fund,  invested  or  in  band,  amounts  to  £429  2s.  t  Id.,  and  the  superannua- 
tion fund — the  interest,  upon  which  only  is  available  for  the  partial  rap- 
port of  decayed  foremen — equals  B908  L8e.  The  fund  for  the  solace  of 
widows  and  orphans  is  very  minute,  amounting  to  £'10  only.  [I  i 
ribed  to  homcBopathically,  to  all  appearance,  by  ordinary  members 
solely.    During  the  past  year,  £108  were  paid   to  unemployed  associates, 

and    ,C:(3    as    solatia    to    the    families    of    those    who    died    in    the    Same 
period. 

The  balance  sheet  and  report  were,  after  some  discussion,  unanimously 
accepted.    Mr.  Briggs  having  explained  the  nature  and  agreeal 


•  4s  this  subjeot  Is  now  attracting  considerable  attention  we  think  do  apology  is 
d  for  inserting  this  valuable  paper,  though  several  month',  old, 


of  his  visit  to  the  Leeds  Association  of  Foremen,  which,  too,  is  in  a  thriv- 
ing condition,  Mr"  Newton  proceeded  to  deliver  the  president's  annual 
address.  This  was  of  considerable  length,  and  of  much  interest,  but  it  is 
not  possible  for  us  at  present  to  give  it  in  extenso.  After  alluding  to  the 
gratifying  fact  that  the  Institution  is  steadily  progressing  and  gaining 
more  and  more  the  countenance  and  support  of  employers,  Mr.  Newton 
furnished  biographical  sketches  of  Messrs.  Tomlinson  and  Clark,  two 
associates,  whose  deaths  occurred  in  13G8.  Mr.  Tomlinson  was  foreman  of 
boiler  makers  at  the  Royal  Dockyard,  Woolwich,  and  Mr.  Clark,  foreman 
of  moulders  to  Messrs.  Maudslay,  Sons,  and  Field.  Details  were  given  of 
their  professional  careers,  of  their  personal  characteristics,  and  of  their 
scientific  acquirements.  It  was  (observed  the  president)  a  matter  of  regret 
that  the  materials  for  these  biographies  were  scanty,  although  it  was 
known  that  both  associates  had  passed  through  many  vicissitudes.  "  Were 
we  one  and  all  to  keep  diaries,  and  make  careful  note  of  our  labours,  our 
cares,  oar  hopes,  our  fears,  our  disappointments,  and  of  our  triumphs  over 
difficulties,  what  interesting  and  valuable  memoirs  might  not  be  written, 
by  kindly  hands,  of  the  foremen  engineers  ?" 

Turning  next  to  the  Association  itself,  the  president  reviewed  its  pro- 
ceedings in  the  past,  and  indicated  what  he  considered  should  be  its  course 
in  the  future.  The  early  efforts  made  for  its  establishment  had  been  well 
sustained  by  its  founders,  and  the  Institution  was  at  that  moment  healthy 
and  vigorous.  Energy  and  activity,  however,  on  the  part  of  every  member 
were  essential  for  the  promotion  of  its  future  prosperity.  Apathy  was  the 
evil  to  be  contended  against — the  rock  ahead  which  must  be  removed. 
"  Let  but  the  intellectual  strength  and  the  practical  knowledge  of  the 
associated  foremen  be  put  forth  and  developed  in  the  lecture  room  as  they 
were  in  the  factory,  and  their  society  would  take  a  high  place  in  the 
estimation  of  scientific  men  of  every  grade.  From  a  knowledge  of  the 
materials  of  which  the  Association  is  composed,  I  am  inclined,"  said  Mr. 
Newton,  "  to  predict  that  a  day  will  come  when  the  affixing  of  the  initials 
F.E.,  as  coustituting  membership,  will  entitle  those  who  use  them  to  an 
amount  of  consideration  second  onlv  to  that  accorded  to  the  C.E.  and  the 
M.E.  It  rests  with  members  themselves  to  achieve  this  elevated  position 
for  the  Association." 

The  necessity  of  iucreasing  largely  the  facilities  for  technically  instruct- 
ing youth  intended  for  the  workshop  was  dwelt  upon  with  much  emphasis, 
and  at  considerable  length,  and  Mr.  Newton  concluded  his  remarks  by  thank- 
ing members  generally  for  the  uniform  kindness  he  had  experienced  on  all 
occasions  at  their  hands.  His  tenth  year  of  office  had  now  expired,  and,  as 
an  old,  band,  he  trusted  he  might  retire  into  private  life  with  a  "  fair"  certifi- 
cate. Retirement,  however,  was  not  allowed  to  the  president  on  this 
occasion,  for  Mr.  Newton  was  at  once  re-elected  to  the  office  on  the  motion 
of  Messrs.  Hosken  and  Keyte,  the  two  oldest  members.  Mr.  Keyte  was 
re-chosen  as  vice-president ;  Messrs.  J.  Irvine,  Cutler,  and  Dewer  were 
appointed  members  of  the  Committee  ;  and  Mr.  Edmonds,  of  Woolwich 
Arsenal,  was  elected  as  auditor  for  the  ensuing  half  your.  With  a  vote  of 
thanks  to  Mr.  Newton  for  his  address,  the  business  of  the  evening  came 
to  a  close. 

We  have  since  learnt,  with  much  satisfaction,  that  Joshua  Field,  Esq., 
C.E.,  has  consented  to  preside  at  the  anniversary  banquet  of  the  Association 
on  February  20. 


INSTITUTION  OF  CIVIL  ENGINEERS. 

ON  MACHINES  EMPLOYED  IN  WORKING  AND  BREAKING  DOWN 

COAL,  SO  AS  TO  AVOID  THE  USE  OF  GUNPOWDER. 

By  Mr.  S.  P.  BlDDBB,  .Inn.,  Assoc.  Inst.  C.E. 

It  was  stated  that  the  object  of  this  communication  was  to  direct  attention 
to  the '  winning '  of  coal  by  mechanical  appliances,  with  the  view  of  obviating 
the  loss  in  production  and  the  danger  to  toe  colliers,  whioh  were  incidental  to 
the  use  of  gunpowder.  Several  inventions  for  tin-*  purpose  were  described,  in- 
cluding the  machines  of  Mr.  Cochrane,  Mr.  Chubb,  Mr.  Grafton  Jones,  and  Mr. 
Farum;  audit  was  remarked  that  the  great  defect  in  all  these  machines  was 
their  limited  expansive  power,  which  did  not  exceed  .'Sin.,  and  whioh  in  praotioo 
proved  to  be  insufficient  for  breaking  down  a  mass  of  coal  in  a  workable  state. 
Machines  for  cutting  grooves  or  slots  in  the  coal  bad  also  been  tried,  but  it  was 

said  only  with  part  ml  8U1 

After  fully  considerin  the.  va  ious  systems,  tho  author  had,  in  oonjunotion 
with  Mr.  John  Jones,  devised  a  machine  which  had  been  submitted  to  actual 
trial  on  a  working  scale  at  the  rlaro  istle  Colliery,  where  the  results  wei 

satisfactory  as  to  induce  the  proprietors  to  make  arrangements  for  its  in diate 

adoption.    The  machine  consisted  of  a  small  hydraulic  presi  ol   LStom  power, 
to  whioh  was  attached  a  pair  of  tension  bars,  bent  in  the  form  of  a  connect) 

rod  or  hinge-strap,    These  were  pi      ir  the  other  in  the  borehole,  and 

between  them,  at  the  extrem  •  were  a  clearance  boi  and  two  metal 

ag blocks, between  winch  v,:i>  forced,  by  the  action  ot  the  hydraulio pi 
a  -plit  wedge  L6in,  long,  causing  a  lateral  expansion  ot  8in,    The  nun  »^  then 

withdrawn,  ami  a  second  wedge  was  inserted  between  the  tWO  parts  of  the  fust 
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wedge,  and  was  forced  up  until  sufficient  expansion  was  obtained  to  break  the 
coal.  The  operation  could  be  repeated  several  times  if  fonnd  necessary.  The 
whole  apparatus  would  weigh  about  501bs.  The  hydraulic  press  was  in  future 
to  be  made  made  of  steel,  and  the  ram  would  be  cored  out.  In  practical  working, 
each  gang  of  colliers  would  be  provided  with  the  tension  bars  and  three  wedges 
while  the  presses  would  be  under  the  charge  of  the  men  who  at  present  occupied 
the  position  of  firemen,  so  that  no  new  class  of  labour  would  be  introduced, 
while  the  risk  of  firing  would  be  got  rid  of.  Trials  had  been  made  both  in 
the  7ft.  and  the  9ft.  seams  at  Harecastle ;  and  in  the  latter,  with  three  wedges, 
about  12  tons  of  coal  had  been  brought  down  in  only  three  or  four  pieces.  It 
was  found  that  the  press  could  be  applied  and  the  blocks  brought  down  in  less 
time  than  was  consumed  bjr  firing  and  waiting  for  the  smoke  clearing. 

Explosions  in  mines  were  known  to  arise,  very  frequently,  from  the  emploj'- 
ment  of  gunpowder  for  blasting.  In  the  interests  of  humanity  alone  an 
efficient  substitute  had  long  been  desired  by  practical  men ;  and  "this,  it  was 
believed,  had  been  accomplished  by  the  machine  under  consideration,  which  had 
also  the  advantage  of  preventing  the  waste  of  coal  incurred  by  the  present 
system. 


ON  COAL  GETTING  MACHINERY,   AS  A   SUBSTITUTE   FOR   THE 

USE  OP  GUNPOWDER. 

By  Mr.  C.  J.  Chubb. 

It  was  remarked  that  the  improvements  now  needed  in  the  art  and  practice 
of  coal-mining  might  be  thus  specified — first,  to  ensure  greater  safety  to  the 
men  employed  in  working,  and  secondly,  to  obtain  the  coal  in  better  condition, 
and,  by  preventing  as  much  as  possible  the  loss  arising  from  waste,  to  make 
more  fully  available  all  the  remaining  resources  of  the  coal  fields.  It  was  con- 
tended that  the  use  of  gunpowder  and  the  operation  of  blasting  must  be 
altogether  abandoned ;  and  the  problem  to  be  solved  was,  what  force  could  be 
applied  which  should  be  equally  effective,  and  at  the  same  time  break  the  coal 
in  a  more  perfect  manner.  The  author  thought  some  more  simple  and  prac- 
ticable means  of  getting  coal  by  mechanical  power  could  be  devised  than  the 
costly,  but  skilfully  contrived,  coal-cutting  machines.  His  first  idea  was  to 
apply  wedges,  acted  upon  by  hydraulic  force,  but  he  was  induced  to  abandon  that 
system,  owing  to  objections  to  the  use  of  wedges,  and  to  adopt  instead  an  ap- 
paratus consisting  of  twelve  plungers,  set  side  by  side  in  a  steel  bar,  which 
plungers,  when  acted  upon  by  water  from  a  hydraulic  pump,  would  separate  the 
bar  in  which  they  were  set  from  another  bar,  formed  in  the  shape  of  a  cover 
upon  the  plungers.  The  pressing  apparatus  was  25in.  long,  and  it  was  attached 
to  a  hydraulic  pump  by  a  tube  of  2ft.  in  length,  so  that  it  might  be  inserted 
into  the  coal  to  a  depth  of  about  3ft.  6in.  The  apparatus,  with  the  cover  on, 
was  4gin.  in  diameter.  When,  by  the  action  of  the  pump,  the  plungers  had 
reached  their  limit  of  2\'m.,  and  further  expansion  was  needed,  the  plungers 
were  readily  brought  back  to  their  first  position,  by  opening  an  escape-cock  for 
the  water,  when  a  lever  could  be  inserted  between  the  plunger  and  the  cover ; 
and  this  process  could,  of  course,  be  repeated.  In  practice,  however,  it  was 
found  that  the  first  expansion  to  Hin.  was  more  than  sufficient.  It  was  stated 
that  the  collective  area  of  the  plungers  was  24  square  inches,  and  as  the  pump 
could  exert  a  pressure  of  12  tons  on  the  square  inch,  a  total  pressure  of  288  tons 
could  be  brought  to  bear  on  the  coal. 

This  apparatus  had  been  tried  in  the  South  Wales  district,  where  the  coal 
was  of  the  most  varied  description.  It  was  observed  that  by  the  present  system 
of  blasting,  it  occupied,  on  an  average,  two  men  ten  hours  to  break  down  and 
fill  into  trams  4  to  5  tons  of  coal,  of  which  20  per  cent,  was  "  small,"  and  the 
remainder  much  shattered.  On  the  other  hand,  with  this  apparatus,  two  men 
could  readily  break  down  20  tons  in  one  hour,  which  could  be  filled,  when 
loosened,  at  the  rate  of  10  tons  per  man  per  day,  the.  whole  of  the  coal  so  ob- 
tained consisting  of  large  solid  pieces.  Again,  by  the  present  system,  in  order 
to  break  down  500  tons  of  coal  a  day,  from  a  "  four-foot"  seam,  a  "  face"  of 
600  yards  was  required,  whether  as  •'  pillar  and  stall,"  or  as  "  long  work  ;" 
whereas  with  this  apparatus  the  same  quantity  could  be  worked  from  300  yards 
of  "face."  In  this  way  there  would  be  less  space  requiring  to  be  ventilated,  the 
working  operations  could  be  concentrated,  and  facilities  would  be  afforded  for 
effecting  economy  in  other  respects. 


At  the  meeting  on  Tuesday  evening,  the  12th  ult.,  Mr.  Charles  Hutton 
Gregory,  President,  in  the  chair,  fourteen  candidates  were  balloted  for  and  de- 
clared to  be  duly  elected,  including  two  members,  viz. :  Mr.  William  Anderson, 
President  of  the  Institution  of  Civil  Engineers  of  Ireland ;  and  Mr.  Frederick 
William  Kitson,  Leeds  ;  and  twelve  associates,  viz. :  Mr.  Christopher  James 
Clarke,  Leicester ;  Mr.  Edward  Norton  Clifton,  East  India-avenue ;  Mr.  Thos. 
Dyke,  Engineer  to  the  Port  and  Harbour  Commissioners  of  West  Hartlepool ; 
Mr.  Richard  Massy  Greene,  Chief  Harbour  Engineer  to  the  Marine  Department 
of  the  Imperial  Customs'  Service  of  China ;  Mr.  Thomas  Hennell,  Adelphi ;  Mr. 
Anthony  Henry  Kessner,  late  Division  Engineer  on  the  Union  Pacific  Railroad  ; 
Mr.  Francis  Langford  O'Callaghan,  Executive  Engineer,  P.  W.D.  of  India ;  Mr. 
Wilson  Weatherly  Phipson,  Adelphi ;  Mr.  Lewis  William  Pritchard,  Engineer 
to  the  Western  Gas  Light  Company ;  Mr.  Warwick  Stevens,  Darlington  Works, 
Southwark  Bridge-road ;  Mr.  William  Henry  Treverton,  Surveyor  to  the  Lewis- 
ham  District  Board  of  Works;  and  Mr.  Major  Vidler,  Surveyor  and  Engineer 
to  the  Commissioners  of  Pevensey  Levels. 

It  was  also  announced  that  the  following  candidates  had  recently  been  ad- 
mitted by  the  council  students  of  the  institution  : — John  Addy,  John  Baumann, 
John  Brunlees,  Alpin  Grant  Fowler,  Oliver  Claude  Robsou,  Robert  Sharland, 
George  Stevens,  and  Joseph  John  Stiles. 


ANNUAL  GENERAL  MEETING. 

The  Report  of  the  Council  stated  that  during  the  past  session  there  had  been 
twenty-three  ordinary  general  meetings,  at  which  the  average  number  attend- 
ing had  been  244,  while  in  the  four  preceding  sessions  the  numbers  were  155, 
175,  192,  and  208  respectively.  At  these  meetings  papers  were  read  and  dis- 
cussions took  place  on  various  professional  subjects.  These  included  the  bene- 
fits and  expedients  of  irrigation  of  India,  Spain,  and  other  warm  climates, 
and  on  the  proper  construction  of  irrigating  canals ;  the  manufacture  and  wear 
of  railway  bars;  the  relation- of  the  freshwater  floods  of  rivers  to  the  areas  and 
physical  features  of  their  basins  ;  on  floods  in  the  Nerbudda  Valley,  with  re- 
marks on  Monsoon  floods  in  India  generally ;  on  the  Victoria  Bridge  on  the 
line  of  the  Victoria  Station  and  Pimlico  Railway;  on  new  railways  at  Battersea, 
and  the  widening  of  the  Victoria  Bridge ;  the  city  terminus  extension  of  the 
Charing  Cross  Railway,  embracing  a  description  of  the  Cannon-street  Bridge 
and  Station  ;  the  durability  of  materials ;  the  supporting  power  of  piles,  and  on 
the  pneumatic  process  of  sinking  iron  columns  as  practised  in  America;  and 
the  experimental  determination  of  the  strains  on  the  suspension  ties  of  a  bow- 
string girder.  Although  the  topics  thus  dealt  with  had  been  comparatively 
limited  in  number,  yet  it  was  believed  they  might  be  fairly  regarded  as  repre- 
senting some  of  the  principal  problems  now  engaging  the  attention  of  engi- 
neers. There  was,  for  instance,  probably  no  questiou  of  greater  national  im- 
portance, having  regard  to  the  interests  and  welfare  of  so  many  of  the  Queen's 
subjects,  than  that  of  irrigation.  Hitherto  the  records  of  the  Institution  had 
been  a  blank  upon  this  branch  of  engineering  practice ;  while  treatises  on  the 
subject,  at  least  in  the  English  language,  had  previously  been  almost  entirely 
wanting. 

For  these  communications  various  premiums  had  been  awarded,  which  were 
presented  after  the  reading  of  the  report,  including  Telford  Medals  aud  Tel- 
ford Premiums  of  books  to  Messrs.  G.  Higgin,  C.  P  Saudberg,  W.  Wilson, 
C.  D.  Fox,  and  J.  W.  Barry,  and  Lieut.-Col.  O'Connell,  R.E. ;  a  Watt  Medal 
to  Mr.  E.  Clark  ;  a  Telford  Medal  to  Mr.  W.  J.  McAlpine  ;  Telford  Premiums 
of  books  to  Messrs.  T.  Login,  A.  Wilson,  and  W.  Airy ;  and  the  Manby  Pre- 
miums of  Books  to  Mr.  A.  U.  Howden.  It  was  noted  tint  Mr.  E.  Clarke  had 
previously  received  a  Telford  Medal  from  the  Institution. 

With  respect  to  the  new  building  it  was  remarked,  that  as  soon  as  it  was 
determined  to  retain  the  existing  site  with  the  addition  of  the  back  part  of  an 
adjacent  house,  as  recommended  by  the  council,  a  lease  was  taken  for  99  years 
of  each  of  the  two  properties,  for  ±'450  per  annum  in  the  case  of  No.  25,  'Great 
George-street,  with  the  option  of  purchase  within  ten  years  for  £12,000,  and  in 
the  case  of  the  back  part  of  No.  24,  Great  George-street  for  £208  13s.  4d.  per 
annum,  with  a  like  power  of  making  it  freehold  for  £4,161  13s.  4d.  It  was 
mentioned  that  the  two  sums  last  named  were  the  net  amounts  which  would 
have  to  be  paid,  after  making  allowance  for  the  very  liberal  gifts  of  two  of 
the  owners,  viz.,  the  entire  of  Mr.  G.  R,  Stephenson's  interest  of  one-third,  and 
£503  in  diminution  of  Mr.  Bidder's  interest,  also  of  one-third. 

At  the  same  time  the  specifications  and  contract  drawings  for  the  works 
were  prepared  with  alternative  conditions  :  one  for  their  completion  and  delivery 
in  five  months,  so  as  to  be  ready  for  the  opening  of  the  present  session,  the 
other  for  their  performance  in  eight  months.  Tenders  were  received  from 
several  eminent  builders,  and  that  of  Messrs.  Holland  and  Hannen  being  the 
lowest  was  accepted.  That  firm  undertook  to  finish  the  building  according  to 
the  architect's  designs  in  five  months  for  a  sum  of  £11,650,  and  in  eight 
months  for  a  sum  ot  £11,100.  The  contract  was  based  on  the  first-named  alter- 
native, and  had  been  duly  fulfilled,  in  a  substantial  and  satisfactory  manner. 
In  maturing  the  details  of  the  plans  of  the  new  building  several  important 
modifications  had  been  made,  the  principal  being  the  addition  of  a  newspaper 
and  tea  room  on  the  ground  floor,  by  which  the  area  of  accommodation  for  the 
general  use  of  the  members  had  been  doubled,  and  the  introduction  of  a  glazed 
corridor  on  the  first  floor  level — a  further  valuable  concession  granted  by  the 
owners  of  No.  24,  Great  George  Street — by  which  it  had  been  possible  to  pro- 
vide four  public  entrances  to  the  meeting-room,  instead  of  two  only  as  origi- 
nally contemplated. 

Time  did  not  admit  of  the  whole  of  the  accounts  in  connection  with  the  new 
building  and  its  accessories  being  examined  and  settled  prior  to  the  close  of  the 
financial  year  of  the  institution  on  the  30th  of  November  last,  so  as  to  be 
included  in  one  statement  of  expenditure.  But  the  accounts  had  since  been 
collected,  so  that  the  council  were  enabled  to  state  that,  whereas  the  estimated 
outlay,  including  all  contingent  expenses  of  moving,  furniture,  &c,  amounted 
to  £16,810,  they  fully  believed  the  actual  cost,  including  some  furniture  not  yet 
delivered,  would  not  exceed  £17,250.  To  meet  the  liabilities  thus  incurred,  the 
council  decided  to  dispose  of,  in  the  first  instance,  the  building  fund,  being  the 
accumulation  of  fees  received  from  members  and  associates  on  joining  the  in- 
stitution ;  next  to  realise  the  unconditional  bequests ;  and  lastly  to  sell  so  much 
as  might  be  required  of  the  investments  made  from  time  to  time  out  of  sur- 
plus income.  The  first  two  sources  would,  of  course,  be  entirely  exhausted 
but  as  far  as  the  council  could  judge,  when  every  liability  was  discharged,  stock 
would  still  remain  in  hand  of  the  nominal  value  of  about  £3,000  to  provide 
for  future  contingencies.  The  Stephenson  Bequest  of  £2,000,  the  Miller  Be- 
quest of  £2,000,  the  Errington  Bequest  of  £1,000,  and  the  Locke  Bequest  of 
£2,000  would  hereafter  disappear  from  the  accounts,  but  the  names  of  these 
benefactors  would  be  held  in  grateful  remembrance  as  connected  with  the 
erection  of  the  new  building. 

A  notice  had  recently  been  served  on  the  institution,  that  application  was 
intended  to  be  made  to  Parliament  in  the  ensuing  session  for  an  Act,  under  the 
title  of  "  Public  Offices  Concentration  (Acquisition  of  Lauds),"  to  empower  the 
Commissioner  of  Her  Majesty's  Works  and  Public  Buildings  to  acquire  the 
property  held  by  the  Institution.  The  Council  had,  in  reply  to  this  notice, 
intimated  their  dissent  to  the  proposed  undertaking. 

The  council,  having   decided  to  institute  an  inquiry  as    to  the  systems  of 
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engineering  education  (other  than  military  engineering)  in  different  countries 
the  cost  to  the  students  and  to  the  respective  Governments,  and  the  effect,  or 
presumed  effect,  of  such  preparatory  training  upon  the  profession,  had  addressed 
a  circular  letter  to  numerous  technical  establishments  and  private  individuals 
abroad  and  at  home.  This  circular  had  been  fully  responded  to,  and  the  re- 
sult had  been  the  receipt,  quite  recently,  of  a  mass  of  materials  which  yet  re- 
mained to  be  arranged,  but  which  it  was  hoped  would  in  due  time  be  presented 
to  the  members.  While  on  the  subject  reference  was  made  to  the  munificent 
foundation,  in  perpetuity,  bv  Mr.  Joseph  Whitworth,  M.  Inst.  C.E.,  of  Thirty- 
scholarships,  of  the  annual  value  ot  £100  each,  as  to  which  a  communication 
was  brought  forward  from  the  council  at  one  of  the  ordinary  general  meetings 
last  sessions,  and  was  adopted  by  acclamation. 

During  the  past  sessions  45  members  and  105  associates  had  been  elected, 
while  the  deceases  resignations  and  erasures  together  amounted  to  34,  leaving 
an  effective  increase  of  116,  or  at  the  rate  of  7"41  per  cent,  on  the  present  num- 
ber of  members  of  all  classes.  This  rate  of  increase  had  only  been  exceeded  m 
the  years  1865  and  1860,  and  had  not  been  nearly  equalled  in  any  other  year 
except  1867,  when  there  was  an  increase  of  7.02  per  cent,  There  were  on  the 
hooks  on  the  30th  of  November  last,  16  honorary  members,  637  members,  and 
806  associutes,  making  a  total  of  1,519,  exclusive  of  students.  The  admissions 
to  the  class  of  students,  which  had  only  been  in  existence  one  session,  had 
amounted  to  the  same  date  to  133. 

The  deceases  announced  during  the  year  had  been  :— Sir  David  Brewster  and 
Lord  Brougham,  Honorary  Members  :  George  Rowdon  Burnell,  Alexander  Gor- 
don. Daniel  Gallagher  Grose,  George  Alfred  Jermyn,  Michael  Lane,  George 
Holsworthy  Palmer,  Thomas  Rhodes  and  William  Swinburne,  Members  ;  Henry 
Goulburn  Anderson,  Thomas  Long  Colley,  Isaac  Curran,  Andrew  Henderson, 
Peter  Hogg,  Frederic  Cornell  Reynolds,  Robert  Sharpe,  Francis  Adolphus 
Smart,  Thomas  Hitchin  Smith,  William  Strode,  William  Swann  and  John 
Vaughan,  Associates. 

In  reference  to  the  financial  position  of  the  Institution,  it  was  shown,  by  the 
abstract  of  accounts  for  the  year  ending  the  30th  of  November,  1868,  that  the 
income  proper,  exclusive  of  all  receipts  from  life  compositions,  building  fund 
fees,  and  dividends  of  even-  kind,  had  amounted  to  £5,633  3s.  3d.,  while  the 
ordinary  disbursements  hail  only  been  £3,607  Is.  8d.,  thus  leaving  a  surplus  of 
£1,065  188.  71.  But  when  to  this  sum  was  added  the  above  excluded  items, 
still  disregarding  all  trust  monies,  the  surplus  became  £3,210  Is.  0d.  In  the 
early  part  of  the  session  a  sum  of  £1,250  was  invested  in  the  purchase  of 
£1.011-  Is.  8d.  New  Three  per  Cents.  After  it  was  decided  to  proceed  with  the 
New  Building,  Mrs.  Locke's  special  donation  of  £200  was  paid  into  the 
general  account,  and  subsequently  the  treasurer  received,  from  the  Court  of 
Chancery,  the  Locke  Bequest  of  £2,000.  As  the  works  of  the  New  Building 
proceeded,  it  became  necessary  to  dispose  of  stock  to  meet  the  Architect  s  cer- 
tificates, and  the  amount  of  stock  so  sold  had  up  to  the  present  date  produced 
£10.2 10  1  s.  8d.,  with  a  loss  between  the  purchase  money  and  the  sum  realised  of 
B168  8s.  lod. 

The  nominal  value  of  the  realised  property  belonging  to,  and  under  the  charge 
of  the  Institution,  consisted  at  the  30th  of  November  last  of :— I.  General 
Funds,  612,056  Is.  8d.,  and  II.  Trust  Funds,  £12,110  15s.  lid.,  making,  to- 
gether with  the  cash  balance  of  £1,232  14a.  10d.,  a  total  of  £25,408  12s.  5d.  as 
against  629,633  10s.  2d.  at  the  date  ot  the  last  report.  This  represents  a  decrease 
of  £  1,225  3s.  :i  !.,  but  it  was  to  be  remarked  that  in  the  period  referred  to  a  sum 
of  £0,711  16b.  lOd.  had  been  paid  on  account  of  the  New  Building. 

In  conclusion,  the  Council  stated  that  they  had  much  pleasure  in  submitting 
this  narrative  of  their  administration  during  a  period  of  unusual  respon- 
sibility, and  they  hoped  their  labours  had  been  attended  with  advantage  to  the 
Institution. 

The  thinks  of  the  Meeting  were  unanimously  accorded  to  the  President  for 
his  zealous  efforts  in  the  interests  of  the  Institution;  to  the  Vice-Presidents 
and  the  other  Members  and  Associates  of  Council  for  their  co-operation  with 
the  President,  and  their  constant  attendance  at  the  meetings;  to  Mr.  Bidder 
and  to  Mr.  (1.  B.  Stephenson  for  their  very  liberal  contributions  in  aid  of  the 
New  Building;  to  the  Architect  for  the  -kill  shown  in  the  design  of  the 
Building,  and  to  the  Contractors  for  their  energy  in  carrying  it  out ;  to  Mr. 
Charles  Manby,  Honorary  Se  retary,  and  to  Mi.. lame-  Forrest,  Secretary,  for 
the  manner  in  which  they  bad  performed  the  duties  of  their  offices;  as  also  to 
the  Auditors  of  the  Accounts,   and  to  the  Scrutineers  of  the  ballot  for  their 


itlemen  were  ele<  ted  to  fill  the  several  offices  on  the 
year: — Charles  II    t    i   Gregory,    President;    Joseph  Cubitt, 
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performed  by  a  flow  of  water,  and  on  the  Suez  Canal  works,  where  water  is  in- 
jected into  the  tubes  or  channels,  conducting  the  material  from  the  dredges  to 
the  deposit  places,  outside  the  dykes. 

As  I  have  applied  the  same  principle  myself,  in  practice,  but  on  a  somewhat 
larger  scale,  I  will  proceed  to  give  a  short  account  of  my  experience  in  the 
matter,  hoping  it  will  be  of  some  use  in  similar  cases,  in  India. 

A  few  years  ago  I  was  entrusted  with  the  construction  of  a  division  of  a  rail- 
road, in  the  island  of  Java,  running  through  a  dense  jungle  for  several  miles ; 
and  amongst  other  works,  relatively  heavy,  I  had  to  excavate  a  cutting  of  about 
60ft.  deep,  necessitating  the  removal  of  a  cube  of  about  160,000  yards  of  hard 
clay,  over  a  mean  distance  of  600  yards.  The  only  means  of  transport  at  my 
command  was  by  baskets,  in  the  usual  way,  each  containing  a  little  less  than 
0.02  cube  yard,  or  about  half  a  cube  foot.  Under  those  circumstances  I  would 
not  have  been  able  to  get  more  work  out  of  each  coolie,  on  an  average,  than 
half  a  cube  yard  per  day.  However,  I  could  not  dispose,  at  the  utmost,  over 
more  than  1,500  men  at  that  point,  and  even  then  it  would  have  taken  me, 
moving  about  750  yards  a  day,  about  nine  months  to  get  through  this  cutting. 

In  this  case  I  bethought  myself  of  a  method,  much  used  by  the  natives  iu 
the  island  of  Java  in  constructing  their  weirs,  embankments,  and  roads,  to  save 
at  least  a  large  amount  of  transport. 

The  cutting,  laying  through  a  saddle  between  two  hills,  I  dug  three  rows  of 
catch-drains,  one  below  the  other,  in  contour  round  these,  in  which  all  the  rain 
and  well  water  was  collected  and  conducted  toward  the  top  of  the  cutting, 
where  it  was  received  in  a  channel,  running  down  along  the  centre  line,  towards 
the  adjoining  embankment  that  was  to  be,  into  a  kind  of  reservoir,  formed  by 
faggot-hedges  placed  along  the  toe  line  of  the  bank. 

The  system  of  working  now  was  as  follows : — As  soon  as  during  a  heavy 
shower  or  squall,  or  the  regular  monsoon  rains,  the  water  filled  the  catch-drains 
and  ran  down  the  centre  channel,  the  coolies  were  placed  along  and  on  both 
sides  of  it,  at  distances  of  3  to  5yds.  apart,  and  a  gang  of  men  began  to  exca- 
vate at  the  top  of  the  cutting,  throwing  the  loose  stuff  into  the  channel,  where 
it  was  soon  mixed  with  water,  and  this  mud  ran  down  the  incline  with  an  occa- 
sional shove  of  a  hoe  to  prevent  obstructions.  As  the  excavation  at  the  top  of 
proceeded,  the  men  lower  down  also  threw  stuff  in,  and  loosening  the  bottom 
of  the  channel  occasionally  kept  it  at  its  proper  incline.  The  mud  carried  down 
at  last  came  to  rest  in  the  reservoir,  where  it  soon  sank,  and  the  water  oosed 
away  through  the  facines  or  faggots  till  the  whole  reservoir  was  filled  or 
silted  full,  when  another  was  made  at  the  top  of  it,  in  the  same  way  following 
the  section  of  the  embankment.  This,  built  up  in  this  way,  was  almost  as  solid 
as  old  ground,  not  showing  any  symptoms  of  settling  or  slipping. 

I  always  endeavoured  to  keep  the  slopes  in  the  cutting  as  steep  as  possible, 
slewing  the  washing  channel  from  one  side  to  the  other  as  I  got  deeper,  and 
keeping  the  discharge  channel  under  the  greatest  possible  inclination. 

I  found,  practically,  that  4  tons  of  water  were  quite  sufficient  to  carry  1  cube 
yard  of  earth,  measured  iu  the  cutting,  down  an  iucline  of  1  in  50,  for  a  dis- 
tance of  800  or  1,000yds.,  with  an  occasional  help  down  here  and  there. 

The  catch-drains  enclosed  an  area  of  about  150  acres,  and  this  afforded  storm 
water  enough  to  wash  away  about  120,000yds.  in  4  months'  time.  The 
showers,  however,  falling  irregularly,  it  often  happened  that  I  could  only  wash 
for  a  couple  of  hours  per  day,  and  sometimes  only  twice  a  week,  never  em- 
ploying more  than  300  men  at  a  time,  and  often  less  than  200. 

If  we  compare  the  respective  costs  of  the  two  systems,  you  will  perceive  the 
great  advantage  in  the  one  just  described. 

The  expenses  stand  as  follows.  The  centres  of  gravity  of  the  two  prisms 
under  consideration  are  600  yards  apart : — 

Transport  by  Baskets. 
For  one  gang  of  32  men,  in  clay  (hard),  for  9  hours. 

5  getters  (10  yards). 

2  tillers. 

1  at  the  tip. 
24  carriers  (going  the  full  distance  1  times  per  hour). 

32  men,  at  lOd 320d. 

1  moonshee  or  mandoor 12d. 

8  new  baskets,  at  2d lOd. 

For  16  cubic  yards   348d. 

or  Is.  9Jd.  per  yard. 
By  WiSKim;. 
Using  the  storm  water  of  150  acres,  which,  at  an  average  shower  of  ,\  an  inch, 
would  givo  9,000  tons  of  water,  carrying  off  2,250  J  ards  of  stuff,  witli — 

At  the  top  of  the  cutting 20  nun 

Along  the  channel 80    „ 

Watching  the  reservoir    10    „ 

For  contour  gutters,  <&c 80    „ 

170    „  al 

170  coolies, at  is | 

o  i"  .2d "-. 

for  reservoir,  at  3d 

For  sluices,  weirs,  4c.  

::27s. 

Incidental    

■' ■ 

or  i-.i-jd.  per  cubic  yard. 
This  is  an  average  price.    Som 

Od   to  keep 
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the  tigers  off.  At  other  times,  again,  with  daylight  and  plenty  of  water, 
cubes  of  1,000  yards  disappeared  as  if  by  magic,  and  some  instances  have  been 
at  which  5,000  yards  were  moved  with  only  300  coolies.  I  have  not  over-rated 
the  rainfall,  as  I  have  known  instances  of  7  to  9in.  falling  in  24  hours,  and 
of  4£in.  to  5in.  in  two  hours'  time. 

The  whole  amount  of  water  used  for  this  work  is  not  known,  as  I  had  no 
regular  notings  of  the  daily  downfall  at  this  place.  But  we  may  compute 
it  roughly,  as  it  is  known  that  the  rainfall  in  India  in  the  hills  is,  on  an 
average,  llOin.,  sometimes  even  130in.  a-year.  I  will  say,  that  during  the 
four  months  of  washing  above  alluded  to,  we  had  a  rainfall  of  60in.,  we  have  an 
amount  of  60  x  120  x  150,  or  1,080,000  tons  of  water  for  the  area  of  150  acres. 
If  one-third  of  this  is  allowed  for  absorption  of  the  ground,  we  retain  720,000 
tons  for  removing  120,000  cube  yards  of  earth,  being  6  tons  per  yard,  or  one- 
half  more  than  wanted  for  an  average  condition. 

I  can  now  alone  add,  that  the  above-described  system  is  also  known  and 
used  under  the  name  of  Colmatage,  and  has  been  successfully  applied  on  other 
sections  of  the  same  railway  in  Java,  where  a  regular  supply  was  to  be  pro- 
cured from  rivers,  and  a  more  regular  organisation  and  progress  of  the  works 
could  be  obtained. 


UNITED   SERVICE   INSTITUTION. 

IMPKOVEMENTS  IN  SHIPS  OP  WAE. 
At  the  meeting  of  this  Institution  held  on  the  19th  ult.,  Captain  E.  A. 
Inglefield,  R.N.,  read  a  paper  explanatory  of  his  new  hydraulic  steering 
apparatus,  as  being  fitted  in  Her  Majesty's  ship  Achilles.  Having  commenced 
by  expressing  his  agreement  with  an  opinion  adduced  some  time  ago  that  the 
one  thing  connected  with  a  ship,  which  was  at  all  times  at  the  mercy  of  the 
waves,  was  the  steering  apparatus,  Captain  Inglefield  proceeded  to  say  that  the 
hydrostatic  hydraulic  system,  in  which  water  was  the  motive  power,  was 
superior  to  the  steam  hydraulic  system,  inasmuch  as  in  those  ships  in  which 
the  steering  apparatus  was  constructed  after  the  latter  plan  a  want  of  unifor- 
mity of  action  was  frequently  perceptible.  When  steam  was  employed,  con- 
siderable time  was  lost  in  preparing  the  engines  to  act  as  motive  power,  and 
the  waste  of  labour  was  also  considerable.  The  new  apparatus  could  be  worked 
from  the  pilot  house,  or  from  the  lower  or  middle  deck,  and  the  quantity  of 
water  employed  for  working  it  would  not  be  more  than  what  would  be  necessary 
for  clearing  the  bilges.  He  maintained,  then,  that  his  apparatus  was  to  be 
recommended  for  the  reasons  that  the  motive  power  necessary  for  its  direction 
was  always  available,  and  the  time  within  which  it  could  be  put  in  action  was 
inconsiderable.  The  construction  of  the  apparatus  cannot,  be  easily  understood 
without  the  aid  of  diagrams  ;  it  may  be  added,  however,  that  the  object  of 
Captain  Inglefield's  paper  was  to  prove  the  efficiency  of  a  steering  apparatus  in 
which  steam-engines  would  not  form  part  of  the  system.  At  the  conclusion  of 
Captain  Inglefield's  address,  and  the  discussion  which  followed,  Lieutenant  A. 
H.  Gillmore,  R.N.,  explained  the  properties  of  his  new  expanding  plug  for 
stopping  shotholes  in  the  sides  of  vessels.  This  is  a  most  ingenious  contrivance 
and  its  invention  can  scarcely  fail  to  excite  considerable  interest  among  naval 
officers,  especially  as  regards  its  application  to  ironclad  ships.  The  plug,  as  it  is 
most  unhappily  called,  represents  the  shape  of  a  closed  parasol  before  it  is  in- 
serted in  a  shothole.  When  it  has  been  thrust  out  to  the  necessary  length  out- 
side the  ship's  side,  it  is  made  to  expand  by  the  action  of  a  lever,  and  then 
assumes  the  shape  of  a  raised  parasol  or  a  small  umbrella.  It  is  then  made 
tight  to  the  ship's  side,  and  the  inventor  asserts  that  little,  if  any,  leakage  can 
occur  if  the  plug  be  properly  fitted.  A  plug  4^in.  in  diameter  when  closed 
will  cover  a  hole  16in.  in  diameter  when  expanded.  This  description>,of  plug 
can,  as  will  be  readily  perceived,  be  only  used  when  shot  or  shell  penetrates 
through  and  through  armour-plates.  Lieutenant  Gilmore  has  provided  another 
apparatus  for  stopping  holes  when  the  shot  or  shell  has  only  partly  penetrated 
the  ship's  side.  This  consists  of  a  lever  working  on  the  outside  of  the  ship 
on  a  sort  of  pivot,  at  the  end  of  which  is  a  round  plate,  which  can  be  directed 
to  the  spot  where  the  armour-plate  has  been  struek.  It  was  apparent  at  the 
meeting  that  the  apparatus  exhibited  were  capable  of  considerable  improvement 
but,  as  we  have  intimated,  the  subjects  adduced  are  worthy  of  all  the  attention 
which  can  be  bestowed  upon  them,  as  it  is  obvious  that  the  smashing  of  the 
armour-plates  of  a  vessel  must  considerably  diminish  its  efficiency  as  a  fighting 
engine,  and  that  the  danger  of  her  being  sunk  by  the  rush  of  water  into  her 
hold  is  considerably  greater  than  in  the  case  of  a  wooden  ship.  Lieutenant 
Gilmore  also  exhibited  what  he  called  an  expanding  sponge,  the  expansion 
being  caused  by  the  action  of  the  stick  attached  to  it.  This  stick  being  pressed 
with  a  certain  force,  an  expansion  of  some  18in.  is  procured  on  the  whole 
circumference  of  the  sponge.  He  also  explained  a  diagram  on  which  was  in- 
dicated the  mode  of  constructing  a  vessel  to  be  sent  over  places  where  torpedoes 
are  known  to  exist,  or  where  their  existence  is  suspected.  The  ship  is  to  be 
made  in  cells  so  that  if  one  or  more  of  the  cells  be  blown  up  the  remaining  com- 
partments would  retain  their  floating  power.  Lieutenant  Gilmore  thought  that 
the  plating  of  the  vessel  should  not  be  very  thick,  inasmuch  as  if  it  were  so  the 
danger  of  the  whole  structure  being  blown  up  at  once  would  be  much  greater 
than  if  the  plates  were  thin.  Captain  Inglefield  said  that  he  had  often  felt 
the  necessity  of  such  a  vessel  as  that  proposed  by  Lieutenant  Gilmore.  At 
present  the  explosion  of  torpedoes  resulted  as  a  rnle  in  the  total  destruction  of 
the  ships  against  which  their  action  was  directed.  He  was  sure  that  if  a  vessel 
were  built  on  Lieutenant  Gilmore's  system  it  would  be  a  most  valnable  addition 
to  the  navy,  and  he  felt  confident  that  volunteers  would  be  always  forthcoming 
from  among  our  sailors  to  man  such  a  vessel.  Votes  of  thanks  were  accorded 
to  Captain  Inglefied  and  Lieutenant  Gilmore  for  their  interesting  addresses, 
after  which  the  proceedings  terminated. 


MANCHESTER  ASSOCIATION  FOR  THE  PREVENTION  OP 
STEAM  BOILER  EXPLOSIONS. 


CHIEF  ENGINEER'S  MONTHLY  REPORT. 

The  ordinary  monthly  meeting  of  the  executive  committee  of  this  asso- 
ciation was  held  at  the  offices,  41,  Corporation-street,  Manchester,  on  Tuesday, 
October  27th,  1868,  William  Fairbairn,  Esq.,  C.E.,  F.R.S.,  LL.D.,  President,  in 
the  chair,  when  Mr.  L.  E.  Fletcher,  chief  engineer,  presented  his  report,  of 
which  the  following  is  an  abstract  : — 

During  the  past  month  227  visits  of  inspection  have  been  made,  and  518 
boilers  examined,  389  externally,  3  internally,  2  in  the  flues,  and  124  entirely, 
while,  in  addition,  6  have  been  tested  by  hydraulic  pressure.  In  these  boilers 
85  defects  have  been  discovered,  5  of  them  being  dangerous. 

Tabular  Statement  of  Defects,  Omissions,  &c. 

Met  with  in  the  Boilers  examined  from  September  26th,  1868,  to  October  23rd, 
1868,  inclusive. 


Description. 


Defects  in  Boileb. 

Furnaces  out  of  Shape    

Fracture   

Blistered  Plates  

Corrosion — Internal   

Ditto        External  

Grooving — Internal    

Ditto         External   

Total  Number  of  Defects  in  Boiler 


Number  of  Cases  met  with. 


Dangerous.     Ordinary, 


Defective  Fittings. 

Feed  Apparatus  out  of  order 

AVater  Gauges  ditto     

Blow-out  Apparatus  ditto    

Fusible  Plugs  ditto     

Safety  Valves  ditto     

Pressure  Gauges        ditto     

Total  Number  of  Defective  Fittings 


Omissions. 

Boilers  without  Glass  Water  Gauges  

Ditto  Safety  Valves  

Ditto  Pressure  Gauges 

Ditto  Blow-out  Apparatus  

Ditto  Feed  back  pressure  valves 

Total  Number  of  Omissions    

Cases  of  Over  Pressure  

Cases  of  Deficiency  of  Water    

Gross  Total    


1 

12 
2 
9 
7 
7 
1 


39 


21 


2 
16 


18 


80 


Total. 


1 
12 
2 
10 
9 
7 
1 


42 


23 


16 


18 


85 
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During  the  past  month  5  explosions  have  occurred,  by  which  16  persons  have 
been  killed,  and  9  others  injured.  A  great  fatality  has  recently  taken  place  at 
Ironworks,  4  explosions  having  occurred  in  about  6  weeks,  resulting  in  as  many 
as  23  deaths.  Not  one  of  the  boilers  in  question  was  under  the  inspection  of 
this  association.    The  following  is  the  monthly  tabular  statement : — 

Tabular  Statement  of  Explosions, 
From  September  26th,  1868,  to  October  23rd,  1868,  inclusive. 


^Progressive 

Number 
for  1868. 

Date. 

General  Description  of  Boiler. 

Persons 
Killed. 

Persons 
Injured. 

Total. 

36 

Sept.  28 
Oct.  2 
Oct.  12 

Oct.  16 

Oct.  19 

Vertical  Furnace, 

13 

2 

1 

0 
0 

2 
0 

1 

0 
6 

15 

37 

Vertical  Furnace, 

2 

38 
39 

Description   not   yet   fully 
ascertained, 

Feed  -  Water     Heater,     or 
Economiser, 

Cotton  Mill    

2 
0 

40 

Self-feeding  Kitchen  Boiler, 
Hotel    

Total 

6 

16 

9 

25 

Feed-watbe  Heateb  Explosions. 

No.  39  explosion,  by  which  fortunately  no  one  was  either  killed  or  seriously 
injured,  occurred  to  a  feed-water  heater  at  a  cotton  mill,  at  about  seven  o'clock 
on  the  morning  of  Friday,  October  16th. 

It  lias  been  generally  thought  that  feed-water  heaters  were  incapable  of  ex- 
plosion, since,  if  one  of  the  pipes  should  burst,  it  would  merely  relieve  the 
pressure,  and  that  no  danger  whatever  was  to  be  anticipated  from  their  use. 
The  fact,  therefore,  of  a  water  heater  having  exploded  with  great  violence, 
and  being  attended  with  considerable  destruction  of  property,  has  been  re- 
garded with  a  good  deal  of  interest,  and  deserves  full  investigation.* 

The  feed-water  heater  or  economiser  was  of  the  description  very  generally 
employed  in  this  locality.  It  was  placed  in  the  main  flue  between  the  boilers 
and  the  chimney,  so  as  to  utilise  the  waste  heat  passing  off  with  the  gases.  It 
consisted  of  about  210  vertical  cast  iron  pipes  arranged  in  30  rows  of  8  each. 
The  length  of  three  pipes  was  10ft.,  their  internal  diameter  4in.,  and  the  thick- 


Fig.  1. 


Fig.  2. 


ness  of  metal  three-eighths  of  an  inch.  The  economiser  was  fitted  with  a  3in. 
safety-valve,  while  the  blowing-off  pressure  of  the  boilers  to  which  it  was  con- 
nected was  between  60lb.  and  65lb. 

This  was  not  the  only  feed  heater  on  the  works.  There  were  two  series  of 
boilers  connected  to  the  same  chimney,  and  two  economisers,  the  relative  posi- 
tion and  arrangement  of  which  will  be  better  understood  on  reference  to  the 
accompanying  plan,  Fig.  1,  in  which  the  exploded  economiser  is  marked  A,  and  the 
other  one  B.  It  is  important  to  observe  that  the  flues  for  each  economiser 
were  not  distinct  the  one  from  the  other,  but  so  arranged  that  both  economisers 
were  open  to  both  series  of  boilers,  so  that  the  gases  were  at  liberty  to  pass 
entirely  through  one  economiser  or  entirely  through  the  other,  or  through  both 
combined.  This  is  a  point  which  must  not  be  overlooked  in  this  investiga- 
tion. 

On  the  occurrence  of  the  explosion  the  economiser  was  torn  from  its  seat  and 
broken  into  hundreds  of  pieces,  which  were  scattered  to  various  distances  of 
about  30ft.  or  40ft.  At  the  same  time  the  fire  doors  of  all  the  boilers  but  No.  6, 
which  was  the  most  distant  from  the  economiser,  were  violently  blown  open, 
and  one  of  the  stokers  burnt  by  the  flames  leaping  out  upon  him,  while  an- 
other man,  who  was  firing  No.  4  boiler,  started  backwards  on  finding  the  flames 
burst  oat,  but  before  he  had  retreated  many  feet,  was  blown  back  on  the  top 
of  the  coal-heap  behind  him.  Besides  this,  the  boiler-house  roof  was  consider- 
ably damaged,  the  side  of  the  engine-house  blown  down,  and  the  brickwork 
surrounding  the  economiser  levelled  to  the  ground,  while  the  main  flue  to  the 
chimney  was  ripped  open,  the  crown  of  some  of  the  other  flues  lifted,  one  of 
the  boilers  moved  slightly  forward,  just  sufficiently  so  to  break  the  steam  pipe 
joint,  and  the  brickwork  covering  on  the  top  of  the  boilers  marked  Nos.  1,  2, 
3,  4,  5  loosened,  either  by  the  shock  or  other  consequence  of  the  explosion,  in 
addition  to  which  many  panes  of  glass  in  the  mill  were  broken,  and  a  window 
of  one  of  the  upper  storeys  bulged  outward.  Altogether  considerable  havoc  was 
done,  and,  regarding  the  amount  of  masonry  dislodged,  and  the  shower  of  cast 
iron  pipes  and  broken  fragments  that  must  have  fallen,  it  is  surprising  that  no 
lives  were  lost. 

With  regard  to  tire,  cause  of  the  disaster, — it  has  beon  attributed  rather  to  the 
explosion  of  coal-gas,  accumulated  in  one  of  the  flues,  than  to  the  bursting  of 
the  economiser  from  internal  pressure.  This  question  is  one  of  considerable 
interest,  and  on  which  a  good  deal  of  discussion  has  arisen.  Those  who  attri- 
bute the  disaster  to  the  explosion  of  coal-gas,  conclude  that  in  consequence  of 
the  current  through  the  economiser  being  checked  by  the  closing  of  the  damper 
between  it  and  the  chimney,  an  accumulation  of  gas  thrown  off  from  the  fires 
took  place  within  the  flue,  the  gas  being  either  carbonic  oxide,  or  carburetted 
hydrogen,  or  possibly  a  mixture  of  the  two,  which,  combined  with  air  admitted 
through  the  furnace  doors,  or  passed  unconsuraed  through  the  bars,  which  is 
always  the  case  to  a  great  extent,*  would  form  a  very  explosive  compound, 
needing  only  to  be  ignited  by  a  red-hot  spark  to  cause  an  explosion.  It  will 
be  seen,  on  consulting  the  plan,  that  the  furnaces  in  No.  4  boiler,  which  the 
man  previouslj'  referred  to  was  in  the  act  of  firing  at  the  moment  of  explosion, 
and  from  which  he  was  blown,  were  situated  precisely  in  line  with  the  chamber 
of  the  shattered  economiser,  so  that  it  is  thought  that  his  stirring  up  the  fires 
kindled  the  spark  which  led  to  the  explosion,  and  thus  that  the  train  of  argu- 
ment is  complete.  Parties  engaged  in  the  construction  of  these  economisers 
say  that  this  view  is  supported  by  experience,  and  that  other  cases  of  explosion 
from  the  ignition  of  coal-gas  have  come  under  their  notice,  though  by  no  means 
so  violent  or  destructive  as  the  present  one. 

On  visiting  the  scene  of  the  catastrophe  a  few  days  after  the  explosion  had 
occurred,  when  the  bewilderment  consequent  upon  it  had  somewhat  died  away, 
and  there  had  been  time  to  correct  mistaken  impressions  and  conflicting  state- 
ments, I  gathered  that  the  following  were  the  circumstances  under  which  the 
explosion  occurred,  a  consideration  of  which  may  be  of  assistance  in  determining 
whether  the  explosion  was  one  of  coal-gas  or  steam. 

It  appears  that  on  the  afternoon  of  Thursday,  which  was  the  day  preceding 
the  explosion,  a  leak  was  found  to  have  sprung  in  one  of  the  economisers, 
which  prevented  the  proper  water  level  being  maintained  in  the  boilers.  As 
it  was  not  known  which  of  the  economisers  was  at  fault,  both  of  them  were 
shut  off",  the  valves  or  taps  betweeu  them  and  the  feed  pump,  as  well  as  those 
between  them  and  the  boilers,  being  closed,  so  that  each  economiser  became 
completely  isolated.  Neither  ot  the  dampers  between  the  economiser  and  the 
chimney  were  lowered,  but  the  gases  allowed  to  pass  through  the  economisers 
just  as  before.  In  addition  to  the  ordinary  dampers,  there  was  a  swivel  damper 
between  each  economiser  and  the  chimney,  which  was  operated  upon  by  the 
pressure  of  steam  in  the  boilers,  and  closed  when  the  steam  rose  to  blowing-off 
point,  so  as  to  prevent  unnecessary  waste.  At  the  moment  of  explosion,  the 
steam  pressure  was  very  near  to  blowing-off  point,  so  that  as  the  swivel  damper 
in  the  flue  of  the  exploded  economiser  worked  more  freely  than  the  other,  it  is 
not  improbable  that  it  was  closed,  01  nearly  so,  at  the  time,  and  thus  that  the 
chamber  of  the  exploded  economiser  was  rendered  almost  a  sealedone,  as  pre- 
viously supposed,  while  the  current  passed  through  the  other.  To  prevent  an 
accumulation  of  internal  pressure  under  the  extraordinary  ciionmstances  ol 
keeping  the  economisers  bottled  up  while  all  the  ttm  were  bard  at  work,  tin- 
lever  of  the  Safety-Valve  on  each  ecoiiniuiser  was  raised  and  blocked  up  with  a 
bolt,  in  order  that  they  might  be  worked  on  at  atmospheric  pressure  only,     'flic 

levers  of  the  safety-valves  were  found  to  be  blocked  up  in  tins  way  after  the 
explosion  had   occurred,  while   those    in   charge  stated   they  had   leeu    Steam 


•  This  is  not  a  peculiar  instance.  Another  water  heater  exploded  a  short  time  since,  •  Dr.  R.  Angus  Smith,  in  experimenting  00  the  (?««<•»  pawdnu  """  from  ""oral  l«(f» 
particulars  ol  winch  cannot  be  (riven  on  the  present  occasion,  on  account  of  the  length  f  chimneys,  found  that  much  mors  in  I  o.o,  passed  Off  10  waste  than  was  consumed'  In 
to  which  this  report  has  already  extended.  t|,P  funiscm. 
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escaping  through  the  valves  but  a  short  time  before  the  explosion,  so  that  they 
must  have  been  free.  To  put  the  matter  beyond  all  doubt,  however,  I  thought 
it  best  to  have  the  cover  of  both  safety-valve  boxes  removed,  and,  in  doing  this, 
found  that  the  levers  and  spindles  could  be  lifted  without  stirring  the  valves, 
since  they  were  altogether  disconnected,  while,  although  the  valve  itself  on  the 
economiser  that  had  not  exploded  was  perfectly  free,  that  on  the  other  was 
firmly  locked  in  its  seat  by  a  coat  of  incrustation,  and  required  several  smart 
blows  on  its  underside  from  a  hammer  to  liberate  it.  As  there  was  no  connec- 
tion between  the  two  economisers,  the  idea,  therefore,  that  it  was  impossible 
for  there  to  be  any  pressure  above  the  atmosphere  within  tke  exploded  one, 
was  quite  a  mistake;  and,  instead  of  this,  there  may  have  been  one  of  some 
5001b.  or  6001b.,  from  the  temperature  of  the  gases  in  the  flue.  It  should  be 
borne  in  mind  that  as  the  explosion  occurred  at  seven  o'clock  in  the  morning, 
it  took  place  just  when  there  would  have  been  time  for  the  economiser  to  be 
thoroughly  heated  up,  so  that  these  circumstances  would  at  once  have  ac- 
counted for  the  explosion  had  the  rents  and  ffight  of  the  fragments  been  such 
as  appeared  due  to  internal  pressure.  Internal  pressure,  however,  will,  under 
ordinary  circumstances,  burst  a  cylinder  open  longitudinally,  since  the  tendency 
to  rend  in  that  direction  is  precisely  double  that  to  rend  in  the  other,  whatever 
may  be  the  diameter  of  the  cylinder  or  pressure  of  steam.  On  examining  the 
fractured  pipes,  however,  none  could  be  discovered  that  had  rent  longitudinally, 
but  all  that  could  be  seen  had  been  broken  off  transversely  about  midway  in 
their  length,  as  if  from  an  external  blow  rather  than  from  internal  pressure. 
Added  to  this,  all  the  fragments  were  lifted  from  their  original  seat,  whereas 
internal  pressure,  while  it  would  have  blown  the  upper  portion  into  the  air, 
would  have  tended  to  drive  the  lower  one  into  the  ground.  Thus,  the  general 
development  of  the  explosion  scarcely  appeared  to  confirm  the  view  that  the 
economiser  had  burst  from  internal  pressure,  though  it  is  difficult  to  predicate 
minutely  what  the  order  of  results  would  be  in  a  series  of  cast  iron  pipes  in  the 
event  of  a  rupture  from  some  5001b.  or  6001b.  internal  steam  pressure.  It  is 
stated,  however,  that  boilers  of  very  similar  construction,  consisting  of  a  num- 
ber of  cast  iron  pipes,  have  been  severely  fired  with  the  safety-valve  locked 
down  for  the  purpose  of  experiment,  when  it  has  been  found  that  only  one  of 
the  pipes  has  burst,  which  has  let  off  the  pressure,  so  that  no  explosion  could 
be  produced. 

Under  these  circumstances  I  thought  it  advisable  to  consult  Dr.  E.  Angus 
Smith,  F.R.S.,  P.C.S.,  &c.,  on  the  chemical  view  of  the  subject,  and  to  take  his 
opinion  upon  the  possibility  of  an  explosion  occurring  from  coal-gas  under  the 
special  circumstances  of  the  case,  and  also  of  its  effecting  the  destruction  of 
property  that  occurred.  With  this  view  I  paid  a  seeond  visit  to  the  scene  of 
the  explosion,  in  company  with  Dr.  Smith.  After  making  an  examination  of 
the  ruins,  Dr.  Smith  came  to  the  conclusion  that  both  the  explosion  and  its  re- 
sults were  possible  from  the  ignition  of  coal-gas  accumulated  in  the  flues,  but  it 
may  be  well  to  give  the  following  extract  from  a  communication  received  from 
him  on  the  subject.  Dr.  Smith  says  : — "Explosive  gases  are  formed  by  simply 
mixing  gases  and  vapours  from  coal  with  air.  Indeed,  every  fire  is  making 
gases  which  explode  when  heated  with  air,  so  that  the  question  arises  why  are 
we  not  blown  up  daily  ?  The  answer  is— because  the  currents  of  air  are  so 
constant,  penetrating,  and  intrusive  that  they  follow  the  gases,  and  thus  a  con- 
stant and  steady  fire  is  the  consequence,  instead  of  a  hasty  and  violent  one. 
Every  furnace,  however,  especially  if  a  large  one,  becomes  to  some  extent  a  gas 
retort,  and  generates  exactly  the  same  products,  though  burning  them  more  or 
less.  Stop  the  draught  and  gas  is  made.  Let  air  enter  and  an  explosive  mix- 
ture is  formed  at  once.*  Thus  there  is  no  difficulty  in  accounting  for  the  cir- 
cumstances under  examination  by  an  explosion  of  gas.  The  long  furnaces,  with 
the  impeded  draught  and  hot  flue,  were  capable  of  forming  gases  abundantly 
powerful  to  produce  all  the  effects  developed  by  the  explosion  under  considera- 
tion. In  oiipport  of  this  I  may  mention  that,  a  short  time  since,  I  happened  to 
enter  works  a  day  or  two  after  the  occurrence  of  two  explosions,  which  could  be 
accounted  for  in  no  other  way  than  that  just  mentioned.  The  wonder  rather  is 
that  such  explosions  occur  so  seldom." 

Notwithstanding  that  it  may  be  quite  possible  that  the  explosion  arose  from 
the  ignition  of  coal-gas,  it  scarcely  appears  to  admit  of  demonstration  that  it 
actually  took  place  from  this  cause.  If  it  did,  it  may  be  asked,  why  had  not 
the  catastrophe  occurred  long  before,  as  the  swivel  dampers  had  been  at  work 
for  months,  constantly  opening  and  closing  as  the  steam  rose  and  fell,  and  there 
was  nothing  unusual  in  the  condition  of  the  flues  excepting  that  they  were 
flooded  with  about  a  foot  of  water,  which  had  escaped  from  the  economiser  ? 
Beside  this,  the  fact  that  the  safety-valve  was  free  in  the  economiser  that  did 
not  explode  and  locked  fast  in  the  one  that  did,  while  the  explosion  occurred 
at  seven  o'clock  in  the  morning,  just  an  hour  after  starting,  when  the  econo- 
miser would  have  had  time  to  be  well  heated  up,  and  an  internal  pressure  accu- 
mulated, are  strong  arguments  in  favour  of  the  explosion  being  due  to  steam 
pressure.  Thus  there  appears  to  be  considerable  probability  in  favour  of  both 
views,  though  scarcely  sufficient  evidence  to  decide  positively  on  either  one,  and 
to  justify  a  decided  opinion  as  to  whether  the  explosion  arose  from  coal-gas  or 
internal  steam  pressure. 

The  object  of  these  inquiries,  however,  is  to  show  how  to  avoid  similar  dis- 
asters in  future,  and  it  is  thought  that  this  end  will  be  attained  by  pointing 
out  such  precautions  to  be  adopted  in  the  construction  and  management  of 
these  economisers  as  will  guard  against  their  explosion  either  by  coal-gas  on 


the  one  hand,  or  by  steam  pressure  on  the  other ;  and  with  this  view  the  two 
following  recommendations  are  given : — • 

To  prevent  the  explosion  of  economisers  from  internal  pressure,  they  should 
be  fitted  with  a  thoroughly  reliable-safety-valve,  not  liable  to  derangement  by 
incrustation.  No  valves  would  be  more  suitable  than  those  of  external  dead- 
weight pendulous  construction,  which  are  made  without  levers,  fangs,  or  spindles 
to  jam  fast,  and  instead  of  being  boxed  in  out  of  sight,  are  entirely  open  to 
view.  Valves  of  this  description  are  in  very  general  use  on  steam  boilers,  and 
hundreds  of  them,  under  the  inspection  of  this  association,  have  been  satisfac- 
torily at  work  for  years,  so  that  their  adoption  may  be  confidently  recom- 
mended. 

To  prevent  explosions  from  coal-gas,  there  should  be  no  chambers  in  which 
the  gas  can  lurk.  The  arrangement  in  the  present  instance  was  eminently 
peculiar,  and  most  conveniently  contrived  for  courting  an  accumulation  of  gas, 
so  that  it  would  be  advisable  to  convert  the  two  economisers  into  one,  and 
have  but  one  chamber  instead  of  two.  In  some  instances  the  ordinary  reserve 
flue  might  become  a  source  of  danger  if  closed  by  a  damper  near  to  the  chim- 
ney, but  this  would  be  avoided  by  closing  the  damper  at  its  entrance,  so  that 
there  may  be  no  void  chamber  in  which  the  gases  may  accumulate.  For  the 
same  reason,  when  the  reserve  flue  is  in  use,  the  economiser  should  be  cat  off 
by  a  damper  at  the  entrance,  and  not  at  the  chimney. 

This  will  be  more  readily  understood  on  a  consultation  of  Fig.  2,  in  which 
the  reserve  flue  is  shown  in  full  work,  and  the  economiser  stopped  off,  with 
the  damper  between  it  and  the  chimney  closed,  and  the  one  at  the  en- 
trance opened.  Under  these  circumstances  there  will  be  little  or  no  current 
through  the  chamber,  and  thus  an  accumulation  of  gas  might  settle  in 
it  and  become  ignited  by  sparks  from  boilers  Nos.  2  and  3,  which  are  directly 
opposite  to  it,  very  much  as  in  the  case  of  the  explosion  just  reported  above.  It 
will  be  seen  that  the  danger  of  this  would  be  averted  by  closing  the  damper  at 
the  entrance  to  the  chamber  of  the  economiser,  and  also  that  the  damper  in 
the  reserve  flue  is  in  a  much  better  position  close  to  the  boilers  than  at  the 
chimney. 

It  will  be  well  for  members  to  overhaul  their  economiser  arrangements,  and 
see  that  they  do  not  admit  of  such  combinations  as  those  illustrated  in  this 
plan,  and,  if  necessaiy,  to  have  their  dampers  altered  accordingly. 

If  these  simple  precautions  are  adopted,  it  is  thought  that  well-made  feed- 
water  heaters  or  economisers  can  be  worked  on  in  safety,  and  that  the  confi- 
dence so  long  reposed  in  them  may  be  restored. 


The  last  ordinary  monthlj-  meeting  of  the  executive  committee  of  this  asso- 
ciation was  held  at  the  offices,  41,  Corporation-street,  Manchester,  on  Tuesday, 
January  12th,  1869,  William  Fairnbairn,  Esq.,  C.E.,  F.R.S.,  LL.D.,  &c,  &c, 
President,  in  the  chair,  when  Mr.  L.  E.  Fletcher,  Chief  Engineer,  presented  his 
report,  of  which  the  following  is  an  abstract : — 

During  the  past  month  373  visits  of  inspection  have  been  made,  and  800 
boilers  examined.  Of  this  number  of  boiler  examinations,  574  have  been  exter- 
nal, 14  internal,  8  in  the  flues,  and  204  entire,  while,  in  addition,  9  boilers,  have 
been  tested  by  hydraulic  pressure.  In  these  boilers  125  defects  have  been  dis- 
covered, 11  of  them  being  dangerous.  Furnaces  out  of  shape,  3, — 2  dangerous  ; 
fractures,  15  ;  blistered  plates,  7, — 1  dangerous  ;  internal  corrosion,  19, — 2  dan- 
gerous ;  external  ditto,  17, — 1  dangerous  ;  internal  grooving,  17 ;  external  ditto, 
3  ;  feed  apparatus  out  of  order,  4 ;  water  guages  ditto,  6, — 1  dangerous ;  blow- 
out apparatus  ditto,  12 ;  safety-valves  ditto,  3  ;  pressure  gauges  ditto,  7 ;  boilers 
without  glass  water  gauges,  4, — dangerous  ;  without  pressure  gauges,  1 ;  with- 
out blow-out  apparatus,  2 ;  without  feed  back  pressure  valves,  5. 

Explosions. 

On  the  present  occasion  I  have  two  explosions  to  report,  by  which  four  per- 
sons were  killed  and  three  others  injured.  Not  one  of  these  explosions  occurred 
to  boilers  under  the  inspection  of  this  association.  The  following  is  the  monthly 
tabular  statement : — 

Tabulae  Statement  oe  Explosions, 
From  November  21st,  1868,  to  December  31st,  1868,  inclusive. 


*  From  these  remarks  of  Dr.  Smith  it  would  appear  that  there  is  danger  from  irre- 
gular and  intermittent  currents  in  furnace  flues,  since  where  they  exist  gas  may  be 
.berated  at  one  time  and  air  mixed  with  it  at  another,  and  thus  an  explosive  mixture 
ormed,  so  that  the  effect  of  the  intermittent  action  of  lively  swivel  dampers  upon  large 

ct  fires  isa  point  worthy  of  investigation. 


.Progressive 
Number 
for  1868. 

Date. 

General  Description  of  Boiler. 

Persons 
Killed. 

Persons 
Injured. 

Total. 

42 
43 

Dec.  2 
Dec.  11 

Vertical, 
Vertical  Marine, 

Total 

0 

4 

1 

2 

1 
6 

4 

3 

7 
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Continued  from  page  21. 
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SOCIETY  OF  ENGINEERS. 


ON  THE  APPLICATION  OF  STEAM  TO  THE  CULTIVATION  OP 

THE  SOIL. 

By  Baldwin  Latham. 

(Continued  from  page  17.) 

Class  1. — Traction  Engines. 

The  earliest  invention,  of  which,  any  record  has  been  kept,  of  the  principle 
that  was  to  be  adopted  in  applying  steam  for  the  cultivation  of  the  soil,  is  set 
forth  in  the  invention  of  Riehard  Lovell  Edgeworth,  in  February,  1770  ;  and  his 
invention  is  stated  to  consist '' in  making  portable  railways  to  wheel  carriages, 
so  that  several  pieces  of  wood  are  connected  to  the  carriage,  which  it  moves  in 
regular  succession,  in  such  a  manner  that  a  sufficient  length  of  railing  is  con- 
stantly at  rest  for  the  wheels  to  roll  npon,  and  that,  when  the  wheels  have 
nearly  approached  the  extremity  of  this  part  of  the  railway,  their  motion  shall 
lay  down  a  fresh  length  of  vail  in  front,  the  weight  of  which  in  its  descent 
shall  assist  in  raising  such  part  of  the  rail  as  the  wheels  have  already  passed 
over  ;  and  thus  the  pieces  of  wood  which  are  taken  up  in  the  rear  are  in  succes- 
sion laid  in  the  front,  so  as  to  furnish  constantly  a  railway  for  the  wheels  to 
roll  upon."  This  description  of  the  invention  unfortunately  is  not  accompanied 
with  any  drawing  to  illustrate  its  nature ;  and,  therefore,  it  may  be  taken  to  in- 
clude the  principle  applied  so  successfully  by  Boydell,  which  will  be  described 
hereafter ;  or  it  may  have  reference  to  the  application  of  an  endless  railway, 
similar  to  that  described  by  Sir  John  Scott  Lillie.  It  does  not  appear  that  the 
author  of  this  invention  was  even  able  to  reduce  the  principle  he  propounded  to 
practice,  for  we  find  him  stating  that  the  term  of  his  patent  expired  without 
his  "  being  able  to  unite  to  my  satisfaction  in  this  machine's  strength  with 
sufficient  lightness,  and  with  regular  motion,  so  as  to  obtain  the  advantages  I 
proposed. 

In  the  year  1808  John  Dumbell  procured  a  patent  for  a  machine  that  was  to 
he  used  for  agricultural  purposes.  This  machine  is  intended  to  be  worked  by 
steam  or  heated  vapour  acting  on  a  series  of  vanes  fixed  on  a  metal  shaft 
within  the  cylinder,  and  from  which  motion  was  transmitted  to  the  wheels  of 
the  carriage,  which,  in  its  turn,  was  intended  to  drag  along  a  series  of  ploughs. 

In  1810,  Major  Pratt  produced  a  series  of  inventions  having  reference  to  the 
application  of  steam  to  the  cultivation  of  the  soil.  One  portion  of  his  invention 
relates  to  a  machine  which  was  to  be  moved  onward  "  b}'  means  of  endless 
chains,  extended  horizontally  over  chain  wheels,"  driven  by  steam  power.  "  The 
endless  chains  having  arms  jointed  thereto,  carrying  transverse  bars  provided 
with  spikes,"  which  take  hold  of  the  ground  and  draw  the  machines  along.  The 
inventor  also  refers  to  the  means  of  substituting  ploughs  for  the  spikes  attached 
to  the  endless  chains  of  the  machine.  Another  portion  of  Pratt's  invention, 
and  certainly  the  part  worthy  of  the  most  consideration,  will  be  referred  to 
under  its  proper  class. 

In  1812  William  Chapman,  and  Edmund  Walter  Chapman,  invented  a  mode 
of  applying  traction  force  to  machines,  the  principle  of  which  has  at  various 
times  been  recommended  for  adoption  in  steam  ploughs.  The  invention  con- 
sists in  laying  down  a  chain  or  rope  the  whole  length  of  the  field  to  be  ploughed 
which  is  fastened  at  each  end,  and  is  made  to  pass  round  a  grooved  wheel  or 
pulley  on  the  machine ;  as  the  grooved  wheel  or  pulley  is  caused  to 
rotate  by  the  engine  the  machine  is  drawn  forward.  A  further 
modification  of  this  plan  consisted  in  the  use  of  a  short  endless  chaiD 
in  place  of  the  long  chain.  The  endless  chain  was  passed  partly  round  the 
pulley  or  grooved  wheel  on  a  detached  carriage,  which  was  kept  at  a  proper 
distance  from  the  machine  by  means  of  spars  in  such  a  way  as  to  precede  the 
machine  and  keep  the  chain  properly  distended.  The  system  of  the  rope  hauling 
described  in  the  first  part  of  this  invention,  was  introduced  by  Messrs.  Beadon 
and  Smith,  and  Sir  J.  S.  Lillie,  in  1847,  by  C.  Arnoux  in  1853,  and  by  Messrs. 
Fisken  in  1855. 

In  1814  Thomas  Tindall  patented  an  invention  for  working  agricultural  im- 
plements by  means  of  connecting  such  implements  to  a  traction  engine,  and 
drawing  them  over  the  ground  to  be  operated  upon.  The  engine  invented  by 
Tindall  was  intended  to  be  propelled  by  "  four  pushers  'or  legs  at  the  back  of 
the  carriage,  to  come  successively  in  contact  with  the  ground,  and  impel  the 
carriage."  "Ploughs,  harrows,  drills,  wheels  with  scythes  affixed  thereto,  or 
other  implements,"  may  be  attached  to  the  carriage,  and  used  as  required  in 
carrying  out  the  various  processes  of  husbandry. 

Inventions  identical  in  principle  with  this  were  again  introduced  by  David 
Gordon  in  1824,  by  John  Leo  Nicholas  in  1840,  by  Messrs.  Teisser  and  Triat 
in  1845,  by  J.  H.  Pape  in  1851,  and  by  D.  D.  Kyle  in  1852.  All  such  inventions 
as  these  are  only  interesting  as  matters  of  history,  and  as  showing  the  very 
great  amount  of  thought  that  has,  from  time  to  time,  been  lavished  on  inven- 
tions that  have  soon  been  superseded  by  others  better  adapted  for  the  purpose 
for  which  they  were  introduced. 

In  ]  816  J.  Reynolds  proposed  a  traction  engine  in  which  the  boiler  was  sus- 
pended, so  that  whatever  the  position  of;  the  machine,  the  boiler  was  always 
horizontal.  The  engine  was  to  be  applied  for  the  purpose  of  drawing  "  rollers, 
ploughs,  cultivators,  twin  barrows,  drilling  machines,"  &c.  The  arrangement 
of  the  boiler  may  be  considered  a  great  advantage  in  a  machine  that  would  have 
to  traverse  very  uneven  ground. 

In  1832  Mr.  John  Heathcoat  proposed  a  series  of  modes  in  which  steam  power 
could  be  applied  to  the  cultivation  of  the  soil,  one  of  which  related  to  the  con- 
struction of  an  arrangement  of  traction  engine,  consisting  of  "  a  carriage  of 
large  dimensions,  fitted  with  a  steam  engine,  or  other  motive  power  machine, 
and  suitable  winding  gear,  and  mounted  on  a  series  of  wheels,  which  conduct  an 
endless  flexible  floor,  railroad,  or  way,  within  and  upon  which  the  carriage  is 


caused  to  travel  by  the  power  of  the  engine."  Other  modifications  of  this 
engine  were  propounded  by  the  inventor  in  order  to  adapt  it  to  give  motion  to 
rollers  ;  also  to  fit  it  as  a  machine  for  giving  motion  to  ropes  that  should  be 
applied  in  drawing  implements,  which  portion  of  the  invention  will  be  hereafter 
described  under  its  proper  head. 

In  1837  Mr.  John  Upton  invented  a  traction  engine  for  drawing  ploughs  and 
other  implements  over  land,  the  distinguishing  feature  of  which  consisted  in 
the  application  of  a  rotary  steam  engine  for  its  propulsion. 

In  1839  Mr.  Henry  Pinkus  proposed  a  series  of  inventions  for  cultivating  the 
soil,  of  a  highly  philosophical  character ;  the  main  feature  of  which  consisted  in 
providing  a  central  station  containing  the  power,  or  prime  mover,  from  which 
a  series  of  underground  pipes  radiated  to  convenient  parts  of  the  farm.  The 
power  of  the  prime  mover  at  the  central  station  was  to  be  transmitted  through 
these  pipes  either  by  compressed  air,  or  by  exhausting  the  pipe  and  so  creating 
a  vacuum  ;  or  the  pipes  might  be  used  for  the  conveyance  of  gas  from  the  cen- 
tral station ;  and,  in  1840,  the  author  also  adapted  the  foregoing  arrangement 
sothat  the  power  of  galvanic  batteries  at  the  central  station  might  be  trans- 
mitted and  communicated  to  a  travelling  "  electro-magnetic  engine."  From  the 
pipes  or  insulated  wires,  as  proposed  to  be  laid  down  by  the  author  of  these 
inventions,  at  certain  distances  junctions  were  to  be  made,  so  that  the  travell- 
ing engines  could  be  connected  with  the  wires  or  mains.  The  engine  used  for 
the  purpose  of  drawing  any  agricultural  implement,  carrying  a  revolving  reel, 
on  which  either  a  flexible  tube  or  insulated  wire  were  intended  to  be  carried  ; 
the  inner  end  of  the  tube  or  wire  was  attached  to  the  working  parts  of  the 
engine,  and  the  outer  end  was  connected  with  the  underground  pipes  or  wires, 
and  so  the  machinery  was  put  in  motion ;  and,  as  the  engine  advanced,  the 
flexible  tube  or  wire  was  uncoiled,  if  receding  from  the  junction  with  the  under- 
ground pipes,  or  was  wound  up,  if  approaching  the  junction.  The  invention 
also  relates  to  the  substitution  of  a  large  vessel  or  reservoir  to  take  the  place  of 
the  reel  and  flexible  hose,  which  reservoir  will  act  as  a  reserve  of  power  either 
by  being  exhausted  of  air  or  filled  with  gas.  In  this  invention,  when  gas  was 
intended  to  act  as  the  motive  power,  the  power  was  produced  by  the  "  explosion 
of  mixtures  of  carburetted  hydrogen  or  similar  gas  and  atmospheric  air  in  close 
chambers,  so  as  to  act  against  pistons  and  put  them  in  motion."  Should  the 
gas  engine  ever  make  such  progress  that  its  power  may  be  depended  on  with 
the  same  certainty  as  steam  power,  and  the  power  produced  at  as  cheap  a  cost 
as  that  of  the  steam  engine,  then  we  have  in  this  machine  an  embryo  invention 
that  may  ultimately,  in  some  situations,  drive  the  steam  engine  out  of  the  field, 
especially  in  those  districts  where  it  is  difficult  to  procure  water  except  at  very 
great  cost. 

la  1846,  Sir  James  Caleb  Anderson  proposed  a  mode  of  working  a  traction 
engine  to  be  used  for  the  purpose  of  cultivating  the  soil.  The  engine  was  pro- 
vided with  a  drum,  rouud  which  a  rope  was  intended  to  be  passed  in  such  a  way 
that,  as  the  rope  was  being  unwound  from  one  part  of  the  drum,  it  was  being 
wound  up  on  the  other  part,  and  to  each  end  of  this  rope  an  anchor  was  attached. 
When  in  operation,  it  is  intended  that  one  of  the  anchors  should  be  carried 
forward  and  fixed  in  the  ground  a  considerable  distance  in  advance  of  the  engine 
which,  being  then  put  in  motion,  draws  itself  and  implements  up  to  the  anchor. 
While  this  is  being  done,  and  as  the  other  portion  of  the  rope  is  being  unwound 
from  the  drum  of  the  machine,  its  anchor  is  intended  to  be  carried  forward  by 
horses,  so  that,  when  the  engine  has  travelled  up  to  the  first  anchor  and  its 
motion  is  reversed,  it  will  travel  to  the  second  anchor  ;  and  by  a  succession  of 
similar  operations  the  whole  field  or  farm  is  intended  to  be  cultivated.  The  same 
mode  of  traction  was  proposed  by  John  Fowler  in  1850,  by  D.  S.  Brown  in  1852, 
and  by  B.  Roger  in  1856. 

In  1846,  Messrs  Bonser  and  Pettitt  introduced  a  rotary  cultivator.  This 
machine,  in  one  form,  is  intended  to  be  drawn  by  horses  ;  but  it  is  mentioned 
that  its  inventors  intended  that  it  should  be  drawn  by  "  any  other  suitable 
agent."  The  invention  consists  "  in  employing  for  the  purpose  a  tiller,  formed 
of  a  cylindrical  shaft  or  drum,  having  a  number  of  radial  cutters,  or  prongs  or 
tines,  either  straight  or  curved,  attached  thereto  at  right  angles,  and  arranged 
round  it  spiral-wise,  so  as  to  present  the  appearance  of  a  screw." 

In  1846,  Mr.  James  Boydell  took  out  his  first  patent  for  a  traction  engine  to 
be  used  for  the  cultivation  of  the  soil  by  the  agency  of  steam  power,  which  was 
further  improved  and  again  patented  by  him  in  1854.  The  principle  of  this 
machine  has  been  already  described  in  the  description  of  the  invention  of  Edge- 
worth,  in  1770 ;  and  the  main  features  of  the  invention  consist  in  the  increased 
area  of  bearing  surface  that  is  given  to  the  wheels  by  placing  under  them  a 
broad  portable  tramway,  which  is  moved  and  relaid  by  the  engine  as  it  pro- 
gresses. 

In  1847,  Sir  John  Scott  Lillie  introduced  certain  machinery  for  tilling  the 
land,  which  consisted  in  the  application  of  ploughs  and  harrows  attached  to  a 
carriage  impelled  by  steam  power.  The  maclflne  has  two  sets  of  wheels  placed 
at  right  angles  to  each  other.  One  set  support  the  carriage  and  implements 
when  ploughing  or  cultivating  the  soil ;  the  other  set  are  lowered  and  brought 
into  action  when  the  machine  is  required  to  move  sideways,  in  order  to  bring  the 
machine  to  operate  on  fresh  land.  On  each  side  of  the  carriage  are  two  skeleton 
drums,  which  cany  an  endless  tramway  formed  of  planks  and  wrought-iron 
plates  hinged  together,  on  which  the  bearing  wheels  of  the  machine  travel.  A 
double  mould  or  ridge  plough  is  fixed  at  each  end  of  the  carriage,  in  order  to 
clear  the  way  for  the  bearing  wheels  of  the  machine.  The  cultivating  apparatus 
consists  of  a  rotary  cultivator,  driven  by  gearing  from  the  main  wheels  of  the 
machine,  which  rotary  cultivator  is  preceeded  by  coulters,  or  cutting  irons, 
which  are  attached  to  the  frame  of  the  machine.  The  invention  also  relates  to 
the  application  of  "  a  high  pressure  steam  engine  on  the  carriage  frame  for  the 
purpose  of  impelling  the  machine,  by  turning  a  whelp  wheel,  and  causing  it 
to  draw  in  a  rope  "  attached  to  grapnels  on  each  side  of  the  field,  in  a  manner 
somewhat  new. 

At  different  times  various  machines  have  been  proposed  that  imitate  more  or 
less  the  ordinary  operations  of  manual  labour  in  the  cultivation  of  the  soil.  One 
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of  these  machines  was  proposed  in  1847,  by  Pierre  P.  C.  Barrat,  and  consisted 
in  an  "arrangement  of  one  or  two  rows  of  teeth,  to  which,  on  the  one  hand, 
a  rotary  alternate  movement  is  given,  and,  on  the  other  hand,  a  to-and-fro 
movement,  in  such  a  manner  as  to  imitate  as  much  as  possible  the  work  of  the 
hand  with  a  mattock,  whereby  the  earth  is  returned  to  the  ground  after  it  is 
raised.''  This  machine  consists  of  a  steam  carriage  mounted  on  four  broad 
wheels,  and  supplied  at  the  back  with  a  frame,  containing  two  rows  of  mattocks. 
Each  mattock  has  a  fished  head,  and  is  fitted  to  a  straight  shaft  or  handle. 
Each  handle  is  inserted  in  a  metal  socket  fixed  on  a  horizontal  shaft,  upon 
which  it  is  capable  of  freely  turning,  in  order  that  all  the  mattocks  may  have 
an  independent  action.  All  the  mattocks  are  mounted  on  the  same  shaft,  yet 
they  act  in  two  rows  ;  this  is  owing  to  the  handles  of  the  row  nearest  the  shaft 
being  shorter  than  the  handles  of  the  mattocks  in  the  other  row.  "  The  mat- 
tocks of  the  foremost  row  enter  the  earth  to  the  depth  of  from  7  to  12in.,  accord- 
ing to  the  nature  of  the  soil ;  while  those  of  the  back  row  work  in  the  place 
where  the  front  mattocks  had  previously  operated,  and  penetrate  the  earth  to  a 
greater  depth."  The  shaft  that  carries  the  mattocks  has  two  distinct  move- 
ments, or  a  rectilinear  movement  in  guides  attached  to  the  frame  of  the  ma- 
chine, and  "  an  alternate  circular  motion."  The  penetration  of  the  mat- 
tocks into  the  soil  is  increased  by  the  pressure  of  a  spring  acting  on  them. 

The  system  of  rotary  cultivation  has  had  many  advocates,  and  at  one  time 
was  in  great  favour  ;  great  things  were  expected  of  it.  We  have  already  seen 
that  I'onser  introduced  rotary  cultivators  in  1846,  and  Sir  J.  S.  Lillie  in  1847  ; 
in  1819  James  Usher  introduced  a  rotary  cultivator  and  traction  engine.  In 
this  invention  the  author  fixes  a  number  of  curved  ploughs  in  the  same  plane 
round  the  axis  of  the  shaft  that  carries  them,  so  that  they  come  into  action 
alternately.  The  power  of  the  machine  is  applied  to  give  m'otion  to  the  revolv- 
ing ploughs,  and  these  ploughs,  as  they  enter  the  earth  and  travel  through  it, 
cause  the  machine  to  travel  forward. 

As  further  examples  of  rotary  cultivators,  we  may  take  the  invention  of  John 
Bethel],  which  was  patented  in  1852,  which  apparatus  consists  of  a  rotary  digger 
attached  to  an  ordinary  steam  engine,  It  consists  of  a  number  of  prongs  or 
tines  arranged  round  a  drum  or  shaft  in  a  helical  direction.  The  rotary  culti- 
vator turns  in  bearings,  made  at  the  end  of  a  frame,  or  a  pair  of  lever  arms, 
secured  to  either  the  front  or  back  part  of  the  carriage  in  such  a  manner  that 
it  may  be  raised  or  lowered  as  may  be  required.  The  steam  engine  in  this  case 
actuated  the  revolving  cultivators  by  means  of  a  band  driven  from  a  rigger  on 
the  main  shaft  of  the  engine  ;  and,  when  put  to  work,  it  was  intended  that  the 
whole  machine  should  be  drawn  over  the  land  to  be  cultivated  by  horses.  From 
a  statement  made  by  Mr.  Bethell  at  the  Society  of  Arts  in  January,  1856,  it 
appears  that  up  to  that  period  the  machine  had  been  at  work  with  various  altera- 
tions, which  from  time  to  time  suggested  themselves,  for  three  years;  and  it  is 
stated,  "  it  dug  like  Parkes's  steel  fork,  and  left  the  ground  in  perfect  state  in 
tilth  after  the  separation  ;  it  threw  the  earth  up  into  the  air,  the  earth  falling 
first,  because  the  heaviest,  and  the  weeds  coming  upon  the  surface.  They  had 
no  difficulty  in  working  about  four  or  five  acres  per  day  with  that  machine.  It 
dug  down  to  the  depth  of  Din.,  and  farmers  who  had  seen  it  working  had  stated 
that  it  did  as  much  in  one  operation  as  would  require  two  or  three  ploughings  to 
perform,  besides  scarifying,  harrowing,  <fec.  The  estimated  cost  of  it  was  about 
!'s.  per  acre,  whereas  23s.  was  stated  to  be  the  cost  under  the  ordinary  mode. 
The  experimental  engine  was  worked  at  a  pressure  of  451b.  In  1857  Mr.  Bethell 
further  improved  upon  his  machine  by  attaching  it  to  a  locomotive  engine,  the 
wheels  of  which  were  fitted  with  Boydell's  rails. 

In  1863  Mr.  R.  Komainc,  of  Peterborough,  Canada,  obtained  letters  patent  for 
"  digging,  pulverising,  levelling,  drilling,  and  rolling  the  soil,  sowing  seeds, 
depositing  manures,  reaping  and  mowing,  making  drains,  and  performing  other 
agricultural  opcjution-  by  mechanism  actuated  directly  by  a  steam  engine,  but 
traversed  or  conveyed  over  the  land  by  horse  power,  or  by  the  power  of  an 
additional  -team  engine.  In  January,  1854,  the  author  of  this  invention  pro- 
I  to  -ubstitute  a  rotary  engine  for  the  reciprocating  engine  to  propel  the 
machine.  The  invention  was  further  improved  by  him  in  July,  1851,  and 
and  again  in  September,  185G  ;  and,  by  virtue  of  the  various 
improvements,  it  was  made  a  traction  engine  working  the  rotary  cultivator 
attached  to  the  train'-. 

'1  he  first  machine  drawn  by  horses  was  tried  on  Mr.  Mechi's  farm,  and  failed 
at  its  work.  The  high  velocity  of  the  cultivator  required  more  power  than 
was  capable  of  being  supplied.  One  of  the  most  successful  of  Mr.  Soma 
machine*  was  manufactured  at  the  Beverley  Ironwork-,  under  the  direction  of 
Mr.  Allied  Crotekill.  The  latest  form  of  engine  consisted  ol  a  double  cylinder 
12-horse  powei  engine  and  boiler  attached  to  a  suitable  frame,  which  was  mounted 

upon  a  pair  of  hign  wheel,,  with   two  wheels  at  the  front  for  steering,  and  a  fifth 

wheel   .ii  the  back  foi   reg  dating  the  depth  of  the  cultivator.    The  cultivator 

led  of  a  drum,  2ft.  Gin.   in  diameter,  made  of    boiler  plates,  on    which    were 

fastened  the  plou  h    or  :    r  cultivating,  somewhat  resembling  the  scarify- 

-hares  ol  Coleman.    The  cultivator  was  I  thai  it  could  be 

lowered  U    ;i  toothed  i  i  i    ore*   motion  to  an}  required  depth,  and  was 

parallel  i  numitting  the  power  of  the  en  inefrom 

the  toothi  d  the  machine.    The  cultivate 

work,  made  fr 10  to  60 1  i  minute,  and  the  machi                ipelled 

irdal  the  rote  ol  le  an  hour."    The  rotavj  oultivator  cif  this 

much  wider  than  that,  when    at    work,    it 

entirely  obliterated  the  I'h     n    ohinecosl  B800,  and 

is  stated  to  be  capable  ol  cultivating  I  i    of  land  per  day, 

i  ■".-.  to  10s.  per  acre. 

A  machine  on  this  pis  oribed  by  Mr.  Algernon 
Clarke  in  In-  prize  essay  on  the  "  Application  ol  Men,.  Power  to  the  Cultivation 

ol  the  Soil ;"  it  was  manufactured  by  "Mr.  W.  II.  v ol  Cubit)   Town,  isle 

of  Dogs."    The  whole  machine  v. 

The  cultivator  eras  Bft,  wide,  t lie  whole  diameter  from  tin-  exl 


tine  was  53in.,  and  the  tines  projected  lOin.  from  the  drum  of  the  cultivator. 
The  weight  of  the  cultivator  is  "  about  7  cwt.,  and  in  its  lever  frame  it  is  free  to 
play  up  or  down,  in  order  to  meet  the  irregular  contour  of  the  ground  to  be 
cultivated,  but  is  guarded  against  any  severe  variation  in  depth  by  the  wheel  that 
regulates  the  depth  of  the  cultivator.  Owing  to  this  arrangement  of  the  culti- 
vator, while  it  will  cut  up  any  ordinaiy  obstruction  to  its  progress,  it  will  rise 
out  of  its  work  and  pass  over  any  impediment  that  it  cannot  break  up.  In  this 
machine  the  implement  is  lifted  out  of  its  work  by  two  cylinders  and  pistons,  to 
the  rods  of  which  chains  are  attached,  which  are  secured  to  the  lever  frame  of 
the  cultivator,  so  that  when  steam  is  admitted  into  these  cylinders  the  lever 
frame  is  raised  to  any  required  height.  Mr.  Clarke  says  that  he  saw  this  machine 
at  work  at  Royston,  in  Cambridgeshire,  "  on  a  piece  of  mown  stubble — a  light, 
chalky,  turnip  soil,  of  a  quality  that  turns  stick}-  with  wet,  but  dry  and  friable 
at  that  time.  The  main  wheels,  of  6J  ft.  in  diameter,  made  of  T"iron  spokes,  and 
plate-iron  felloes,  21in.  broad,  sunk  very  considerably  into  this  land,  plainly 
showing  the  necessity  for  having  fiat  platforms,  like  those  of  the  '  endless  rail- 
way,' over  which  the  heavily  weighted  wheels  might  roll,  but  the  difficulty  of 
turning  short  round  upon  these  '  shoes  '  appears  to  be  hardly  overcome  at  present. 
The  shares  or  cutters  were  arranged  three  in  a  row  or  ring,  three  successive  cuts 
being  made  in  one  revolution  of  the  cylinder,  and  the  advance  for  each  cut  being 
about  Gin.  The  digger  made  30  and  40  revolutions  per  minute,  the  engine  run- 
ning at  from  120  to  160  strokes  per  minute,  varying  according  to  slight  elevations 
and  depressions  in  the  ground.  The  earth  was  well  subdivided  by  the  thirty- 
three  cutters  (that  is,  eleven  in  a  row),  and  turned  up  in  small  spits,  beautifully 
broken,  much  like  spade  work,  the  depth  not  exceeding  6in.,  or  rather  Gin.  at  one 
end  of  the  digger  and  4in.  at  the  other,  owing  to  want  of  rigidity  in  the  lever 
frame.  This  it  is  proposed  to  remedy  by  partly  bearing  up  the  end  which  is  not 
supported  by  the  small  travelling  wheel  b3r  means  of  the  '  hydraulic,'  and  this 
wheel  also  is  to  be  placed  exactly  opposite  the  end  of  the  digging  cylinder,  so  as 
to  adjust  the  depth  of  the  culture  more  accurately.  In  deeper  tillage  the  action 
of  the  machine  is  far  more  effective  and  economical,  and  it  is  able  to  dig  12in. 
and  even  16in.  deep.  A  length  of  23  chains  was  '  cultivated '  in  23  minutes,  in- 
cluding 1J  minutes  stopping,  turning,  and  setting  in  again  ;  and,  as  the  breadth 
of  the  work  is  7ift.,  the  extent  dug  in  a  day  of  10  hours  is  nearly  7  acres.  The 
engine,  working  at  701b.  pressure,  may  be  called  20-horse  power,  though  it  may 
be  worked  up  to  80  or  90lb.  if  required,  and  hence  the  expenses  may  be  estimated." 
which  he  estimates  at  from  6s.  to  6s.  6d.  per  acre,  the  machine  costing  £700.  At 
the  same  time  he  states  that "  this  is  extraordinary  economy,  when  we  consider  the 
effective  character  of  the  tillage,  and  that  work  10  or  12in.  deep  would  cost  but 
little  mhre,  that  is,  merely  extra  fuel  for  the  greater  power  engaged." 

In  the  same  year  that  Mr.  Komaine  procured  his  first  patent,  Mr.  C.  W. 
Hoskyns  patented  an  idea  of  a  rotary  cultivator,  or,  as  it  has  been  called,  a  rasp- 
ing or  scratching  machine.  This  invention  is  the  same  in  principal  as  that  of 
Mr.  Romaine,  and,  in  the  inventor's  language,  "  consists  of  a  machine  for  the 
cultivation  of  the  soil,  more  especially  clay  soils,  by  steam  power,  applied  in  such 
a  manner  as  to  accomplish  at  one  process  the  due  preparation  ot  the  soil  for  a 
seed  bed.  This  result  is  obtained  by  a  machine  which,  instead  of  lifting  in  mass 
the  stratum  of  earth  under  cultivation,  like  the  plough  or  spade,  is  so  applied 
to  the  soil  as  to  reduce  it  by  abrasion  to  the  required  tilth  or  fineness.  This 
abrasion  is  performed  by  a  series  of  discs  or  wheels,  fixed  on  a  rotating  axis 
actuated  by  steam  power,  the  pheriphery  of  which  discs  are  furnished  with 
radiating  points  or  cutters.  The  rotary  motion  of  the  discs  is  communicated 
from  the  steam  engine,  from  which  also  the  progressive  motion  of  the  machine 
is  derived.  The  two  motions  are  independent  of  each  other,  and  so  arranged 
that  a  rapid  motion  may  be  given  to  the  cutters,  while  the  progressive  motion 
is  slow,  or  suspended  altogether,  as  at  commencing.  The  gearing  is  such  that 
the  respective  speeds  can  be  varied  at  pleasure  to  suit  the  nature  of  the  soil.  The 
cutters,  by  their  rotary  action,  first  enter  the  soil,  making  a  semicircular  trench, 
which,  during  the  progress  of  the  machine,  is  constantly  preserved  at  the  required 
depth,  and  the  soil,  abraded  and  cut  down  as  the  machine  advances,  is  thrown 
off  tangcntially  behind,  and  deposited  in  a  comminuted,  inverted,  and  aerated 
condition." 

In  1M.",7  Mr.  T.  Rickett  procured  a  patent  for  a  machine  differing  in  one  essen- 
tial feature  from  the  rotary  cultivators  already  mentioned  ;  viz.,  that,  while  all 
the  rotary  cultivators  befoie  described  have  revolved  in  the  direction  of  the 
advancing  machine,  and  therefore  rather  favoured  its  propulsion,  in  this  machine 
<>!'  Rickett'a  the  cultivator  in  revolving  was  opposed  to  the  motion  of  the  engine 
in  advancing,  and  the  earth  was  raised  by  the  cultivator,  carried  completely 
over,  and  deposited  again  by  its  own  gravity  at  the  hack  of  the  cultivator.  The 
supposed  advantage  of  this  mode  of  working  the  cultivator  is,  "  that  the  cutter, 
ttet  aide  to  cope  with  stony  or  very  hard  -oils,  anil,  entering  the  unmoved 
ground  at  the  full  depth,  they  avoid  the  difficulty  of  penetrating  from  the  top 
when  dry  and  baked  by  the  sun  : "  hut  these  supposed  advantages  would  only  h- 

met  with  when  working  a  moderate  depth  ;  for,  a-  a  nil-,  the  hardest    ground   is 

found  in  the  -pan,  oi-  indurated  stratum  of  subsoil "  that  has  already 
referred  to,  and  by  the  aid  of  steam  power  its  destructive  effects  should  bi 
removed. 
Of  necessity,  this  rotary  modeof  cultivation  being  in  ite,  we  find 

thai  s  mini  ii  n    have  turned  their  attention  to  pi    Fi t;   and,  in 

addition  to  those  alread]    mentioned,  wi  nave  the  invent i    D.S   Brown  in 

I.M5I,  ol  T.  Lawes  and  II.  S.  Murphy  in  1862,  T.    \il.m    and  P.  Kelly  m    I 
8.  Coli    in  i    .i.  md  i:  U      i      Woncton  and  Clark  in  I860.    The 

of  these  rotarj  cultivators  ha-  been  by  mechanical  sgoncrj  to  pro 
i  perfect!]  comminuted  seed  bed  at  oni  operation  \  and,  so  far  a  ■  Rw 

.1.  thej    ba\  I  by  expei 

that  aseed  bed  prepared  in  ibis  way  i I  exactly  whal  <  Mr. 

tie-  indispensable  ■*■>■■  ' ility 

ot  a  seed  bed  comminuted  mechanically,  are  two  different  things.     In  the  t 

in  all  drj  •■  with  each  other  with 
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the  cementing  moisture  of  the  first  rainfall ;  but  when  wrought  down  from  a 
state  of  clods  by  the  natural  process  of  weathering,  they  are  independent  and 
repelling,  rather  than  inclined  to  suck  and  adhere  to  one  another,  their  pores 
being  replete  with  the  moisture  which  has  burst  them  into  atoms  out  of  solid 
cakes  and  slags:  and  thus  we  have  both  a  cheaply  obtained  comminution  and 
a  more  permanent  mould  for  the  elements  to  permeate,  and  for  roots  to  roam 
and  feed  in."  . 

A  great  variety  of  traction  engines  have  been  invented  at  various  times  with 
a  view  either  to  drag  ploughs  or  other  implements  over  the  soil,  and  so  to  culti- 
vate it,  or  for  the  purpose  of  drawing  wheeled  carriages  on  common  roads.  One 
of  the  most  modern  engines  is  that  of  Messrs.  Aveling  and  Porter.  It  has  already 
been  shown  that  various  modes  have  been  proposed  at  different  times  in  order 
to  adapt  the  power  of  the  steam  engine  to  the  progressive  motion  of  the  maohine. 
In  most  modern  inventions  the  power  is  communicated  direct  to  the  wheels  of 
the  machine,  but  in  1856  a  mode  of  propulsion  was  proposed  by  J.  A.  Longridge, 
which  is  here  mentioned  as  showing  another  variety  of  the  means  that  have  been 
proposed  for  propelling  traction  engines.  The  mode  of  propulsion  consists  in 
the  "  application  of  a  screw,  somewhat  similar  to  the  well-known  screw  propeller, 
to  the  propulsion  of  a  locomotive  carriage  over  land  for  agricultural  purposes, 
the  motive  power  being  placed  on  the  carriage,  which  moves  on  wheels  (or 
rollers),  while  some  portion  of  the  weight  rests  on  the  screw  propeller,  which  is 
partially  immersed  iu  the  land.  The  motive  power  is  applied  to  the  rotation 
of  the  screw,  which  advances  and  propels  the  carriage  over  the  ground.  The 
implements  of  culture  may  either  be  affixed  to  the  same  carriage,  or  attached 
to  another  frame  or  carriage  impelled  by  the  locomotive  screw  carriage'"  The 
application  of  power  in  this  way  is  stated  by  its  author  as  "  principally  adapted 
for  the  traction  of  ploughs,  or  other  implements  for  inverting  the  soil,  in  which 
a  great  amount  of  traction  force  is  required." 

The  idea  of  applying  traction  engines  to  d-ag  implements  of  culture  over  the 
ground  probably  was  taken  from  the  mode  adopted  in  horse  labour,  the  steam 
horse  being  substituted  for  the  ordinary  power,  but  it  was  be  seen,  from  what 
has  already  been  stated,  if  horse  labour  has  proved  destructive  to  the  interests 
of  agriculture,  by  reason  of  the  trampling  and  puddling  of  the  ground,  that  the 
substitution  of  a  heavy  machine  moving  slowly  over  the  ground  will  cause  great 
damage  by  the  undue  consolidation  of  the  soil.  Moreover,  the  application  of 
the  power  is  found  to  be  less  economical  when  a  heavy  machine  has  to  he 
driven  over  the  soil ;  for  example,  we  have  seen  in  the  case  of  Mr.  Romaine's 
rotating  cultivator  that  the  cultivating  implement  only  weighs  7  cwt,  and,  for 
the  purpose  of  working  it,  an  engine  weighing  12  tons  had  to  be  propelled  over 
the  land.  The  great  power  required  to  propel  a  heavy  machine  over  rough 
ground  will  more  than  counteract  any  advantage  that  may  be  supposed  to  be 
derived  from  the  direct  application  of  the  power  to  the  implements  of  culture  ; 
and,  as  the  period  of  the  year  in  which  a  traction  engine  could  be  allowed  to 
enter  upon  the  land  with  safety  is  very  limited,  the  result  has  been  that  traction 
engines  have  not  realized  all  the  advantages  that  steam  culture  is  capable  of  im- 
parting, and  therefore  we  find  that  they  have  been  superseded  by  other  inven- 
tions more  economical  and  combining  greater  advantages. 
(To  be  continued,?) 


INAUGURAL   ADDRESS   OP  THE   PRESIDENT   MR.   F.   W. 
BRYANT,  CE. 

In  taking  my  place  for  the  first  time  as  President  of  the  Society,  I 
thank  you  for  the  honour  you  have  conferred  on  me  in  selecting  me  your 
president,  an  honour  which  I  greatly  esteem,  and  hope,  with  the  assistance 
of  the  council,  and  the  co-operation  of  the  members  generally,  tint  I  shall 
be  enabled  to  carry  out  my  duty  to  the  satisfaction  of  all,  and  the  advance- 
ment of  the  Society.  It  is  now  more  than  ten  years  since  I  joined  this 
Society,  and  I  have  much  to  thank  it  for  iu  enabling  me  to  glean  a  great 
amount  of  information  in  the  various  branches  of  the  engineering  profes- 
sion which  I  could  not  have  obtained  by  my  own  practice  alone.  There- 
fore I  consider  a  society  like  this  is  of  great  value  to  a  young  engineer,  and 
in  many  cases  to  those  who  are  seniors  in  the  profession.  If  a  member 
attends  regularly  at  our  meetings,  as  he  ought  if  he  possibly  can,  I  do  not 
believe  there  is  any  paper  read,  or  lecture  given,  from  which  he  may  not 
obtain  some  advantage,  either  from  the  paper  itself,  or  by  its  causing  him 
to  think  on  the  subject  on  which  the  paper  is  written.  Then  there  are  our 
visits  of  inspection  to  the  important  works  in  and  around  London,  which, 
I  trust,  may  be  extended  to  more  distant  localities,  as  occasion 
affords.  These  visits,  excellent  in  purpose  and  effect,  are  most  valuable  to 
all  the  members  who  attend  on  those  occasions ;  for  it  is  not  only  from 
one's  own  observations,  but  from  the  remarks  of,  and  discussions  with,  those 
present  at  the  time  on  the  works  actually  in  progress,  that  he  who  seeks 
to  learn  has  every  opportunity  of  so  doing.  One  of  our  older  institutions, 
which  holds  a  periodical  meeting  of  the  larger  manufacturing  towns,  is  an 
instance  of  the  advantage  of  these  visits,  as  there  is  no  doubt  that  the  large 
increase  of  its  members  is  mainly  owing  to  this  arrangement.  I  have  much 
pleasure  in  remarking  the  kindness  and  courtesy  with  which  this  Society 
has  always  been  received  at  the  various  works  it  has  visited  from  time  to 
time.  I  am  happy  to  say  I  can  congratulate  you  on  the  general  advance- 
ment of  the  Society,  both  in  numbers  and  position.  When  I  first  joined 
the  Society  we  numbered  but  117,  and  now  the  number  of  its  members  and 
associates  is  quadrupled. 


We  have  as  honorary  members  many  of  those  who  take  rank  amongst 
the  highest  scientific  men  in  the  world  ;  and  as  regards  the  members  and 
associates  of  our  Society,  we  have  representatives  of  every  branch  of  the 
engineering  profession.  There  is  scarcely  any  part  of  the  world  where 
engineering  works  are  being  carried  out  that  some  of  them  are  not  to  be 
found,  working  either  as  principals  or  assistants. 

True  it  is  that  since  the  last  financial  panic  there  has  been  considerable 
depression  in  our  profession,  owing  to  the  want  of  confidence  engendered  by 
over  speculation ;  but  that  can  certainly  not  be  the  fault  of  engineers. 
Doubtless  it  is  the  duty  of  an  engineer  to  carry  out  works  as  economically 
as  possible  ;  but  there  is  another  duty  which  he  should  be  most  careful  of 
and  that  is,  not  to  undor-estimate  the  value  of  any  work,  as  that  will 
inevitably  lead  to  confusion. 

Difficulties  occur  both  at  home  and  abroad  which  one  could  scarcely 
expect  to  have  been  foreseen ;  for  after  all  an  engineer  is  but  a  human 
being,  though  sometimes  it  seems  as  if  he  were  expected  to  see  beyond 
"mortal  ken."  I  hope  and  believe  that  this  depression  will  be  gradually 
removed,  and  that  we  shall  see  engineering  improvement  increasing  here 
and  abroad,  to  the  advancement  of  our  profession  and  the  benefit  of  man- 
kind. I  say  to  the  benefit  of  mankind  ;  for  is  it  not  to  the  drainage  engineer 
that  we  owe  the  health  of  towns  and  agricultural  improvements ;  to  the 
railway  engineer,  quick  transit,  the  removal  of  goods,  and  the  opening  up 
civilisation  of  whole  districts ;  to  the  dock  and  harbour  engineer,  the 
safety  of  the  navies  of  the  world,  and  so  on  to  all  the  branches  of  our 
profession,  which"  tend  directly  or  indirectly  to  the  good  of  mankind  in 
general  ? 

And  although  there  has  been  this  depression,  and  men  say  "there  is 
nothing  more  to  be  done  in  England,"  surely  this  must  be  wrong.  Are 
all  our  towns  properly  drained,  all  our  rivers  bridged  over,  all  the  docks, 
harbours,  piers,  and  lighthouses,  defence  of  shores  (much  wanted  in  many 
places),  all  water  supplies  and  irrigations  completed,  all  connecting  lines 
of  railways  made  ?  Are  even  the  existing  main  lines  perfect  ?  Recent 
accidents  lead  us  to  think  that  it  will  be  necessary  to  have  separate  lines 
for  passenger  and  goods  traffic ;  in  fact,  some  of  the  engineers  are  taking 
steps  to  secure  the  necessary  ground;  is  the  utilisation  of  sewage  properly 
done  ?  Surely,  then,  with  the  return  of  public  confidence  in  properly 
matured  schemes,  we  may  hope  that  engineers  of  Great  Britain  may  find 
that  there  is  yet  something  to  be  done  in  their  native  country.  In  and 
around  London  of  late  years  there  have  been  many  great  and  remarkable 
works  executed,  some  not  yet  completed,  and  I  can  scarcely  imagine  a 
better  school  for  engineers,  if  they  have  properly  studied  the  different  im- 
portant engineering  operations  that  have  been  carried  ont.  Many  of  these 
works  will  mark  the  present  era  of  engineering  for  centuries  to  come.  Take, 
for  instance,  that  grand  work  the  Thames  Embankment,  although  not  yet 
completed,  the  portion  now  opened  shows  the  great  improvement  it  will 
be  to  London.  I  hope  to  see  it  extended  on  both  sides  of  the  river,  so  that 
the  improvement  may  be  made  complete  in  the  metropolitan  district.  The 
main  drainage  works  are  in  full  progress,  and  in  a  comparatively  short 
time  we  shall  doubtless  have  London  perfectly  drained,  and,  as  a  natural 
result  of  this,  the  health  of  the  inhabitants  improved.  The  river  Thames 
has  decidedly  improved  in  purity  during  the  last  few  years,  as  I  have  had 
good  opportunity  of  knowing.  Various  kinds  offish,  froriT  the  dace  to  the 
porpoise,  certainly  made  their  appearance  during  last  summer  in  the  neigh- 
bourhood of  Blackfriars-bridge.  Then  we  have  the  Metropolitan  outer 
and  inner  circle  railway ;  although  not  quite  completed,  yet  the  work 
already  done  is  sufficient  to  command  the  admiration  of  all  observers,  pro- 
fessional or  non-professional.  I  consider  it,  as  a  work,  a  credit  to  our  pro- 
fession. 

Such  a  varied  practice  cannot  have  occurred  in  any  other  railway  I 
know  of,  and  it  is,  I  think,  a  good  example,  showing  that  whatever  difficul- 
ties arise  in  the  construction  of  works,  they  can  be  successfully  met  by  a 
good  engineer.  Then  there  is  the  East  London  Railway  in  course  of  con- 
struction, which  will,  no  doubt,  be  of  great  service  when  completed  for 
public  traffic ;  also  other  small  branches,  which  are  of  importance  to  the 
main  lines  they  belong  to,  and  all  tending  to  complete  the  railway  system. 
We  have  also  had  new  docks — I  allude  to  the  Millwall  Docks — opened 
during  the  last  year,  and  improvements  and  enlargements  at  the  West 
India  Docks,  which  will,  no  doubt,  be  appreciated  by  the  mercantile  com- 
munities of  London,  and  I  may  say  of  the  world.  Good  dock  accommoda- 
tion is  a  great  desideratum,  though  sadly  neglected  in  places  where  it  is 
greatly  needed.  There  are  many  positions  on  the  coasts  of  England  where 
good  docks  would  be  of  great  value  and  convenience,  and  I  hope  to  live 
to  see  many  such  positions,  naturally  formed  for  harbours  and  docks,  taken 
advantage  of  for  their  construction.  The  bridge  over  the  Thames  at  Black- 
friars  has  made  good  progress  during  the  last  year,  and  I  expect  to  see  it 
open  for  public  traffic  about  the  middle  of  this  year.  This  will  also  be  a 
great  metropolitan  improvement.  The  Holborn  Valley  Viaduct  will  be 
of  great  utility,  and  is  also  progressing  rapidly  towards  completion.  There 
is  an  improvement  very  much  wanted  in  London,  and  that  is  a  footway 
bridge  crossing  over  our  principal  thoroughfares;  and  in  places  like  Regent 
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Circus  or  the  bottom  of  Fleet-street,  a  four-way  bridge  would  be  very  de- 
sirable. I  see  no  reason  why  they  should  not  be  tried.  A  light  iron 
structure  might  be  erected  at  a  trifling  cost,  and  would  very  s3on  prove 
if  it  were  of  practical  use.  Engineering  work  in  Great  Britain  has  gene- 
rally been  very  slack  during  the  last  year.  It  has  had  many  things  to 
diminish  its  chance  of  prosperity.  The  Abyssinian  war,  the  unsettled  state 
of  and  revolution  in  Spain,  and  the  doubtful  position  of  politics  with  re- 
gard to  war  in  Europe,  all  tended  to  the  stagnation  of  work.  For  the 
prosperity  of  civil  engineering  peace  is  absolutely  necessary,  and  I  hope 
aDd  think  we  may  look  forward  to  it  with  confidence. 

The  general  election,  without  doubt,  materially  interfered  with  engineer- 
ing establishments  all  over  the  kingdom.  I  think,  however,  I  may  con- 
gratulate you  on  the  fact  that  the  prospect  of  increase  of  work  is  decidedly 
brightening  in  the  iron  districts,  which  is  a  good  criterion  for  our  profes- 
sion generally,  although  report  states  that  Belgian  houses  have  an  immense 
amount  of  work  in  hand.  The  Iron  Trade  Review  of  December  23rd,  1868 
states  that  they  "  have  now  secured,  or  are  in  treaty  for,  contracts  to  the 
extent  of  something  like  90,000  tons  of  rails ;  "  and  further  on  remarks  : 
"  We  may  ask  what  English  firms  durst  venture  to  take  contracts  for  such 
a  period  in  advance  in  the  present  state  of  the  market,  in  consequence  of 
the  constant  insecurity  from  a  movement  on  the  part  of  workmen  for 
advanced  wages  ?  and  experience  has  shown  that  this  is  almost  sure  to  be 
their  tactics  whenever  they  know  that  employers  have  heavy  contracts  on 
hand."  This,  I  am  sorry  to  say,  I  believe  to  be  the  case.  Every  man  has 
a  right  to  obtain  as  much  as  he  can  for  his  labour  ;  but  it  is  unfair,  after 
a  master  has  taken  a  contract,  for  workmen  to  demand  a  rise  of  wages 
before  the  completion  of  that  contract,  and  it  is  much  to  be  regretted  that 
workmen  should  do  so,  as  in  many  cases  it  prevents  the  ironmasters  of 
England  from  taking  work.  It  is  a  difficult  question,  but  one  of  great 
importance,  to  institute  a  proper  system  of  arbitration  between  men  and 
masters ;  and  whoever  could  arrange  a  good  method  of  effecting  this  would 
be  rendering  his  country  a  great  service.  The  export  trade  of  manufac- 
tured iron  into  France  has  decreased  by  some  5,000  tons  in  1868  from  that 
in  the  preceding  year,  still  I  perceive  a  great  probability  that  the  decrease 
will  he  altered  to  an  increase  during  this  year.  I  am  glad  to  find,  also, 
from  public  reports  that  our  exports  of  iron  to  America  are  decidedly  on  the 
increase ;  and  from  the  friendly  relations  now  existing  between  the  two 
countries,  and  also  from  the  low  state  of  stocks  of  iron  generally,  we  have 
every  reason  to  expect  that  our  exports  will  be  much  larger  during  the  pre- 
sent year,  and  I  most  sincerely  trust  that  not  only  mutual  improvement  of 
commerce,  but  of  good  feeling,  will  continue  between  Great  Britain  and 
America  and  all  other  parts  of  the  world. 

Certain  I  am,  with  regard  to  our  nearest  neighboui-3,  that  the  sentiment 
of  peace  which  the  Emperor  has  lately  expressed  confirms  my  idea  of  the 
probable  increase  of  trade  generally.  While  on  the  subject  of  iron,  I  have 
great  pleasure  in  remarking  that  we  have  to  welcome  a  new  society  lately 
formed,  under  the  title  of  the  Iron  and  Steel  Institute,  and  I  learn  in  the 
short  space  of  two  months  150  gentlemen  directly  connected  with  the  iron 
and  steel  interest  have  signified  their  intention  of  joining  the  new  institute. 
There  can  he  no  doubt  that  much  good  will  result  from  the  information 
they  will  be  able  to  afford  our  profession.  In  Great  Britain  there  have  not 
been  very  many  engineering  words  of  great  interest  carried  out  during  the 
lust  year.  The  principal  amongst  those  completed  is  the  bridge  over  the 
Mersey  at  Kuncorn  and  the  viaduct  over  the  Solway.  Of  those  in  progress 
tin  re  is  also  a  bridge  over  the  Trent  at  Nottingham,  which  I  believe  will 
be  a  very  excellent,  example  of  its  sort  when  finished.  I  may  also  mention 
the  Chatham  Docks.  These  works  are  on  an  extensive  scale,  and  will  no 
doubt  be  of  great  value  to  the  service  they  are  required  for.  Then  there 
If  the  new  dock  at  Hull,  the  Sunderland  Docks,  and  the  Tyne  improve- 
ments. One  of  the  most  important  questions  that  engineers  have  before 
them  is  that  of  town  drainage  and  irrigation — a  subject  that  has  been 
particularly  brought  before  us  by  our  late  president,  who  certainly  has 
given  in  the  benefit  of  his  considerable  practice  in  that  branch  of  civil 
engineering,  and  for  which  wc  have  much  to  thank  him.  The  boldest  of 
the  proposed  engineering  works  connected  with  England  is  that  of  passing 
under  or  over  the  Channel,  fin  which  we  have  three  schemes,  i.e.,  by  means 
Of  a  bridge,  n  tunnel,  or  a  steam  ferry.  The  first  of  these  I  do  not  expect 
to  sec  carried  out  ;  the  second  I  believe  to  be  quite  practicable,  the  cost 
appearing  the  (rreal  objection;  the  third  seems  to  me  the  most  practical 
proposition,  and  1  hare  no  doubt  would  lie  found  of  great  service  to  I  lie 
public  On  the  Continent  during  last  year  there  have  some  remark  a  I  do 
works  completed  and  many  in  progress,  and  if  peace  continues  and  Spain 
settles  down  t  >  working  instead  of  fighting  1  think  we  may  reasonably 
t  a  considerable  advance  in  engineering  works.  In  that  country  there 
Considerable  Bald  for  engineering  of  all  kinds  j  in  Turkey  also  improve- 
ments arc  mueh   wanted*  railways   more  particularly.      Then    there   are   tin- 

Wallachian  lini  mpleted,  and  I  understand  seme  huge  contracts 

have  lately  !,een  taken   in    that    part   of  the    world  by    English  contractor* 

This  year  in  Russia  there  will  be  heavy  railway  works  In  progress;  Italy- 
aid  Sicily  will  possibly  add  tomethiog  to  the  European   railway  system. 


The  most  remarkable  railway  work  opened  for  traffic  during  the  past  year 
is  that  over  Mont  Cenis,  and,  in  spite  of  differences  of  opinion  as  to  details 
in  working,  it  must  be  considered  a  great  engineering  achievement.  Its 
lival,  the  Mont  Cenis  tunnel,  is  gradually  progressing  towards  completion, 
and  when  it  is  done  will  solve  the  problem  of  under  versus  over  mountain 
travelling.  Bridge  engineering  has  also  been  represented  by  some  very 
fine,  and,  in  some  ca=es,  novel  structures.  Perhaps  the  most  novel,  and 
certainly  one  of  the  finest,  is  that  over  the  Moldau  at  Prague,  on  the  rigid 
suspension  principle,  which  seems  to  be  very  successful,  and  I  am  very 
pleased  to  remark  that  Mr.  Ordisb,  the  engineer  of  this  bridge — an  old 
member  of  this  Society  and  one  of  its  presidents — has  been  presented  by 
the  Emperor  of  Austria  with  the  gold  medal  of  Arts  and  Sciences  of  that 
country  on  the  opening  of  the  bridge,  and  Mr.  Wessely,  one  of  our  prize- 
men, the  gold  order  of  merit  for  the  part  he  has  taken  in  the  construction 
of  the  bridge. 

One  of  the  finest  railway  bridges  in  Europe  has  been  constructed  over 
the  Rhine  at  Kuilemburg,  in  Holland,  which  does  great  credit  to  its  en- 
gineer and  those  who  have  carried  it  out.  Its  construction  is,  doubtless, 
familiar  to  you  all,  through  the  medium  of  the  London  scientific  papers. 
It  is  remarkable  for  its  large  span  of  492ft.  in  the  clear. 

Among  numerous  great  European  works  in  progress  may  be  mentioned 
the  docks  at  Havre,  which  will,  I  understand,  be  very  fine  when  com- 
pleted; and  drainage  works  and  canals  in  Holland. 

Let  us  now  travel  eastward,  and,  crossing  into  Africa,  we  come  to  one 
of  the  grandest  works  of  modern  times — the  great  ship  canal  across  the 
Isthmus  of  Suez.  Already  a  small- schooner,  La  Levrette,  has  made  a  pas- 
sage by  the  canal  across  the  isthmus;  and  I  learn,  on  the  best  authority, 
that  in  about  six  months  it  is  probable  vessels  of  the  largest  size  will  be 
able  to  pass  through  the  isthmus  from  sea  to  sea. 

If  this  is  realised,  what  a  great  engineering  triumph  it  will  be — perhaps 
even  altering  the  fortunes  of  nations.  Certainly  it  will  make  a  difference 
in  our  Indian  trade,  but  time  will  soon  make  a  great  show ;  and  it  is 
scarcely  worth  theorising  when  we  shall  so  shortly  know  what  the  result 
will  be. 

(To  be  continued.) 


REVOLVING     IRON-CLAD     FORTS. 
By  Messes.  Ryan  and  Hitchcock 

The  partial  failure  in  the  attempt  to  construct  iron-clad  forts  for  the 
protection  of  our  dockyards,  combined  with  the  enormous  outlay  already 
incurred,  will,  we  think,  be  sufficient  excuse  for  extracting  the  following 
account  from  the  Scientific  American,  of  a  very  simple  and  ingenious 
American  invention  : — 

"  Of  late  the  science  and  skill  in  the  manufacture  of  large  guns  is  so  far 
in  advance  of  the  power  of  resistance  in  ships  when  they  are  clad  up  to 
their  maximum  load,  that  they  are  not  at  all  reliable;  and  the  old  fortifi- 
cations are  still  more  unreliable  ;  hence  the  necessity  of  corresponding 
improvements  in  torts  and  other  means  of  defence.  When  our  largest  guns 
consisted  of  68-poundcrs,  it  was  but  pastime  for  the  brick  mason  and  stone 
cutter  to  construct  fortifications.  But  now  600  or  1,000-pounders  have 
reduced  all  such  fancy  structures  to  worthlessness.  It  is  now  guns  versus 
forts,  iron  and  steel  against  iron  and  steel.  But  the  iron-clad  is  now  more 
than  a  match  for  the  old  fort,  and  iron  plating  has  heretofore  proved  a 
failure,  therefore  we  see  great  energy  and  anxiety  exhibited  by  foreign 
nations  to  protect  their  fortifications.  To  preserve  their  guns  in  barbette 
they  mount  revolving  turrets  on  the  top,  and  in  the  angle  of  their  forts, 
but  this  as  a  naval  defence  will  prove  a  useless  experiment.  Other  experi- 
ments are  proposed,  such  as  adopting  "  rifle  pits  "  on  a  large  scale,  with 
guns  so  mounted  that  they  "get  themselves  up  and  fire  over  the  top  of 
the  pit  and  then  get  themselves  down  again  to  be  reloaded  ;  "  and,  lastly, 
it  is  proposed  to  mount  a  miniature  fort  on  trucks  to  be  propelled  by  a 
locomotive  engine ;  this  locomotive  fort  to  travel  on  an  annular  inclined 
railway,  coming  round  from  behind  a  shield  or  casement  moving  up  the 
incline  and  firing  over  the  embankment,  and  then  gracefully  retiring. 
These  somewhat  novel  devices  tend  to  show  the  drift  of  the  practical  mind. 
the  utter  incapacity  of  the  present  mode  of  constructing  fortifications,  and 
the  consciousness  that  something  must  lie  done,  and  that  soon,  to  solve 
these  two  great  problems  ;  yet  no  two  engineers  can  agree,  hut  leave  them, 
as  they  found  them,  unsolved.  We  know,  too,  that  the  very  existence  of 
some  Governments  depend!  on  the  solution  of  one  or  tho  other  of  these 

problems.  We  know  that  'iovcrnments  that  have  the  most  forts,  really 
have  the  leapt  COnfide&M  in  them,  and  are  surrounding  them  w ith  iron- 
clads, floating  batteries,  iind  torpedoes.      Ono    writer   says  that  the  British 

Admiral1 y  have  made  a  "lamentable  failure  of  the  Plymouth  forts  and 
Gibraltar  shield*,"  and  it  is  well  known  that  In  i  «ne  eases  they  plate  tin- 
tops  of  the  fort,  leaving  the  base  exposed,  when  they  know  by  actual  ex- 
periment that  a  single  shot    has    "  splintered  "    granite    blocks   15lt.    back 
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from  the  face,  or  point  of  impact.  Noval  tactics  are  being  reversed ;  forts 
were  formerly  used  to  protect  ships,  but  now  ships  have  to  protect  forts, 
such  as  they  are.  Doubtless  the  true  theory  is  mutuality ;  one  auxiliary  to 
the  other. 

In  view  of  these  facts  it  is  claimed  that  the  Revolving  Hydrostatic  and 
Pneumatic  Fort  satisfactorily  solves  the  first  problem ;  how  best  to  defend 
ourselves  against  an  enemy's  ships.  Accompanying  this  article  will  be 
found  a'  plan,  reduced  from  working  drawings  drawn  to  a  scale,  to  admit  of 
eight  15-inch  guns,  and  is  58ft.  diameter  on  the  gun  deck.  It  gets  its 
flotation  by  being  inclosed  in  an  iron  tank,  say  2ft.  greater  in  diameter 
than  the  bottom  section  of  the  fort,  having  the  intermediate  space  filled 
with  water.  The  upper  section,  or  fort  proper,  is  constructed  entirely 
of  iron  or  steel  plates  of  any  given  thickness ;  in  this  plan  it  is  pro- 
posed to  use  three  thicknesses  of  six-inch  plates,  which  are  now  con- 
sidered sufficient  to  resist  any  projectile  that  has  been  contemplated.  It 
is  only  a  question  of  buoyancy,  whether  this  fort  be  one  foot  or  four  feet 
in  thickness,  which  is  governed  by  the  superficial  area  of  the  base  or 
lower  section  immersed,  so  that,  it  will  he  seen,  this  system  is  unlimited 
in  its  capacity.  The  lower  section  is  divided  off  into  store  rooms  for  pro- 
visions and  ammunition,  and  into  quarters  for  officers  and  men. 


pressed  air,  which  takes  up  the  recoil  of  the  monster  pieces  and  runs  them 
again  into  battery  by  the  power  of  a  single  arm — together  with  other 
appliances  to  facilitate  loading,  opening  and  closing  the  port  stoppers — 
Captain  Ryan's  system  insures  a  great  saving  of  men  and  time.  And  it 
will  he  borne  in  mind  that  this  revolving  fort  effectually  counteracts  the 
advantage  heretofore  held  by  ships  under  steam  and  constantly  in  motion 
while  in  the  act  of  bombarding ;  for  this  fort  can  also  be  kept  in  constant 
motion,  so  that  the  lateral  range  when  got,  need  never  be  lost  on  a  moving 
ship — overcoming  the  most  difficult  part  of  gunnery  in  fortifications.  This 
fort  can  also  be  located  in  positions  where  it  would  be  almost  impossible  to 
erect  an  ordinary  fort ;  as,  for  instance,  in  low  marshy  land  or  on  quick- 
sand, this  fort  may  be  set  up  in  a  short  time  by  simply  excavating  a  pit 
large  enough  to  receive  the  iron  tank,  when  the  foundation  is  ready  for  an 
eight  gun  fort,  equivalent  to  a  50  gun  fort  of  the  present  construction  ; 
and  if  it  be  exposed  to  attack  from  land,  it  still  maintains  its  permanence 
as  a  defensive  work,  as  nothing  short  of  insanity  could  induce  infantry  to 
assault  such  a  fortress ;  for  so  long  as  provisions  and  ammunition  hold  out 
a  garrison  of  50  men  in  its  iron  shield  could  never  be  mnde  to  surrender. 
The  attack  of  a  siege  train  would  be  quite  as  futile  ;  starvation  or  treachery 
might  capture  one  of  these  forts,  hut  powder  and  ball  never. 


A  fort  of  this  kind  weighing  1,500  or  2,000  tons  may  be  revolved  easily 
with  three  or  four  men  by  simply  turning  a  crank,  thus  enabling  us  to 
handle  eight  15-inch,  20-inch,  or  30-inch  guns. 

Suppose  science  and  mechanical  skill  should  produce  wrought  iron  or 
steel  guns  of  50  tons  or  more,  with  a  24  or  30-inch  calibre,  which  may  be 
considered  at  least  possible,  they  could  not  be  used  on  board  of  ships,  nor 
do  we  think  they  would  be  practical  in  the  present  fortifications ;  but  on 
this  hydrostatic  principle  such  guns  can  be  trained  as  expeditiously  as 
guns  weighing  only  ten  tons ;   and  by  an  ingenious  arrangement  of  corn- 


All  the  advantages  pertaining  to  the  revolving  fort  may  be  transferred 
to  a  floating  battery  by  constructing  a  solid  timber  platform  or  shield 
150ft.  square,  more  or  less,  from  12ft.  to  20ft.  deep,  with  proper  fastenings, 
and  plated  with  iron,  to  be  ram  and  shell  proof,  leaving  in  the  centre  a 
well-hole  through  the  shield  of  requisite  diameter  to  receive  the  fort,  in 
which  case  it  will  be  seen  that  the  timber  shield  is  a  substitute  for  the  iron 
tank,  with  this  difference  that  it  has  no  bottom  but  the  sea.  In  case  of 
necessity  this  immense  shield  is  towed  into  position  and  securely  moored. 
To  an  obstruction  of  this  kind  rams  and  iron-clads  will  give  a  wide  berth. 
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SHIP-BUILDING  ON  THE  CLYDE. 

While  the  trade  of  ship-building  has  been  languishing  so  distressingly 
upon  the  Thames,  iu  consequence  of  the  excessive  rate  of  wages  demanded 
by  the  shipwrights,  platers,  &c,  the  Clyde  ship-builders  have  been 
steadily  increasing  their  business,  until  they  are  now  almost,  if  not  quite, 
as  full  of  orders  as  they  were  during  the  American  war.  Although 
during  that  period  they  turned  out  (in  1864)  about  five  per  cent,  more 
tonnage  than  last  year,  it  cau  scarcely  be  considered  as  satisfactory  as  the 
present  steady,  legitimate  trade,  without  any  such  exciting  cause.  The 
following  is  a  general  summary  of  the  state  of  the  trade  during  the  past 
six  years,  together  with  the  prospectus,  so  far  as  can  be  ascertained,  of 
the  present  year : — 

1867.  1868. 

No.  Tons.  Xo.  Tons. 

War  Steamers  —  ...  —     ...  S  ...  5,384 

Paddle  Steamers  (Iron)    26...  9,150...  18...  6,291 

Screw  Steamers  (Iron) 77...  52,206...  78...  78,359 

Do.          (Composite)   1  ...  267  ...  4  ...  2,882 

Screw  Hopper  Barges  (Iron)  4...  1,200...  8...  1,900 

Steam  Dredgers  (Iron) 2...  900...  2...  485 

Sailing  Vessels  (Iron)  44...  34,116...  73...  63,799 

Do.         (Composite)     9  ...  7,969  ...  16  ...  13,313 

Do.         (Wood)    13  ...  3,045  ...  14  ...  2,234 

Yachts  (Wood  and  Composite)  9...  625...  6...  331 

Total  Vessels  and  Tonnage  Launched  ...     241   ...  114,598  ...  227  ...  174,978 


Comparison-  of  tiie  last  Six  Years. 

1863.  1861. 

No.  Tons.         No.  Tons. 

War  Vessels   1  ...  1,246..  3...  11,900 

Paddledo 38  ...  26,147  ...  80  ...  57,000 

Screws  do 69...  53,980    ..  85...  67,340 

Sailing  vessels    49...  36,457...  52...  47,760 

Barges,  &c 13...  6,170...  —  ...  — 

170  ...  124,000  ...  220  ...  181,000 

1866.  1867. 

No.  Tons.         No.  Tons. 

War  Vessels  1  ...  4,173...  —  ...  — 

Paddledo 35  ...  13,602  ...  26  ...  9,510 

Screws  do 121  ...  75,559  ...  82  ...  53,673 

Sailing  vessels    57  ...  32,787  ...  75  ...  45,753 

Barges,  &c 32  ...  3,868  ...  58  ...  5,462 


I860 


Xo. 
1 

47 
120 

75 


Tons. 

4,200 
29,000 
88,000 
35,000 

2,100 


..  267  ...  15S.300 

1868. 
Xo.  Tons. 


8 

18 

82 

109 

10 


5,384 

0,291 

81,241 

79,577 

2,385 


217  ...  129,989  ...  241  ...  111,598  .. 

Orders  ox  Hasd. 

1867. 
Vcs.  Tons. 

(inn  Boats 5  ...  2,028  ... 

v  Armour  (Jiads    5  ...  11,836  ... 

Paddle  Steamers  11  ...  4,778  ... 

Screw         do 57  ...  01,791   ... 

Steam  Dredgers    3  ...  1,585  ... 

Sailing  Vessels  (Iron) 26  ...  26,650... 

I".          (Composite)     12  ...  5,221  ... 

Do.         (Wood)    11  ...  900  ... 

Barges(Iron) 2  ...  332  ... 

Total  orders  on  hand,  1867  and  1868...     130...     115,121... 

Total  orders  on  hand,  1866 

Total  orders  on  hand,  1865 

Tnt.il  orders  on  hand,  1S6 1 

House-Power  of  Excises. 

Supplied  to  Vessels  built  on  Clyde  in  18'H 

I'o  be  supplied  to  Vessels  building  and  contracted  for 


171,978 


1868. 
Ves.       Tons. 
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3  .. 

57  .. 

38  '.'. 

9  .. 

11  .. 


123 
106 
180 

120 


10,188 

1,914 

70,600 

37,300 

7,400 

1,858 

140 


l'_':Uuo 
78,000 


130,000 

]( II  .'.001 1 


Horse-Power. 
.     16,600 
.    14,200 


TELEGRAPH    EXTENSION. 

The  new  year  lias  opened  with  bright  prospects  for  the  extension  of 
telegraphic  communication  throughout  the  world.  A  cable  has  recently 
been  sent  out  from  England  which  is  to  be  laid  between  Australia  and 
Tasmania,  and  it  is  expected  that  the  line  of  c  nnmooication  between  these 
two  colonies  will  be  completed  about  the  middle  of  the  year.  About  thai 
time,  probably,  there  will  be  an  unintcrupti-d   system  of  telegrnps  between 


this  country  and  Russia.  Communication  has  been  effected  between 
Denmark  and  Bornholm,  and  when  the  complement  of  the  extension — 
namely,  the  section  between  Barnholm  and  Libau  is  completed,  it  will  be 
practicable  to  send  messages  from  this  country  almost  direct  to  Russia. 
The  successful  submergence  of  the  cable  from  Bornholm  to  Libau  has  been 
prevented  by  the  ice  in  the  Baltic.  The  submergence  of  a  cable  between 
Peterhead,  in  Scotland,  and  Norway  is  also  contemplated.  Over  and  over 
again  the  defects  of  the  existing  system  of  telegraphic  communication  with 
India  have  been  indicated.  There  is  now  some  hope  that,  after  a  compara- 
tively short  time,  the  means  of  correspondence  will  be  considerably  im- 
proved. The  Indo-European  Telegraph  Company  propose  erecting  a  two- 
wire  overland  route  from  Nordeney,  on  the  Hanoverian  coast,  through 
Prussia  and  Russia,  via  the  Black  Sea,  and  thence  on  through  Persia  to 
Teheran,  to  join  the  existing  lines.  Another  scheme  for  effecting  the 
object  to  which  we  have  referred  is  projected  by  the  Anglo-Mediterranean 
Company,  who  contemplate  the  extension  of  the  system  completed  last 
year  to  India,  by  the  submergence  of  a  cable  from  Suez  by  the  Red  Sea  to 
Aden,  and  thence  on  to  Bombay.  That  business  sufficient  to  supply  both 
lines  would  be  forthcoming,  provided  they  were  efficiently  worked,  there 
is  no  reason  to  doubt,  hue  the  superiority  of  submarine  cables  to  land  lines 
passing  through  countries  the  inhabitants  of  which  may,  in  a  politial  com- 
plication, become  hostile  to  England,  is  obvious.  The  laying  of  a  cable 
from  Cuba  to  Jamaica,  and  thence  to  Panama,  has  been  lately  proposed, 
we  understand,  to  its  prompt  completion.  It  has  doubtless  been  remarked 
by  those  who  feel  an  interest  in  the  subject  of  which  we  are  speaking,  that 
nearly  all  the  interruptions  from  time  to  time  in  the  Persian  Gulf  cable 
have  occurred  near  the  same  spot.  In  order  to  reduce  the  chances  of  stop- 
page, alternative  land  lines  have  been  erected,  and  very  shortly  the  Tweed 
and  the  Calcutta  will  leave  England  with  500  miles  of  cable  to  duplicate 
the  means  of  communication  where  the  interruptions  have  been  frequent. 
A  few  statistics  regarding  the  number  of  miles  of  telegraphic  cable  manu- 
factured in  England  in  1S6S  will  afford  some  idea  of  the  progress  of  t 
graphy  during  the  period  specified  : — For  the  Malta  and  Alexandria  cable, 
920  miles;  for  the  Tasinanian  and  Australian  line,  200  miles;  for  the 
Crown  colonies,  five  miles  ;  for  the  French  Atlantic  cable,  about 700  miles; 
for  the  Baltic  cable,  320  miles;  for  the  Persian  Gulf  cable,  500  miles; 
for  cables  for  Norway.  Sweden,  and  Italy,  100  miles  ;  for  the  Denmark 
and  Newcastle  cable,  340  miles;  for  the  Cuba  and  Florida  cable  (with  five 
miles  of  extra  line),  119  miles  ;  for  the  cable  employed  in  changing  the 
landing-place  of  the  Zandvoort  cable  from  Dnnwich  to  Lowestoft,  33 
miles;  for  the  Isle  of  Man  cable,  two  miles;  making  a  total  of  consider- 
ably over  3,000  miles  of  cable  manufactured  within  the  limits  of  a  year. 


HOWLISONS  RAILWAY  SLEEPING  BERTHS. 

A'though  some  further  provision  for  the  comfort  of  railway  passeng 
on  "through"  or  long  journeys  is  a  recognised  necessity,  and  smoking 
compartments  are  now  in  use,  yet  still  we  are  without  the  comfort  of  sleep- 
ing accommodation  or  lavatory  arrangements.  America  has  taken  the 
lead  in  this  respect,  but  with  our  shorter  lines,  their  system  is  too  costly 
and  inapplicable,  so  that  if  anything  is  to  be  done  to  induce  the  rail- 
way companies  to  introduce  sleeping  accommodation,  it  must  be  both 
economical  and  applicablo  to  the  present  construction  of  carriages,  which 
have  neither  the  width  nor  height  of  the  American  cars-  So  far  as  we 
see,  the  invention  of  Mr.  Howlison  seems  to  fulfil  these  requisites,  and 
there  should  be  no  excuse  for  railway  companies  not  transforming  a  few 
of  their  "  through  "  passenger  carriages  so  as  to  be  capable  of  being 
used  as  sleeping  and  reclining  carriages.  This  would  undoubtedly  prove 
of  substantial  advantage  to  them,  as  well  as  convenience  to  travellers, 
and  thus  increase  the  passenger  traffic  amongst  a  large  class  of  persons  who 
require  such  comfort  to  enable  them  to  save  time  by  travelling  during  the 
night. 

.Mr.  Bowlison's  invention  is  simple,  and  consists  in  several  arrange- 
ments of  moveable  sleeping  or  reclining  stuffed  berths,  which  are  eit 
made  to  Blide  vertically  in  grooves  at  their  ends,  or  turn  radially  on  hinges 
attached  to  the  sides  of  the  carriage,  or  to  the  partitions.  They  are  set  in 
anv  desired  position  above,  and  in  addition  to  the  Usual  seats,  and  so 
arranged,  when  not  in  US  ■,  to  slide  close  up  to  eaeh  other  at  the  roof  of  the 

carriage,  or  down  on  the  floor,  or  made  to  fori  the  seat  during  the  d 
or,  when  hinged,  be  made  to  fold  close  into  tiie  back  partiti  It  i.- 
Stated  by  the  inventor  that  any  compartment  of  a  first,  second,  or  third 
class  carriage  thus  arranged  could,  in  the  &  minute:  be  made 
to  comfortably  accommodate  six  ladies  or  gentlemen  with  separate  sleep- 
ing berths,  lixi.l  at  their  proper  and  rosj tive  distances  apart,  by  s 

and  efficient  fastenings. 


l'\l\li:sw       BXHlBTIOa      A  I   Vl  I  .11.1  -  Tie'    A'  !     I    Oil 
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pa  1 Is  a  largo  park,  which  will  sffo  i  trroundtog 

grounds  on  a  very  oxtcnslvo  scale,    Full  pari    ill    will  be  available  shortly, 
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THE  ARTIZAN. 


[February  1,  1869. 


THE  LATE  MR.  JOHN  DICKINSON. 

We  of  the  present  day,  can  form  but  a  faint  idea  of  what  was  the  state  of 
the  paper  manufacture,  now  so  important  a  branch  of  industry  in  this 
country,  even  at  so  late  a  period  as  the  commencement  of  the  present  cen- 
tury. Instead  of  paper  being  reeled  off  in  webs  several  feet  in  width,  and 
at  the  rate  sometimes  of  upwards  of  a  mile  a  hour  in  length,  each  sheet  had 
at  that  time  to  be  made  separately  on  a  mould  by  hand,  and  had  then  to  be 
subjected  to  various  subsequent  processes  before  it  was  in  a  state  fit  for 
use.  To  obtain  an  uniform  and  continuous  supply  for  any  purpose  was 
almost  a  matter  of  impossibility,  and  the  necessity  of  applying  machinery 
to  this  manufacture  was  beginning  to  be  felt,  while  the  success  which  had 
attended  its  introduction  into  the  spinning  and  weaving  industries  gave 
encouragement  of  success.  Yet  the  whole  change  from  a  system  of  manu- 
facture almost  mediaeval  in  its  rudeness  was  comprised  within  the  lifetime 
and  was  in  great  measure  effected  by  the  exertions  and  ingenuity  of  the 
gentleman  whose  name  we  have  placed  at  the  head  of  this  paragraph,  and 
who  was  buried  on  the  18th  ult.,  at  Kensal-green.  John  Dickinson,  eldest 
son  of  Captain  Thomas  Dickinson,  R.N.,  was  born  on  the  29th  of  March, 
1782,  and  had,  therefore,  nearly  completed  his  87th  year  at  the  time  of  his 
decease.  The  intimacy  subsisting  between  Captain  Dickinson/s  family  and 
Mr.  Andrew  Strahan,  at  that  time  the  King's  printer,  influenced  his  future 
career  as  connected  with  the  snpply  and  manufacture  of  paper.  On  the 
expiration  of  his  indentures  he  commenced  business  in  Walbrook,  and 
shortly  after  joined  Mr.  George  Longman,  brother  of  the  late  Mr.  Long- 
man, of  Paternoster-row,  and  for  some  time  M.P.  for  Maidstone,  and 
carried  on  business  with  him,  and  subsequently  with  his  nephew  in  the 
premises  in  the  Old  Bailey,  so  long  associated  with  the  name  of  Dickinson 
and  Co.  It  was  not,  however,  until  the  year  1806  that  the  first  patent 
"for  manufacturing  paper  of  an  indefinite  length"  was  taken  out  by  Henry 
Fourdrinier,  and  this  was  soon  followed  by  Mr.  Dickinson's  patent  of  June 
30,  1807,  for  machinery  for  cutting  and  planing  paper  thus  made. 
Fourdinier's  patent  for  the  paper  machine,  was  taken  out  in  the  same  year  ; 
and  it  was  about  this  time  that  Mr.  Dickinson  commenced  his  career  as  a 
paper  manufacturer  by  the  purchase  of  Apsley  Mill,  near  Hemel  Hempsted, 
to  which  in  the  course  of  time  four  other  mills  in  Hertfordshire  were  added, 
two  of  them  constructed  and  the  water  power  for  them  created  under  his 
own  superintendence.  It  was  in  1807,  before  the  commencement  of  the 
Peninsula  campaigns,  that  he  invented  a  Dew  cannon-cartridge  paper,  made 
by  mixing  together  linen  and  woollen  rags  in  certain  proportions,  so  that 
after  the  explosion  it  was  prevented  from  retaining  sparks  of  fire.  In  1809 
he  patented  machinery  for  the  manufacture  of  paper  by  means  of  a  cj'linder 
covered  with  wire  gauze  and  connected  with  an  air  pump — a  form  of 
machine  which  still  remains  in  use.  This  was  followed  by  other  patents 
for  the  manufacture  of  finely-faced  copper-plate  paper  by  a  sort  of  veneer- 
ing process,  and  for  a  machine  to  cut  cards,  both  of  which  were  successful 
inventions,  and  the  former  especially  tended  much  to  increase  his  reputa- 
tion. In  1829  he  invented  the  process  of  introducing  coloured  threads  into 
the  body  of  paper  at  the  instant  of  its  manufacture  which  was  again  im- 
proved on  in  1839.  This  preservative  against  forgery  will  have  been  noticed 
by  holders  of  Exchequer  bills,  and  many  of  us  will  remember  it  in  the 
stamped  envelopes  which  were  issued  by  Government  after  the  adoption  of 
the  penny  postage  system,  in  the  introduction  of  which  Dr.  Dickinson  had 
taken  great  interest.  In  1832  we  find  him  again  patenting  a  knotter  or 
strainer  for  cleaning  pulp  from  impurities,  and  two  years  later  applying 
magnets  for  the  removal  of  any  portions  of  iron  that  may  happen  to  be  in 
the  pulp,  and  thus  preventing  ironmould  in  the  paper.  Besides  these,  he 
took  out  other  patents  for  improvements,  more  or  less  important,  in  the 
manufacture  of  paper,  almost  up  to  the  period  of  his  finally  retiring  from 
business  in  1857.  Such  is  a  brief  outline  of  the  principal  inventions  of  Mr. 
Dickinson  in  connexion  with  the  manufacture,  of  which  he  must  be  regarded 
as  one  of  the  founders,  and  of  which  he  was  for  so  many  years  the  recognized 
chief. 


REVIEWS  AND  NOTICES  OF  NEW  BOOKS. 


By 


A   Descriptive   Treatise    on   Matkernntieal   Drawing   Instruments. 
William  Ford  Stanley,  P.S.A.,  5,  Great  Turnstile,  Holborn. 

We  are  glad  to  see  that  this  useful  treatise  has  reached  its  second 
edition.  As  the  first  edition  was  noticed  in  The  Artizan  of  April,  1866, 
it  only  remains  for  us  to  say  that  several  useful  additions  have  been  made 
to  the  work,  such  as  descriptions  of  the  engraver's  tray,  of  an  ingenious 
modification  of  the  copying  table,  where  the  drawing  to  be  copied  may  be 
laid  horizontally,  and  one  or  two  other  labour-saving  apparatus.  The 
book,  though  small,  is  a  very  complete  and  handy  vade  inecum  for  the 
mechanical  draughtsman.  To  the  inexperienced  draughtsman  it  will  be 
found  especially  valuable,  as  a  great  aid  towards  choosing  an  instrument, 
best  adapted  for  his  purpose,  and  also  in  instructing  him  how  to  use  the  in- 
strument when  so  obtained. 


NOTES  AND  NOVELTIES. 


MISCELLANEOUS. 

The  new  steel  manufactory  established  last  March  in  Chicago,  is,  we  learn  from  the 
Chicago  Railway  Eevieiv,  in  successful  operation,  having  a  capacitj  for  turning  2,6001b . 
of  steel  daily,  the  steel  being  of  excellent  quality. 

Trade  with  the  United  States. — The  value  of  British  produce  and  manufactures 
exported  to  the  United  States,  including  California,  last  year  was  £21,822,763,  against 
£28,449,514  in  1866,  and  £15,344,392  in  1863.  In  the  five  years  1863-7,  the  increase  was 
£6,481,311.  The  value  of  the  principal  articles  of  British  produce  exported  in  each  of  the 
years  1863  and  1867  respectively,  was  as  follows  :— Woollens,  £3,439,199  and  £3,590,681 ; 
iron,  £2,107,427  and  £3,298,289 ;  cotton,  £2,155,035  and  £3,166,603  ;  linens,  £2,282,010 
and  £2,918,530;  tin,  £831,779  and  £1,447,450;  apparel  and  haberdashery,  £800,902  and 
£972,245;  soda,  £356,574  and  £301,746  ;  hardware  and  cutlery,  £349,447  and  £719,269; 
earthenware  and  porcelain,  £356,329  and  £711,349;  machinery,  £50,037  and  £336,484. 
The  value  of  foreign  and  colonial  produce  and  manufacture  exported  to  the  United 
States,  included  California,  last  year  was  £2,296,108,  against  £4,352,393  in  1863.  This 
large  decrease  in  the  five  years  of  £2,056,284  is  chiefly  owing  to  the  falling  off  in  the  ex- 
ports of  cotton,  wool,  and  hemp.  The  value  of  these  exports  in  each  of  the  years  1863, 
and  1867  was— raw  cotton,  £1,391,749  and  £16,319 ;  wool,  £1,049,919  and  £210,293 ;  hemp, 
£74,441  and  £14,311.  The  value  of  the  imports  from  the  United  States,  including 
California  to  the  United  Kingdom  was  £19,572,033  in  1833,  and  £41,015,272  last  year 
showing  the  large  increase  in  the  fire  years  of  £21,473,239.  The  value  of  some  of  the 
principal  articles  imported  in  each  of  the  years  1863  and  1867  was  as  follows : — Eaw 
cotton,  £644,138  and  £25,721,079;  corn,  £7,433,491  and  £6,723,963  ;  cheese,  £925,007  and 
£1,470,017;  tobacco,  unmanufactured,  £1,536,145  and  £1,079,005;  bacon  and  hams, 
£2,411,771  and  £727,627 ;  lard,  £996,675  and  £586,324 ;  oilseed  cake,  £258,013  and  £  173,602 ; 
petroleum,  £653,632  and  £364,675 ;  tallow  £524,554  and  £321,095 ;  rosin,  £3,506  and 
£256,769;  oil  £324,207  and  £567,749 ;  skins  and  furs  £201,691  and  £231,637. 

NAVAL  ENGINEERING. 

The  Government  has  ordered  two  armour  plated  turret  ships— the  Abyssinia  and  the 
Magdala— to  be  constructed  for  the  defence  of  Bombay,  both  vessels  being  built  from 
the  same  drawings  and  patterns  as  the  Cerberus.  The  contract  for  building  the 
Abyssinia  has  been  taken  by  Messrs.  Dudgeon,  of  Poplar,  and  that  for  the  Magdala  by 
the  Thames  Iron  Shipbuilding  Company,  Blackwall. 

The  "  Aeethdsa." — The  unarmoured  screw-frigate  Arethusa,  35  guns,  3,141  tons,  500 
horse-power,  has  been  paid  off  at  Sheerness.  Her  engines  (Penn's)  are  said  to  be  in  ex- 
cellent order,  and  very  free  from  wear.  It  is  not  thought  likely  that  the  Arethusa  will 
ever  again  be  commissioned  as  a  sea-going  ship ;  indeed,  there  is  a  rumour  that  some  of 
her  timbers  are  so  rotten  that  the  cost  ot  repairing  her  would  be  too  great  to  incur, 
when  measured  by  the  results  that  would  accrue. 

In  accordance  with  orders  received  from  the  Admiralty,  an  official  trial  of  Lowe's  patent 
marine  propeller,  which  has  been  further  improved  by  his  daughter,  Mrs.  Vansittart,  was 
made  on  the  6th  ult,  off  the  Maplin  Sands.  The  propeller  was  fitted  to  the  Cadmus, 
screw  corvette,  21  guns,  1,466  tons,  400-horse  power,  under  the  personal  superintendence 
of  Mrs.  Vansittart.  The  principal  features  of  the  propeller  are — 1st,  less  slip,  giving  an 
increased  speed  of  vessel,  and  full  backing  power,  2d,  greater  steadiness,  or  absence  of 
vibration  ;  and  (consequent  upon  these),  3d,  a  less  consumption  of  fuel,  and  a  reduction 
of  the  wear  and  tear  of  ship  and  machinery.  The  propeller,  when  viewed  endwise, 
instead  of  forming  portions  of  the  thread  of  a  screw,  presents  a  curved  line,  curving  in 
opposite  directions  from  the  centre  to  the  edges  of  the  blade.  The  trial  was  undoubtedly 
successful,  the  ship  being  quite  free  from  vibration.  It  was  a  bold  course  on  the  part 
of  the  adaptress  to  risk  the  reputation  of  the  invention  by  attaching  the  blades  to  a  boss 
to  which  they  had  never  been  adapted  before;  but  the  result  has  enabled  Mrs.  Vansittart 
to  fit  the  Griffiths'  boss  with  the  certainty  of  obtaining  a  very  marked  advance  overall 
known  screw  propellers 

STEAM  SHIPPING. 

The  Helvetia  Screw  Transport. — The  Helvetia  is  a  remarkably  fine  steamship,  and 
started  on  her  voyage  for  Alexandria  with  1,800  tons  of  coals  in  her  bunkers,  more  than 
enough  to  carry  her  out  and  back.  Her  main  poop  deck  has  an  unbroken  length  of 
360ft.,  1,000  hammocks  swing  for  the  accommodation  of  troops  below.  A  novel  feature 
in  the  'tween  decks  is  the  liberal  use  of  pine-wood  dust  each  time  the  decks  are  swept 
or  cleaned.  The  fresh  smell  from  the  wood  purifies  the  air,  it  is  said,  in  an  extraordi- 
nary degree  on  a  voyage,  and  the  dust  itself  becomes  a  valuable  absorbent.  The 
Helvetia  has  a  gross  tonnage  of  3,330  tons.  The  nominal  power  of  her  engines  is 
350-horse. 

The  New  Steamship  Line  through  the  Straits  oe  Magellan. — Messrs.  Randolph, 
Elder,  and  Co.  have  launched  from  their  yard,  near  Glasgow,  the  Magellan,  a  screw  of 
3,000  tons  builders'  measurement,  and  600  horse-power.  The  engines,  which  are  being 
fitted  by  Messrs.  Randolph,  Elder,  and  Co.,  are  constructed  upon  their  patent  compound 
principle.  The  Magellan  has  been  built  to  the  order  of  the  Pacific  Steam  Navigation 
Company,  and  is  intended  for  the  company's  direct  mail  line  between  Liverpool  and 
Valparaiso.  Messrs.  Randolph,  Elder,  and  Co.  have  on  the  stocks  three  other  steamers 
of  the  same  size  for  the  same  service.  They  are  to  be  named  respectively  the  Patagonia, 
the  Andes,  and  the  Cordilleras. 

Trial  Trip  oe  the  "  Deccan." — The  Deccan  which  is  the  most  recent  addition  to  the 
Peninsular  and  Oriental  Company.s  fleet,  underwent  an  official  trial  in  Stokes  Bay  on 
the  7th  ult.  This  fine  vessel  was  built  and  engined  by  Messrs.  William  Denny  Brothers 
of  Dumbarton ;  she  closely  approximates  in  size  and  burden  to  the  Himalaya.  Her 
principal  dimensions  are  as  follows : — Length  between  perpendiculars,  345ft. ;  breadth  of 
beam,  42ft;  depth  of  hold,  30-J-ft. ;  builders' measurement,  3,001 ;  gross  tonnage,  3,128. 
She  is  fitted  with  engines  of  600  nominal  horse-power  (indicating  2,730  during  trial),  dia- 
meter of  cylinders,  76in.,  and  length  of  stroke,  4ft.  She  has  a  four-bladed  propeller  of 
18ft.  lOin,  diameter,  with  a  pitch  of  274  to  304,  weighing  12J  tons.  Two  runs  at  the 
measured  mile  showed  the  following  results :— 1st  Run.— Steam  251b.;  vacuum  28in. ; 
revolutions,  52 ;  knots,  12,950.  2nd  Run.— Steam,  251b. ;  vacuum ,  28in. ;  revolutions,  52 ; 
knots,  14'516,  the  true  mean  speed  being  13'733  knots  per  hour.  There  was  a  light 
westerly  breeze  blowing  at  the  time,  and  the  sea  perfectly  smooth ;  barometer,  30'39. 
The  total  weight  of  coals,  water,  stores.  &c,  ou  board  was  1,256  tons  and  the  vessel's 
draught  of  water  was  18ft.  5in.  forward  and  19ft.  aft,  the  mean  draught  being  18ft.  8iin. 
The  heating  surface  of  the  boilers  is  12,504  square  feet,  firegrate  surface  420  square  feet, 
and  condensing  surface  5,864  square  feet.  On  leaving  Stokes  Bay  the  Deccan' s  head  was 
put  to  sea,  and  she  ran  round  the  Isle  of  Wight,  steaming  from  the  Warner  Light  (a 
stiff  westerly  breeze  which  was  found  to  be  blowing  outside  the  Wight  compelling  her 
to  run  several  miles  out  to  sea)  to  the  Needles  in  2hrs.  35min.  A  sister  ship  to  the 
Deccan,  to  be  named  the  Hindostan,  of  3,000  tons  and  600-horse  power,  is  building  at 
Messrs.  Day  and  Co.'s  iron  works  at  Southampton,  and  will  be  ready  for  sea  in 
August. 
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Four  steam  canoes,  constructed  at  La  Seyne,  near  Toulon,  for  the  mail  service  on  the 
Canal  of  Suez  have  been  tried,  accepted,  and  embarked  on  board  the  packet  Lelemague 
for  conveyance  to  Alexandria.  Thev  are  built  of  mahogany,  and  furnished  wuh  awning 
for  the  protection  of  passengers ;  two  of  them  belong  to  II.  de  Lesseps  company,  and 
two  to  the  Viceroy  of  Egypt. 

TELEGRAPHIC  ENGINEERING. 

A  «pa*ish  Transatlantic  Cable— The  Spanish  Consul-General  has  announced  that 
lenders  for  a  submarine  cable  between  the  islands  of  Cuba,  or  Porto  Rico,  Canaries  and 
the  coast  of  Spain  in  the  port  of  Cadiz,  or  its  neighbourhood  will  be  received  at  the 
Colonial  Office  (Ministerio  de  Ultramar)  Madrid,  prior  to  the  1st  of  March  next 

America*  Telegraphs—  A  Bill  is  now  before  the  United  States  Congress  for  trans- 
ferring the  telegraphs  of  the  country  to  the  Government.  The  telegraphic  system  in 
the  United  States  is  represented  by  more  than  60,000  miles  of  line  and  120.000  miles  of 
wire  It  equals  nearlv  the  combined  systems  of  all  the  Continental  Governments  oi 
Europe  Dunn"  the  c'urrentyear  it  is  estimated  that  it  will  transmit  13,000,000  messages, 
which  as  far  as  present  returns  show,  amount  to  nearly  double  the  number  of  messages 
transmitted  in  1S66  by  all  the  Governments  of  Europe.  The  arrangement  under  which 
the  press  of  the  United  States  is  seived  bv  the  telegraph  is  peculiar.  There  are  local  and 
general  combinations  of  the  press,  which,  separately  or  combined,  operate  under  a  co- 
operative system.  News  is  gathered  from  all  parts  to  common  centres,  whence  it  is 
distributed  to  all  sections  of  the  country.  Under  this  arrangement  the  Western  Union 
Telegraph  Company  during  186S,  delivered  to  the  press  of  the  United  States  more  than 
350  000,000  words  of  press  matter,  which,  divided  by  20,  the  unit  of  messages  would  make 
more  messages  than  were  transmitted  by  all  the  lines  of  Europe  during  the  year,  their 
compensation  being  in  the  neighbourhood  of  8,000,000,dols  and  that  of  the  American 
Company  from  the  press  being  about  800,000  dols. 

RAILWAYS. 

Ni.vetbex  per  cent,  of  the  original  cost  of  the  Belgian  State  railways  has  been 
PAnfttQ 

The  Central  Pacific  Railroad  is  now  built  to  the  Humboldt  river  two  hundred  and  fifty 
miles  east  of  Sacramento. 

The  traffic  receipts  on  the  Mont  Cenis  Company's  line  for  the  week  ending  December 
31st  last  amounted  to  9,103f.  50c.  for  passengers,  to  535f.  60c.  for  luggage,  to  10,962f. 
10c.  for  goods,  and  to  l,096f.65c.  for  sundries- total,  21,702f.  85c.  (£868).  The  total  re- 
ceipts from  the  loth  of  June  to  the  31st  of  December  last  amounted  to  535,589f. 
(£21,121). 

DOCKS,  HARBOURS,  BRIDGES. 
Tms  New  Bridge  at  Niagara.— The  new  suspension-bridge  which  spans  the  Niagara 
River  a  short  distance  below  the  cataract  has  been  completed  so  far  that  it  is  passable 
for  fool  passengers.  This  structure,  though  not  so  massive  and  capacious  as  that  built 
a  mile  and  a  half  below,  is  at  once  an  object  of  marked  interest.  The  width  and  depth 
of  the  chasm  at  this  point  rendered  the  construction  of  this  work  very  difficult,  and  makes 
it  an  object  of  attraction  as  a  scientific  achievement  in  the  art  of  engineering.  The 
dimensions  of  the  bridge  are:— The  span  from  rock  to  rock  is  1,190ft.;  the  span  between 
the  centres  of  the  towers  ia  1,263ft.  The  length  of  the  suspended  platform  is  1,240ft.; 
Height  above  the  surface  of  the  river,  190ft.  The  length  of  the  central  portion  resting 
on  cables  is  635ft.  The  length  of  the  platform  supported  by  stays  and  cables  is  605ft. 
The  deflection  of  cables  at  the  centre— in  summer,  91ft.,  and  in  winter  88ft.,  making  the 
rise  and  fall  of  the  bridge  from  changes  of  temperature,  3ft.  The  length  of  the  cables 
between  the  points  of  suspension  in  medium  temperature  is  1,286ft.  The  length  of  the 
cables  between  anchorages  is  1,828ft.  Length  of  cables  and  anchors,  1,888ft.  Height  of 
towers  above  rock  on  Canada  side,  105ft.,  and  on  American  side,  100ft.  Base  of  towers, 
28ft.  square,  and  top,  4ft.  square.  The  surface  of  the  rock  on  the  American  side  is  6ft. 
above  that  on  the  Canada  side.  The  height  of  the  roadway  above  the  rock  on  bothsides 
is  7}ft.  The  depth  of  the  anchor  pits  below  the  surface  of  the  ground  is  18ft.,  and  the 
length  of  the  anchor  chains  under  the  grouud  is  30ft.  The  anchors  are  set  in  i,olid  rock 
on  the  Canada  side,  and  in  masonry  on  the  American  side.  The  width  of  the  roadway 
between  the  parapets  is  10ft.,  depth  of  side  truss  64ft.,  and  height  of  parapet  above  floor 
44ft.  The  bridge  is  supported  by  two  cables,  composed  of  two  wire  ropes  each,  which 
contain  respectively  133  No.  9  wires.  The  weight  of  these  wire  ropes  per  lineal  foot  is 
901b.,  and  the  diameter  of  the  cable  is  7in.  The  total^weight  of  the  suspended  portion  of 
the  cables  is  32  tons  net.  There  are  48  stays,  weighing  15  tons  net.  There  are  52  guys 
connected  with  the  bridge.  The  aggregate  breaking  strain  of  the  cable  is  1,680  tons  net, 
and  that  of  the  stays  1,320  tons  net,  making  the  total  supporting  strength  of  the  cables 
and  stays  3,000  tons.  The  number  of  suspenders  used  is  430,  with  an  aggregate  strength 
of  4,800  tons.  The  weight  of  the  suspended  roadway,  including  weight  of  cables  and 
stays,  is  250  tons.  The  ordinary  working  load  is  50  tons,  and  the  maximum  load  is  100 
tons ;  permanent  and  transitory  load,  350  tons.  The  towers  when  completed  will  be 
covered  with  wood  and  corrugated  iron,  and  in  point  of  architectural  beauty  will  be  highly 
ornate,  imparting  to  each  terminus  of  the  bridge  an  air  of  elegance  and  substantiality 
and  rendering  the  whole  an  attraction  among  the  beauties  and  wonders  of  that  interest- 
ing locality.  On  the  opening  of  anothor  season,  when  the  roadway  will  be  completed,  it 
will  be  available  for  carriages. 

APPLIED  CHEMISTRY. 

A  sew  and  elegant  method  for  preparing  nitrogen  gas  had  been  made  known  by  a 
distinguished  Italian  chemist,  Signor  Massimo  Levi.  It  consists  in  heating  bichromate 
of  ammonia  in  a  retort ;  the  salt  is  thus  resolved  into  green  oxide  of  chromium,  water 
and  nitrogen  gas. 

A  Process  of  bleaching  wood  pulp  has  been  made  known  by  M.  Orioli.  He  has 
recognised  (1)  that  chloride  of  lime  however  little  is  excess,  has  a  tendency  to  produce,. 
a  yellow  tint;  (2)  that  all  the  strong  acids  turn  the  paste  red  under  the  action  of  the 
snn,  or  in  some  lime  without  sunlight,  in  the  presence  of  moisture;  (3)  that  the  slight- 
est trace  of  Iron  is  sufficient  to  blacken  the  paste  in  a  very  short  time.  These  objec- 
tionable results  are  obviated  by  the  following  mixture  :— For  100  kilogrammes  of  wood 
pulp  HOO  grammes  of  oxalic  are  employed,  this  serving  the  double  purpose  of  bleaching 
the  colouring  matter  already  oxidised  and  of  neutralising  the  nlkalinc  principles  favour- 
able to  oxidation  ;2  kilogs.  of  sulphate  of  alumina,  perfectly  free  from  iron,  arc  added. 
The  principal  agent  in  this  new  bleaching  process  is  the  oxalic  acid,  the  energetic  action 
of  which  on  vegetable  colouring  matters  is  well  known.  The  sulphate  of  alumina  added 
does  not  bleach  of  itself,  but  it  fcrms  with  the  colouring  matter  of  the  wood  a 
nearly  colourless  lake,  which  enables  the  brilliancy  of  the  product  to  be  heightened. 

MINES,  METALLURGY.  &c. 
Advices  from  Labuan  give  at  length  satisfactory  prospects  of  the  working  of  the  coal 
mines  at  that  island.  After  the  break  up  of  the  China  Steam  and  Labuan  Coal  Company 
the  property  was  bonght  for  a  small  sum  by  a  few  men  of  business  in  Scotland,  and 
placed  nnder  an  experienced  manager,  every  precaution  being  taken  for  tin  lexetUM  of 
rigid  economy.  The  result  appears  to  be  that  there  Is  already  a  steady  output  of  coal, 
and  that  attention  is  being  paid  at  Singapore  and  elsewhere  to  its  valuable  poculiimti. tt 
for  stca-.n  and  gas  purposes.  At  the  same  time  the  working  even  on  Its  present  scale  has 
been  brought  to  yield  a  surplus  aver  expenses.  The  latest  ftccranti  confirm  the  im- 
pression that  the  quantity  available  If  practically  inexhaustible. 


LATEST   PRICES   IN  THE  LONDON  METAL  MARKET. 


COPPER. 

Best  selected,  per  ton    

Tough  cake  and  tile  do '. 

Sheathing  and  sheets  do 

Bolts  do 

Bottoms  do 

Old  (exchange)  do 

Burra  Burra  do 

Wire,  per  lb 

Tubes  do 

BRASS. 

Sheets,  per  lb 

Wire  do 

Tubes  do 

Yellow  metal  sheath  do 

Sheets  do 

SPELTER. 

Foreign  on  the  spot,  per  ton    

Do.  to  arrive  

ZINC. 
In  sheets,  per  ton  

TIN. 

English  blocks,  per  ton , 

Do.  bars  (in  barrels)  do 

Do.refineddo 

Bancado 

Straits  do , 

TIN   PLATES* 

IC.  charcoal,  1st  quality,  per  box.    , 

IX.  do.  1st  quality  do 

IC.  do.  2nd  quality  do 

IX.  do.  2nd  quality  do 

IC.  Coke  do 

IX.  do.  do 

Canada  plates,  per  ton 

Do.  at  works  do 

IRON. 

Bars,  Welsh,  in  London,  per  ton    

Do.  to  arrive  do 

Nail  rods  do 

Stafford  in  London  do 

Bars  do.  do. 

Hoops  do.  do 

SheetR,  single,  do 

Pig  No.  1  in  Wales  do 

Refined  metal  do 

Bars,  common,  do 

Do.  mrch.  Tyne  or  Tees  do 

Do.  railway,  in  Wales,  do 

Do.  Swedish  in  London  do 

To  arrive  do 

Pig  No.  1  in  Clyde  do 

Do.  f.o.b.  Tyne  or  Tees  do 

Do.  No.  3  and  4  f.o.b.  do 

Railway  chairs  do 

Do.  spikes  do 

Indian  charcoal  pig  in  London  do 

STEEL. 

Swedish  in  kegs  (rolled),  per  ton 

Do.  (hammered)  do 

Do.  in  faggots  do 

English  spring  do 

Quicksilver,  per  bottle 

LEAD. 

English  pig,  common,  per  ton 

Ditto.  L.B.do 

Do.  W.B.  do 

Do.  sheet,  do 

Do.  red  lead  do 

Do.  white  do 

Do.  patent  shot  do 

Spanish    do 

*  At  the  werltg  Is.  to  Is.  8d.  per  box  leu 
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LIST  OF  APPLICATIONS  FOR  LETTERS 
PATENT. 

We  have  adopted  a  new  arrangement  of 
the  Provisional  protections  applied  for 
ey  Invfntors  at  the  Grrat  Seal  Patent 
Office.  If  any  difficult?  should  arise 
t>ith  reference  to  thb  names,  addresses, 
or  titles  given  in  the  list,  thk  requi- 
site information  will  be  furnished,  free 
of  expense,  from  the  office  ,  by  addrfs51  no 
a  letter,  prepaid,  to  thk  editor  of 
"The  Artizan." 

Dated  December  lGth,  1868. 

3856  L.  DeBeus— Miners 

3827  R-  Wappeosteiu  a 
numbers  of  passeuge 
buaes,  &c. 

3828  A.Clark— Inlavinp  ■ 
3B29  J.  Worrall  and  J.  K< 

drying-  stoves,  &c. 
3^30  T.  Aveling— Steam  cultivation 

3831  F.  Ryland— Metallic  lids  for  saucepans,  &c. 

3832  S.  C.  Lister— Steam  boilerj 
3S33  G.  Ritchie— Compositions    for    woven    fabrics 


3892  H.  \V.  Hammond— Sprinir  paul  washer 

3893  W.  E.  Gedge— Resinous  bitumen 

3894  P    G.  Jarre— Hydro-pneumatic  pump. 

3895  W.  E.  Gedtre— Cock  or  tap 

389i  J.  Breeden— Taps  or  valves  for  liquids,  gases, 
and  vapours 

389?  J.  Clayton— Working  the  valves  of  steam  and 
other  ensriues 

3S98  G.  Ritchit— Parasols,  &c. 

3899  W.  R.  Clark— Communicating  between  pas- 
sengers   and  guard    and  eoeine  driver  of  railway 


3900  H. 
dress: 


T.   Va 


and    E.    Prest — Currying    and 


d    R.  Ray— Registering  the 
i  travelling  in  or  on  omni- 


netals 


,v — Improven 


&c. 

3834  S.  C.  Lister 
grass,  &c. 


-Preparing  wool,  flax,  and  china 


Dated  Dkcmeber  22nd,  18G8. 

-Removable  collars  atd  comforters 


-Reefing  andjunreefing  the 


Dated  December  17th.  1868. 
3S35  J,  T.  Hall,  G.  Critchley,  and  H,  B.  Fox— Self- 
acting  rack  or  catch 

3836  J.  Thoruiley  and  G.  B.  Wing— Renewing 
worn-out  files 

3837  G.  Hadrieid— Varnish 

:',h3$  F.  Robert  Theurer— Watches 

3839  A,  Terry— Lighting  stained  or  coloured  win- 
dows 

3840  W.  H.  Lennox,  J.  W.  Pearmnn,  and  W.  J. 
Pearman— Surfaces  for  printing  music 

3841  W.  Manners— Irreversible  passengers'  railway 
danger  signal 

3842-G.  H.  Bmson  and  W.  G.  Valentin— Iron  and 
steel 

3S43— G.  H.Benson  and  W.  G.  Valentin— Combus- 
tible gases 

3844  T.  Inglis  and  T.  English— Improvements  in 
tubes  or  cvlinders 

3S45  F.  H.  Knevitt  aud  H.  Hazard— Shutters  and 
blinds 

3846  J.  C.  Walker— Acid  powder  for  bread,  &c. 

3847  R.  HaUiinond— Lubricator 

3848  J.  Quick  und  J.  Sampson— Pistons 

3849  J.  Pouncy— Phoiogrophtc  pictures 

Dated  December  18th,  1868. 

3850  C.  Liebermtnn  aud  C.  Graebe— Colouring 
matters 

3851  E.  T.  Hughes— Reducing  the  friction  and 
assisting  the  flotation  of  vessels  when  passing 
through  the  water 

3852  E.'T.  Hughes— Tea  and  coffee  urns 

3853  J.  W.  Brierlev -Forging  nuts 
3654  W.  F.  Thomas— Sewinsr  machines 

3855  J.  Hodgson  H.  Bottomley,  and  E.  Cockroft— 
Weaving 

3856  E.  S- Griffiths— Carrying  anchors  inboard  after 
being  weighed 

3857  T.  B.  Salter  and  J.  Silvester— Pressure  or  steam 
gauges 

3858  J.  Edridge  and  J.  Merrett— Tinning  pins,  Sec. 
38.59  S.  Remington— Shoe  or  breech  piece  for  breech 

loading  firearms 

3860  D.  Imhof— Improvements  in  chimes,  &c. 

3861  T.  Spencer— Spinning  silk,  &c. 

3862  G.  D.  Rohinson— Carnages 

3863  E.  P.  H.Vaughan— Rosin  oil 

3864  E.  Pavy  and  J.  Clark— Jute,  china  grass,  cot- 
ton, &c. 

3665  J.  .Petrie  and  W.  T.  Cbeetbam— Warming 
apartments 

3866  M.  Brown-Westhead  and  R.  Smith— Thread  or 
twine 

Dated  December  19th,  1368. 

3867  L.  E.  Lerov— A  system  of  publicity 

3868  J.  Briefly— \entilation  of  sewers  and  drains, 
&c. 

3869  M.  S.  Maynard  and  R.  Grime— Regulating 
speed  of  motive-power  eogiues 

3870  P.  Spence— Alum,  &c 

3871  J.  Jones— Drawing  off  vapours  from  baths  em- 
ployed in  coating  metals 

3872  W.  S.  Thomson— Ladies'  skirts 

3873  J.  Dickson— Windows 

3874  G.  H.  Asker— Umbrellas,  &c. 

3S75  T.  Warwick  and  A,  Boyle— Testing  stretchers 
and  ribs  of  umbrellas 

Dated  December  21st,  1S6S. 


3901  L.J.  Pai: 
combined 

3902  C*ptain  J.  Jensen 
mainsail  aud  jib  of  v 

3903  W.  Challiuer— Stamping    foiks    or    spoons  of 
steel,  &c. 

3904  J.  Palmer— S*eet  agricultural   and  horticultu- 
ral torks 

3905  G.  Tidcombe — Conducting   paper  from    paper- 
making  machinery,  &c. 

3906  J.  H.Johnson — Sheaves  or  pulleys  for  hoisting 
and  hauling  tackle 

3907  F.   N.  Gisborne — Apparatus  for    explosion  of 
torpedoes,  &c. 

3908  S.  Smart— Steam  and  other  boilers  ' 

3909  F     N,    GiBborne — Apparatus    for    generating 
gas.  Sec. 

3910  J.  Snape— Pumps 

3911  D.  S.  Price— Iron  and  steel 

3912  A.  Sezille— Improvements  in  treating  corn  for 
panification 

3913  W.  Clay— Forcings 

3914  J.  G.  Jennings— Treating  sewage 

3915  B.JNorton — Improvements    in  tipping  pile  fa- 
brics 


3975  J.  Gedge-Gas  fittings 

Dated  Dkcember  31st.  1868. 

3976  H.  A.  Bonneville— Drving  malt 

3977  C.  de  Bergue—  Railway  tramways 

3978  W.  E.  Gedge— Novel  sweetmeat 

3979  W,  R.  Lake— Spinning  machines 
3960  W.  R.  Lake— Untwisting  bair  ropes 

39SI   F.  A.  K.  W.  Von  Oppen— Breech  loading 
arms 

3982  A.  Barclay— Air  pumps 

3983  B.  Samuelson— Iron  aud  steel 

3984  D.  Spill— Xyloidine 

3985  G.  M.  Weils— Wrenches' 

3986  H.  E.  Newton— Washing:  machines 

3987  W.   E.  Newton— Firearms,  &c. 
39S8  R.  Griffiths— Propelling  vessels 

3989  T.  Gibson— Railway  buffers 

3990  J.  Seel  ig— Ventilation  of  hats 

3991  C.  Shales— Tatting  shuttles 


— Cutting  and  working  rocks,  &c. 
-Lubricating  the  bearings  of  shaft 


v— Ex 


fractional    electri- 


'  and 


3876  W.  R.  Lak 

3877  T.  R  Shav- 
ing, journals,  ace 

3878  W.    F.    Stau! 
city. 

3879  R.  Wilson— Cutting  metals,  &c. 

3880  J.  E.  Massev— Taking  soundings 

3681  H    G.  Thompson— CaTpets,  &c. 

3682  W   Lrwis— Ploughs  for  tilling  land 
3883  I.  Baggs— lion 
3684  J.  S.  Walkei  —  Undermining,  "  liolein; 

cutting  coal,  &c, 

3585  L.  A.  W.  Lund  and  E,  Axmsnu— Brooches, 
buttons,  &c. 

3586  E.  A    Cowpfir— Velocipedes 
3987  R.  Whitaker— Fastening  or  locks 
3888  W.  Pidoing— Locomotion. 

36S9  J.  Wimii.sou-Suddle  cloths,  &.C. 

389(1  T.  li.  Hubbell—  Bandage  to  he  used  fcy  fe- 
males 

3891  J.  H.  Johnson— Sharpening  and  setting  saws, 
&c. 


3916  W.  E.  Gedge— Floating  docks 

Dated  December  23rd,  1868. 

3917  B.  W.  Mauehau—  Heating>ater 

3918  E.  M    Thornton— Footstools,  fcc. 

3919  G.  W.  Wolmersbausea—  Obtaining  the  form 
the  human  figure. 

3920  W.  G.i  Reeve— Inkstands 

3921  G    Hookhnm— Sash  lines.  &c. 

3922  G.  Lowry — Ferrules  for  casks 

3923  H.G    Thompson— Figured  terry 

3924  J     H.  Johnson— Plates  for  artificial  teeth". 

3925  W.  E.Gedge— Bell-sounding  apparatus 

3926  F.  P.  Warren— Cooking  apparatus 

3927  J.  W.  Wilson— Hydraulic  lifts 

3928  A.  V.  Newton— Treating  cod  liver  oil; 

3929  A.  M.  Clark— Gas  burners^ 

Dated  December  24th,  1868. 

3930  W.  H.Walenu— Electric  deposition;  of  copper 
and  braes 

3931  T.  Warren— Glass  furnaces  | 

3932  J.  H.  Johnson- Transmission    of    telegraphic 
despatches 

3933  W.  R.  Lake— Carnage  boat 

3934  C.  D.  Abel— Rolling  mills 

3935  H,    Robinson    and    J.    Smith— Dressing   mill- 
stones 

3936  R.  Boby-  Floors  for  malt  kilns,  &c. 

3937  H.  C.  M.Turnbull— Working  fans  I 

3938  H.  Clifford— Submarine  telegraph  cables      _ 

3939  W.    H.  Ridgway   aud  F.    W.  Walker— Orna- 
mental bricks,  &c. 

3940  A.  C.  Pilliher  and  J.  C.  Hill— Obtaiuing    mo- 
tive power 

3941  G.  T.  Bousfield— Steam  valves 

3942  W.  Ehrhardt— Watches 

3943  H.  Hillebraut— Repeating  firearms 

Dated  Drcember  26th,  1868. 

3944  C.  E.  Brooman — Portable  lamp* 

3945  E.  Butterworth— Furnaces 

3946  C.  Gordon— Breech  loading  firearms 

3947  G.  Eldridge  and  1.  Smith— Closing  casks 

3948  J.  P.  Mills— Rest  pins    for  pianofortes,  harps, 
&e. 

3949  A.  S.  Haring  ton— Tobacco  pouch  „ 

3950  W.  R.  Lake— Pegging  boots 

3951  H.  Yoruth— Elevating  corn,  &c. 

Dated  December  29th  1868. 

3952  C.  D.  Abel— Metal  pipes 

3953  J.  A.  A.  Landa— Engraving  letters  on  stone  OJ 
metal 

3954  A.  Browne— Illuminating  gas 

3955  1.  Pick— Travelling  bags 

3956  F.  A.  V.  Michel— Printing  sulfaces 

3957  J.  tiillman— Contracting  lever  scale 

3958  F.  N.  Gisborne— Giving  motiou  to  sewing  ma- 
chines 

3959  G.  T.  Bousfield— Extracting  mattei  of  madder 
root 

3960  G.  Slater— Plaiting  strips  of  cloth,  &c. 

3961  J.  Marsh— Cupping  bottles 

3962  R.  Hughes  and  T.  Hughes— Improvements    in 
velocipedes 

Dated  Dkcbmber  30th,  1S68 

3363  J.  Laurie    and   J.    Whittuker- Screwing    and 

W.  Fox,  J.  Reffit,   and   G.   Grange— 


tappiuf 

3964  S.  i 
Shaping  wood 

3965  A.  G.  Cazalut— St 

3966  J.    Hutchesoi 
elevator 

3967  T.  F.  Henley 

3968  J.  H.  Johnson— Pap' 
wool 

3969  W.  Winter— Sewing, 

3970  C.    Monestier     and     1.     Bang— Impermeable 
paper 

3P71    G.  Davies— Separating  ores 

3972  P.    Gornall  and    R.  Gornall— Long  collars  of 
roving  frames 

3973  H.  H.  Bigg— Artificial  legs 

3974  K.  T.  Nouallner— Supplying  nud    ixhausiiug 


and    A.    Hutcheson— Improved 

-Lac  dye 

sr  tubes  for  the  spinning  of 

■  machines 


Dated  Janujry  1st,  1869. 

1  J.  Heap— System  of  geering 

2  T.  Smirleton— Preparation  of  yaru 

3  S.  Lyons— Designs  on  textile  fabrics 

4  W.  M.  Williams— Lining- puddling  furnaces 

5  G.  SmHh— Clipping  borses,  Sec. 

6  T.  Green— Steam  boilers 

7  T.  Green— Bushing  bung  holes 

8  B.  G.  George— Show  cards,  &c. 

9  F.  Perry— Preserving  animal  and  vegetable  sub- 
stances 

10  M.  Henry — Combing  fibrous  materials 

Dated  January  2nd,  1B69. 

11  J.  H.  Johnson— Velocipedes 

12  S.  Smithsoo,  G.  Senior,  and  J.  Inman— Taps  and 
valves 

13  A.  Batchelar— Burning  bricks,  &c. 

14  W.  G    Rawbone— Firearms 

15  A.  Carter  and  R.  E.  Grubb—  Candlesticks 

16  J.  G.  Tongue— Stitching  voLumes 

Dated  January  4th.,  1869. 

17  M.  Wolfsky — Fastenings  for  purses 

18  H.  A.  Bonneville— Reusing  iron 

19  W.  A  Biddell  aud  J.  Redgrave— Lamps 

20  S.  J.  Peet— Valves 

21  J.  McKenny — Horses'  shoes 

22  J.    Major,    H.   Trigg,  and    W.   Wright— White 
lead 

Dated  January  5th,  1869. 

23  H.  A .  Bonneville— Coating  with  geld,  &c. 

24  L.  H;.unart— Printers'  type 

25  S.  Bateman — Paddle  wheels 

26  W.  Prosser—  Purification  of  oils 

27  E.  W.  Voce  and  J.  Voce— Rotary  laes 

28  E.  Fox — Iron  and  steel 

29  J.  J.  Havs— Drying  peat 

30  J.  Balhifnie— luhaliug  vapours 

31  J.  H.  Johuson— Sewing  machines 

32  A.  Mason— Distillation  of  oils 

33  G.  Smith— Consumption  of  smoke 

34  D.  Nicoll— Clothing 

35  W.  Dawes— Stertm  eugine3 

36  S.  Remington— Firearms 

37  A.  W.  C.  Williams— Lawn  mowers 

38  J.  Stevens— Plaiting  liuea 

Dated  January  6th,  1869 

39  H.  L  Vallee,  H.  A.  Dourlet,  and  A.  W.  H.  Ar- 
mand—  Artificial  flowers 

40  J.  S.  Gisborne— Mechanical  telegraphs 

41  E.  Robbins— Tubular  casts,  &c. 

42  K.  Walter— Sulphuric  acid 

43  A.  Tyler— Cossacks 

44  W.  Pidding— Treating  plants,  &c. 

Dathd  January  7th,  1869. 

45  G.  Eveleigh— Gas 

46  J.  Mansergh-  Stench  traps 

47  J.  F.  Cooke— Cooying  ink 
46  H.  Davey-Raising  water 

49  F.  N.  Gisborne— Giving  motion  to  sewing  ma- 
chines 

50  F.  R.  A.  Glover— Weighinganebors 

51  J.  H.  Johusou— Concentrated  food  cakes 

52  W.  Webster— Treatiug  jute,  &c. 

53  J.  J.  Bodmer— lion  and  stret 

54  H.  G-  Fairburn— Compressing  coal,  &c. 

oo  C.  Kendall— Communication  between  guard  and 
passengers 

Dated  January  8th,  1869. 

56  J.  Mangnall— Prepariug  coffee 

57  W.  Tatham— Prepariug  cotton 

58  T  P.  Lucas  and  G.  H.  J .  Hoit— Exhibiting  cartes 
de  visite 

59  J.  Daglish— Lubricating  the  axles  of  coal  tubs, 
&c. 

60  R.  Wieram— Horse  ploughs 

61  A.  B.  Browu— Raising  weights,  &c. 

62  W.  T.  Waite— Treatment    of    saccharine   mat- 
ters 

63  T.  B.  Sydserff— Ballot  voting  apparatus 

64  J.  Rodgers— Saw  hardening  furnace 

65  M.  Wilkin  and  J.  Clark— Railway  breaks 

66  J.  Henderson— Iron  aud  steel 

-   Dated  January  9th,  1369. 

67  W.  E.  Gedge— Improved    boxes    tor   preserving 
proyisious 

6S  R.  Leirg— Application  of  steam 

69  F.  S.  Thomas— Railway  carriages 

70  M.  Saunders  aud  H.  Porrest— Refrigerators 

71  E.  Gray— Plough  coulters 

72  T.  Moore— Rotary  engines 

Dated  January  11th,  1869. 

73  A.  Baumann— Travelling  cranes 

74  J,  Holding— Temples  for  looms 

75  F.  N.Giaborue  and  H.Allman— Signals  on  rail- 
way trains 

76  J.'Kuowles— Weaving  terry 


77  J.  Jordan  and  J.  Jordan — Propelling  vessel b 

78  T.  A     Warringtou— Clips  for  wiodow  blind  sand 
rollers 

79  J.  B.  Palmer — Sight  protectors  for  firearms 

80  J.  Petrie,  jun—  Washing  wool 
bi;W.  H.  Pennine— Signalling 

82  C.  W.  Spon;; — Railway  carriages 

83  J    H.  Johnson — Boxes  from  paper  palp 

84  F.  C    Matthews— Treating  Indian  corn 

85  C.Newsome — Milk  cans 

Dated  January  12th,  1869. 

86  C.  McDougall   and   C.   H.   Eden— Ladies'   um- 
brella. &c. 
S7   VV.  E.  Gedge— Power  looms} 

88  A.  Henry— Firearms 

89  A.  P.  Price— Production  of  colouts'from    naph- 
thaline 

90  B.  Hunt— Water  meters 

91  Sir  F.  Syl-es— Defending  ships." 

92  A.  V   Newton — Knitting  machinery 

93  D    L.  Coates,  Q.  Donlop,  and  W;  Orr—  Coup- 
lings and  wheels  for  Bhafting 

94  C.  E.  Brooman— Velocipedes 
9o  G.  V.  OsbomeJ  and  A.    J.  Peerless — Improved 

ball  valve 


Dated  Januarp  13th,  1869. 

96  H.Aitken — Lampp 

97  S.  Jeilymann — Reaping  machines 

98  C.  J.  Guuther — Preserving  meat 

99  P.  M.  B<irnett— Securing  wooden  keysin  railway 
chairs 

100  J.  Steel— Substitute  for  waterclosets 

101  L.  Sterne,  J.  A.  Jaques,  and  J.  A.  Fanshawe — 
Elastic  rubbers 

102  J.Parker — Propelling  vessels 

103  L.  Hanuart— Mould  for  wheels  requiriog  to  bavfe 
letters 

104  J.  Schlosser — Metallic    packing  for  Btesm   en- 
gines, &c. 

105  W.  R.  Lake— Uniting  enda  of  tubes 

106  C.  P.  Coles — Protecting  bottoms  ot  ships 

Datbd  January  14th,  1869. 

107  G.  D.    Kittoe  and  P.  Brotherhood— Improved 
valves 

108  W.  McDonnell- Churns 

109  R.  Watson  and  B.  Dangerfield— Improvements 
in  chronographs 

110  J.  R.  Hodgson — Life  buoysi  &c. 

111  T.  Mortlock — Dressing  millstones 

112  E.  P.  North — Improved  pocket  railway  reading 
lamps 

113  H .  Vavasseur  and  C.M.Wade^—  Permanent  way 
of  railways 

114  A.  V.  Newton— Reaping 

115  W,  E.  Newton— Improved  regulator  for  steam 
pumps 

116  J.  H .  Kitson  and  J.  Kirby—  Moveable  grates  for 
steam  boiler  furnaces 

117  T.  Co"K  and  J.  Watson— Improvements  for  ex  * 
pies.-  ing  oils 

118  A.  M.  Clark— Firearms 

119  T.  Birkett— Firearms 

Dated  January  15th,  18:9. 

120  H.  L.  Harris — Packing  cases 

121  C.  H.  Lea— Opening  and  locking  railway  level 
crossing  gates 

122  J.  Steel— Washing  casks 

123  A.  de  P.  Chance— Step  ladders 

124  J-  T.   Smith — Converting  vessels  used   in    the 
manufacture  of  iron 

125  H  .  Fowkes— Cleaniug  gun  barrels 

126  D.  P.  Wright —  Improved  furniture  for  window 
blinds 

127  W-  Tijou  and  W.  Whieldon— Facilitating  the 
getting  of  coal,  &c. 

128  A.  Sehet — Improvements  in  breech  loading  fire- 
arms 

129  W.  H.  Brookes— Fastener  for  doors 

130  P.  Speuce — Sulphate  of  potash 

131  T.   Howcroft   aud  A.  McGregor— Reaping  aud 
mowing  machines 

132  E.  Craddock—  Punching  metals 

133  M.  Boyce— Scoring  at  whist,  &c. 

134  A.  H.  A.  Durant—  Oil  trwm  seeds 

Dated  January  16th,  1869. 

135  T.  A.  Warrington— Spoons 

136  J.  T.  Bintley— Joining  the  ends  of  rails 

137  S.  Russell— Velocipeaes 

138  R.  Craig— Paper 

139  J.  Jeavous  and  W.  Waplinton— Iron  and  steel 

140  J.<x.  Johnson— Self-acting  signaling  apparatus 

141  J.  H.  Johnson— Casks 

142  H.  A.  Silver — Cooking  apparatus 

143  J.  Bourne — Propelling  vessels 

144  J.  Loader  and   W.  H.  Child— Improved    steam 
boileis 

145  W.  Bottomley  and  S.  Bottomley— Couplings  of 
rollers  for  cotton,  &c. 

146  W.  Thomas— Boots  and  shoes 

147  J.  B.  Whitehall— Improved|apparatus  forleoped 
fabrics 

148  F.  Brady— Sulphate  of  ammonia 

149  L.  B.  Phillips— Metal    fac-similes  of  worksot 
art 

150  W.  R  Lake— Figurad  shawls 

151  M.  Henry— Moulding  metal  articles 

Dated  January  18th,  1869. 

152  W.  ridding— Cut  piled  mosaic  fabrics 
)53  W.  H.  Piatt— Looms 

i54  X.  Voice — Apparatus  for  closets, etc. 
,55  C.  Catlow — Looms 

lb6  J.  D.  Thomas— Artificial  bust  .1" 

}o7  P.  Oldrield— Combing  wool 
.58  R.  H.  Clarke— Silk  cloths 

{59  G.  R.  Postletbwaite— Screw  nuta,  etc.  -  a,( 

*60  J.  W.  Price— Horse-shoe  nails 
\&l   XV,  R.  Lake— Fiopelliug  canal  boats 
t62  G.  Brown— Gas  meterB 
{63  J.  H.  Johnson— Burning  bricks 
:64  A.  M.  Clark— Refining  sugar 
}65   H.  H.and  J.  Puruall— Scales 
66  W.  T.  Eley— Cartridge  cases 
1 
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REIGERS'  IMPROVED  GOVERNOR. 
{Illustrated  ly  Plate  342). 
It  is  astonishing  to  find  what  a  difficulty  there  seems  to  be  in  obtaining  a 
really  good  governor  for  a  steam  engine.  In  the  former  construction  of  beam 
engines  with  a  long  stroke  and  a  very  moderate  speed  of  piston,  the  old  style 
of  governor  was  sufficiently  effective  for  nearly  all  practical  purposes.  In 
fact,  since  Watt  applied  this  governor  for  reguluting  the  engines  of  the 
Albion  Mills  more  than  eighty  years  ago,  it  was,  we  may  say,  universally 
adopted  until  quite  lately,  and  even  now  is  by  far  the  most  common  form  of 
governor.  Not  but  what  many  different  kinds  of  governors  have  from  time 
to  time  been  proposed,  as  the  curious  examples  given  in  the  first  edition  of 
Tredgold,  publishod  some  forty  years  ago,  bear  witness,  but  not  one  of 
them  or  of  the  many  others  invented,  has  been  able  to  compete  with  that 
designed  by  Watt,  both  in  practical  efficiency  and  in  mechanical  simplicity. 
As,  however,  the  pressure  of  steam,  and  the  speed  of  the  piston,  gradually 
increased,  and  the  advantage  of  expansion  became  more  generally  under- 
stood, the  inherent  defects  of  this  description  of  governor  became  more 
apparent ;  while  at  the  same  time  the  greater  delicacy  of  the  machinery 
to  be  driven  as  in  spinning  mills,  or  the  extreme  variation  in  the  power 
required  to  bo  exerted  as  in  saw  mills,  made  those  defects  still  more  visible. 
To  meet  these  exigencies,  Mr.  Siemens  designed  his  ingonious  chronometric 
governor  which,  as  its  name  implies,  is  furnished  with  an  independent 
.  movement,  having  a  weight  and  pendulum.  The  clock  movomont 
causes  a  bevel  wheel  to  revolve  at  a  uniform  speed,  and  another  bevel  wheel 
with  the  same  number  of  teeth  and  situated  on  the  same  axis,  U  carried 
round  by  the  engine  in  an  opposite  direction.  A  bevol  pinion  at  the  end 
of  a  crank  arm  gears  with  both  wheels,  similar  to  a  differential  motion,  and 
to  this  crank  a  rod  communicating  with  the  throttle  valve  is  attached. 
When  both  tho  bevel  wheels  are  moving  at  tho  same  speed  the  pinion  remains 
stationary,  but  if  one  wheel  travols  faster  than  the  other  tho  crank  to 
which  tho  pinion  is  attached,  will  bo  carriod  round  upon  its  axis  and  will 
thereby  move  the  throttle  valvo.  This  governor  regulatos  the  spood  of  an 
engine  remarkably  well,  being  exceedingly  dolicate  and  very  quick  in  its 
i.  A  variation  during  only  a  portion  of  a  revolution  being  sufficient 
to  bring  it  into  action.  Like  many  other  boautiful  inventions,  however,  it 
is  Tery  oxpensive,  and  consequently  is  not  very  genorally  used,  bosidoa 
which  it  is  only  suited  to  large  engines. 

Another  form   of  governor  which,  though   not  so  porfoct  in  its  action  as 

just  described,  hu  come  into  considerable  favour  during  tho  last  fow 

Dnsequence  of  Its  simplicity.     It  is,  we  believo,  of  American  origin, 

and  maj   be   considered  as  a  modification  of  tho  Watt  govornor.     Tho 

ii. .i-  hulls   are  considerably  smaller,  but  rovolvo  at  a  high  velocity,  and 

egulated  by  a  weigh!  whieh  slidos  on  tho  spindlo.    Tho  usual  wi 

at   which   the   balls  revolve   is  so  groat — from  300  to  400  revolutions  por 

minute    thai  a  central  weight  of  one  or  two  hundred  pounds  is  required 

rimM  the  Centrifugal  force  of  balls  weighing  "nly  two  or  throe  pounds. 

■  nor,  of  oeune,  l>  open  to  the  tame  objection  in  principle  as  the 

ordinary   Watt  governor,  viz.,  that  it  can  only  rogulato  the  ongino  for  a 
variation  ,,f  load   by  maintaining  a  corresponding  change  of  velocity  in  the 


engine ;  but  as  the  number  of  revolutions  of  the  governor  greatly  exceed 
those  of  the  engine,  so  any  variation  of  speed  in  the  engine  is  magnified  by 
the  governor.  The  action  is  thus  rendered  so  much  more  sensitive  and 
extended  than  in  the  ordinary  governor,  that  these  objections  are  very  much 
reduced,  and  are  said  to  be  almost  imperceptible. 

A  new  form  of  governor  has  lately  been  invented  by  Mr.  Reigers,  and  is 
illustrated  in  Plate  342,  Fig.  1  being  a  plan,  Fig.  2  a  sectional  elevation,  and 
Fig.  3  a  side  elevation.  This  arrangement  is  very  different  from  the  usual 
description,  and  is  based  vipon  the  following  principle : — Suppose  an  axis 
is  put  in  rotation  by  a  pair  of  wheels,  the  power  which  causes  the  rotation 
acts  in  two  directions ;  first,  it  turns  the  axis,  and  secondly,  it  tends  to 
move  the  axis  in  the  direction  of  rotation.  Upon  referring  to  the  Plate 
(.342),  it  will  be  seen  that  the  whole  mechanism  is  mounted  upon  a  column 
which  carrios  a  plato  supporting  two  small  bearings.  To  one  side  of  the 
column  is  fitted  a  bracket  carrying  another  plato,  which  also  supports  two 
bearings.  These  bearings  have  all  a  common  centre  line,  the  two  outer 
bearings  carrying  the  revolving  spindle,  A,  upon  which  is  keyed  the  spur 
wheel,  and  the  two  inner  bearings  supporting  the  horizontal  lever,  B,  which 
carrios  the  pinion.  The  lever  B  is  provided  with  weights  at  each  end,  which 
may  bo  adjusted  to  any  distance  from  tho  fulcrum,  by  means  of  tho  scrows 
cut  on  each  end.  The  governor  is  driven  in  the  usual  manner  by  a  strap 
running  over  a  pulley  on  the  crank  shaft,  and  also  over  a  pulley  on  the 
spindlo  (A)  of  tho  spur  wheel.  Upon  first  starting,  as  the  spur  wheel  is 
moved,  the  vane  or  flior  fitted  on  the  samo  spindle  as  the  pinion,  is  caused  to 
revolve  with  great  rapidity,  when,  owing  to  the  resistance  of  the  air  a 
cortain  prossuro  is  imparted  to  the  tho  teeth  of  tho  pinion  in  the  direction 
of  the  arrow  (Fig.  3),  and  tending  to  raise  that  ond  of  the  lover.  To 
regulate  the  motion  of  this  levor  (B)  a  float,  C,  is  attachod  to  it  at  the 
other  side  of  the  fulcrum.  This  float  is  partially  immersed  in  water,  and 
has  a  small  air  cock  fittod  on  tho  top  so  that  air  can  bo  oithor  blown  out  or 
suckod  in  according  to  tho  varying  height  of  the  float  in  tho  water.  This 
float  provents  too  great  sensibility  of  tho  govornor.  The  counter  weights 
upon  each  ond  of  tho  lever  are  then  regulatod  by  hand  until  tho  lovor 
stands  horizontally,  when  the  engine  is  running  at  its  normal  speed.  The 
fulcrum  of  tho  lovor  B  rests  in  bearings,  and  is  hollow  to  allow  tho  spindle 
(A)  of  the  spur  whool  so  revolve  independently,  as  shown  in  Fig.  2,  and  in 
tho  annoxod  woodcut,  which  represents  a  horizontal  sectional  plan  of  the 


levoj-.    in  order  to  actuate  the  throttle  valve,  one  side  of   the  leva 
ertioal  arm,  l>,  upon  it.    This  arm  Is  conn 
d  way  with  tho  throttle  valve,  the  amount  of  throw  being  capable 
of   variation  by  moans  of  a  .-!  I  ]        .2  and  '■'■■ 

Tho  groat  novelty  of  this  invention  seems  to  be  in  thi  Boat, 

Itb  the  greatest  nicety,  the  motion  of  the  on 
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It  has  been  in  use  for  some  time  in  Holland,  whence  a  correspondent 
forwards  the  following  account  of  some  experiments  that  were  made  to  test 
its  efficiency  upon  an  8  horse-power  engine  : — 


No. 

Expan- 
sion. 

Condens- 
tion. 

1 

3 
4 

with 

2 

i 

2 

33 

3 

a 

2 

without 

4 

1_ 

33 

5 

2" 

33 

6 

1 
2 

„ 

7 

none. 

„ 

8 

53 

jj 

Amount  of  Load. 


3  lathes,  1  planing  machine,  1  grindstone, 
1  C3'l.  blower    

Same  as  above 

1  boring  machine,  1  screw-cutting  do.,    in 
addition     

Only  the  blower,  without  any  pressure  

Same  as  No.  3 

No.  4 

„        No.3 

»        No.4 


Eevolu- 
tions. 


45 
45 

45 
45 
45 
45 
45 
45 


These  experiments  show  that  whatever  the  variations  in  the  conditions 
under  which  the  engine  was  placod,  there  was  absolutely  no  variation  in 
the    speed — a  remarkably  favottrable   result,   and   one   which  we   would 


H.M.S.  "HERCULES." 

Abouc  ten  years  ago  the  committee  on  steam-ship  performance  appointed 
by  the  British  Association,  recommended  for  the  purpose  of  more  correctly 
ascertaining  the  true  merits  of  steam  vessels,  that  they  should  be  tried  for 
a  uniform  .  distance  at  sea,  instead  of,  or  in  addition  to  the  usual  run  over 
the  measured  mile.  They  remarked  that  "  the  return  of  particulars  of 
performances  at  sea  will  afford  the  means  of  making  such  comparisons  with 
smooth  water  performances,  as  cannot  fail  to  throw  light  upon  qualities  of 
vessels,  which  as  yet  are  a  matter  of  speculation  only."  The  Government 
authorities  were,  however,  slow  to  perceive  the  advantages  of  an  ocean 
trial,  and  the  committee  repeated  their  conviction,  "  That  it  would  tend  to 
the  advancement  of  science,  the  improvement  of  both  vessels  and  engines, 
and  to  the  advantage  of  Her  Majesty's  service,  if  the  trials  of  the  Queen's 
ships  were  conducted  on  a  more  comprehensive  plan,  directed  to  definite 
objects  of  practical  utility,  on  a  scientific  basis,  recorded  in  a  uniform 
manner."  This  recommendation  has  lately  been  partially  followed,  by  the 
adoption  the  six  hours'  trial,  though  it  is  evident  that  the  time  is  very 
much  too  short  for  anything  like  a  thorough  test. 

In  the  six  hours'  trial  of  the  Hercules,  which  took  place  on  the  5th 
ult.,  nothing  was  omitted  that  could  possibly  depreciate  its  value,  either  for 
comparison  with  the  similar  trials  of  other  ships,  or  as  a  test  of  the  merits 
of  the  vessel  itself.  Thus,  instead  of  running  over  the  somewhat  tortuous 
course  taken  by  the  Warrior,  Minotaur,  and  Bellerophon,  where  these 
ships  had  to  encounter  the  set  of  the  tide  in  almost  every  direction,  the 
Hercules  was  steamed  out  into  a  position  south  of  the  Nab,  and  clear  of 
the  local  tides,  before  starting  on  her  trial.  From  here  she  had  a  straight 
run  south  of  the  Isle  of  Wight  to  Portland  Bill,  assisted  by  tho  whole 
strength  of  the  tide  running  down  Channel.  After  this  manoeuvre  it  might 
be  expected  that  the  ship  would  have  been  put  through  the  trial  in  the 
usual  manner,  but  it  seems  the  "  authorities  "  were  not  yet  satisfied,  the 
instructions  on  the  present  occasion  being  to  "measure  the  distance  run 
by  the  revolutions  of  the  engine,  taking  the  mean  number  of  revolutions 
made  in  the  six  runs  over  the  measured  mile  on  the  ship's  speed  trials 
there  on  the  4th  Jan.,  as  a  divisor — to  ignore  tide  in  calculation  of  distance, 
and  to  take  account  of  coal  burnt."  What  a  brilliant|idea  that  was,  to  take 
for  granted  that  the  vessel  would  be  propelled  for  the  same  number  of 
revolutions  an  equal  distance  at  sea  as  in  still  water  !  The  simplicity  of 
it  is  delightful ;  no  more  patent  logs  will  be  required,  and  captains  will  in 
future  only  have  to  look  at  the  engine  counter  to  know  where  they  are. 


The  average  speed  of  the  Hercules  was  by  these  means  calculated  at 
13-345  knots,  but  it  is  evident  that  this  trial  was  perfectly  useless,  so  far  as 
regards  the  performance  of  the  vessel,  and  only  of  value  in  estimating  the 
merits  of  tho  engines.  These,  though  not  exerting  the  enormous  power 
given  out  by  them  on  the  first  trial,  still  proved  themselves  the  most 
powerful  engines  ever  made,  the  average  indicated  horse-power  being 
7184-7.  The  consumption  of  coal  was  exceedingly  low,  averaging  2-531bs. 
per  horse-power  per  hour.  The  following  are  some  of  the  particulars  of 
the  trial : — 

Outward  Three  Hours'  Steaming. 

End  of  first  half -hour. —  Steam  pressure  in  engine-room,  241b. :  vacuum 
forward,  28-5in. ;  aft,  27in.  Revolutions  of  engines,  half-hour,  1968  ;  rate 
per  minute,  65-6  ;  total  made,  1968.  Distance  run  by  the  ship,  by  engines' 
revolutions,  6'513.     Indicated  horse-power,  753049. 

Second  half-hour. — -Steaui  pressure  in  engine-room,  241b. ;  vacuum — 
forward,  28-6in. ;  aft,  27in.  Revolutions  of  engines — half-hour,  1961 ; 
total  made,  3929 ;  rate  per  minute,  65-36.  Distance  run  by  the  ship,  by 
engines'  revolutions,  13-009  knots.     Indicated  horse-power,  7113-17. 

Third  half -hour. — Steam  pressure  in  engine-room,  221b. ;  vacuum — 
forward,  28'5in. ;  aft,  27-5.  Revolution  of  engines,  half-hour,  2106 ;  total 
made,  6035  ;  rate  per  minute,  70 '2.  Distance  run  by  the  ship,  by  engines' 
revolutions,  19-979.     Indicated  horse-power,  7577-12. 

Fourth  half-hour. — Steam  pressure  in  engine-room,  23'51b. ;  vacuum — 
forward,  27-5in.  ;  aft,  28in.  Revolutions  of  engines,  half-hour,  2038 ;  total 
made,  8073  ;  rate  per  minute,  67'93.  Distance  run  by  the  ship  by  engines' 
revolutions,  26-74  knots.     Indicated  horse-power,  7352-35. 

Fifth  half-hour.— Steam  pressure  in  engine-room,  221b. ;  vacuum — 
forward,  27in. ;  aft,  28in.  Revolutions  of  engines,  half-hour,  2023  ;  total 
made,  10,096;  rate  per  minute,  67-43.  Distance  run  by  the  ship,  by 
engines'  revolutions,  33-433.     Indicated  horse-power,  6966-5. 

Sixth  half -hour.— Steam  pressure  in  engine-room,  241b. ;  vacuum — 
forward,  28in. ;  aft,  27in.  Revolutions  of  engines,  half-hour,  1978 ;  total 
made,  12,074 ;  rate  per  minute,  65-93.  Distance  run  by  the  ship,  by 
engines'  revolutions,  39-980  knots.     Indicated  horse-power,  7283-33. 

Homeward  Three  Hours'  Steaming. 

Seventh  half-hour  of  steaming. — Steam-pressure  in  engine-room,  211b.  ; 
vacuum  forward,  28-5in.  ;  aft,  27-5in.  Revolutions  of  engines,  half-hour, 
2006;  total  made,  14,140;  rate  per  minute,  68-86.  Distance  run  by  the 
ship,  by  engine's  revolutions,  46-833.     Indicated  horse-power,  7247-70. 

Eighth  half-hour. — Steam  pressure  in  engine-room,  211b. ;  vacuum — 
forward,  28-5in. ;  aft,  27-5in.  Revolutions  of  engines,  half-hour,  1956 ; 
total  made,  16-096 ;  rate  per  minute,  65-2.  Distance  run  by  ship,  by 
engines'  revolutions,  53-29  knots.    Indicated  horse-power,  6881-91. 

Ninth  half -hour. — Steam-pressure  in  engine-room,  21-51b. ;  vacuum — 
forward,  28-5in. ;  aft,  27in.  Revolutions  of  engines,  half-hour,  2098  ;  total 
made,  18,194;  rate  per  minute,  69-93.  Distance  run  by  ship,  by  engines' 
revolutions,  60-24  knots. 

Tenth  half-hour. — Steam  pressure  in  engine-room,  231b. ;  vacuum — 
forward,  28-5in. ;  aft,  26-5in.  Revolutions  of  engines,  half-hour,  1946  ; 
total  made,  20,140;  rate  per  minute,  64-86.  Distance  run  by  ship,  by 
engines  revolutions,  68-873  knots. 

Eleventh  half-hour. — Steam  pressure  in  engine-room,  22-51b. ;  vacuum — 
forward,  28-5in. ;  aft,  27in.  Revolutions  of  engines,  half -hour,  2092  ;  total 
made,  22,232  ;  rate  per  minuie,  69-73.  Distance  run  by  ship,  by  engines 
revolutions,  75-793  knots. 

Twelfth  and  last  half -hour. —  Steam  pressure  in  engine-rooms,  241b.; 
vacuum— forward,  28-5in. ;  aft,  26-5in.  Revolutions  of  engines,  half-hour 
1956 ;  total  made,  24-188.  Distance  run  by  ship,  by  engines'  revolutions, 
82-263  knots. 

Deducting  2-193  knots  from  the  total  distance  run,  to  meet  an  error  in 
calculation,  the  exact  distance  run  by  the  ship  in  the  six  hours  was 
80-070  knots.  It  must  be  remembered,  however,  that  in  measuring  the 
distance  gone  by  the  ship  in  the  six  hours'  steaming  it  has  been  assumed 
that  the  conditions  must  be  the  same  as  they  were  at  the  measured  mile, 
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which  they  were  not ;  and  that  no  allowance  has  been  made  for  the  slip  of 
the  screw  or  for  tide.  The  conditions  of  wind  and  sea  disturbance  can, 
indeed,  never  be  met  with  sufficiently  alike  in  a  landlocked  position  such 
as  the  moasured  mile  course  in  Stokes  Bay,  and  a  course  between  two 
headlands  out  in  the  Channel  to  furnish  a  true  measure  in  the  latter  case 
of  a  ship's  speed  by  the  revolutions  of  her  engines  and  screw. 


ON  SUGAR. 
By  Mb.  W.  Eathobxe  Gill. 

The  difficulties  which  are  encountered  in  the  manufacture  of  sugar  are 
mainly  due  to  the  different  components  of  the  juice,  which  come  into  an 
active  state  of  antagonism  to— and  positive  destruction  of — sugar,  when  ex- 
pressed from  the  cane,  involving  the  loss  of  more  sugar  than  is  sold.  The 
record  of  the  attempts  to  overcome  such  difficulties,  reveals  some  shrewd 
ises.  Science  proffered  one  solitary  success,  obtained  by  means  of  a 
poison,  and  consequently  tabooed  in  practice.  It  is  necessary  to  know  the 
character  of  those  difficulties  which  occur  in  the  manufacture  of  sugar 
before  the  most  suitable  remedy  can  be  appreciated.  We  can  only  glance 
at  a  few  of  these  antagonists  now. 

At  the  very  outset  we  encounter  the  fact,  which  is  patent  to  all,  that 
fermentation  of  the  juice  begins  with  its  expression  from  the  cane,  and 
ultimately  ends  in  acetic  acid.  Of  course,  all  the  juice  is  not  permitted  to 
run  into  acid,  therefore,  the  acid  present,  be  it  more  or  less,  is  neutralised 
by  lime,  to  be  removed  afterwards  by  the  refiner.  Whatever  lime  can 
accomplish  in  the  juice  more  than  this  neutralization  of  the  acetic  acid,  is 
positive  destruction  of  sugar.  Its  ability  to  "  defecate,"  or  clear  the  juice, 
is  a  French  notion,  which  some  adopted  to  their  loss  of  sugar. 

To  return  to  the  fact  that  the  juice  ferments  from  the  mcraent  it  is  ex- 
pressed, BO  alto  it  is  a  well-known  fact  that  a  pure  solution  of  sugar  will 
not  ferment  until  after  some  foreign  matter  has  been  introduced ;  we  are 
thus  led  to  infer  that  the  cane-juice  is  not  a  pure  solution,  and  that  it  either 
brings  with  it  the  seeds  of  destruction,  or  those  seeds  are  introduced  sub- 
sequently; and  botli  these  views  may  apply;  for  we  find  the  albuminoids 
are  contained  in  the  saccharine  juice,  and  the  wooden  trough,  through 
which  this  juice  flows  from  the  mill  to  the  receiver,  becomes  saturated 
with  acetic  acid,  to  innoculate  whatever  juice  can  come  in  contact  with  it. 
The  juice  now  remains  in  the  receiver  until  full.  So,  then,  the  juice  has 
flowed  over  or  through  some  50ft.,  or  it  may  be  150ft.,  of  contamination 
to  repose  a  few  minutes  longer  in  the  receiver,  and  time  affords  the  oppor- 
tunity for  perfecting  the  work  of  destruction,  unless  shortened  by  passing 
the  juice  on  to  the  boiling-pans,  where  another  chymical  action  is  set  up, 
aided  by  lime,  and  we  get  carbonic  acid  gas,  and  again  to  the  destruction 
of  sugar. 

Another  source  of  acetification  is  the  saturated  debris  of  the  cane  in  the 
juice,  or  accumulating  in  the  wooden  trough,  oxidised  at  every  evolution,  or 
change  of  position.  It  is  a  questionable  improvement  to  arrest  the  debris 
at  the  mill  ;  for  where  the  atmosphere  can  get  access  to  such  debris,  there 
fermentation  will  become  more  or  less  rife.  It  cannot  be  desirable  to  filter 
the  juice  through  such  a  mass  of  contamination. 

This  fact  may  some  day  become  an  invitation  for  an  improved  sugar- 
mill,  instead  of  that  which  the  makers  are  content  to  perpetuate  until  a 
better  mill  is  inquired  for.  The  French  remedy  consisted  of  five  rolls, 
instead  of  three,  thus  advancing  in  a  wrong  direction  ;  of  course  it  was  a 
failure  But  the  notable  proximate  Cause  of  fermentation  is  albumen,  and 
another  of  similaT  ability  which  may  have  remained  unnoticed  by  reason  of 
in  physical   ill  ,   whilst  its  power  for  destruction  of  sugar,  by 

promptly  inducing  fermentation,  is  as  insidious  as  it  is  immense;   yet, 

hitherto,  only   suspected    in  relation    to    the   subject   before  01 — at  least  in 

procti  '■    "granules,"   as    they  have    been    termed,  are  found   to   be 

animate.      Analysis   had   detected   nitrogen    in    the  juice,  which  excited  the 

suspicion  of  animal  matter,  and  when  the  cane  was  submitted  to  destructive 

distillation,   the  amount  of  ammonia     trengtliencd  the  suspicion.     Scicnc 

as  the  empiric  formulm  ('.  LO  H. 31,  A/.  5,  0.  12,  and  designated  it 

::■■.  i  id   advised    us  of  its  pronenesi  to  ferment   with   sugar  and 

promptly  induce  pntrifaction.    These  granules  passed  into  the  hands  of 

microscopists,  who  found  the  globules  had  a  diameter  of  8  to  5  milliemea  of 

a  millimetre,  and  thai   the)  have  a  tough,  translucent  skin,  containing  a 

>•!■.     We  can  separate  them  by  filtration;   and  the  juice. 

when    ^>    treated,    lo>es   ils    looteSOeBt    cliaract  a,    and     all'onls    a    perfectly 
limpid  liquor,  and  may  remain  many  hours  without  the  slightest   Indication 

menting.    The  organic  matters  in  the  juice,  other  than  sugar,  have 
been  estimated  by  M.  leery,  of  L'ile  Maurice  Reunion,  at  3*6  thousandths 

of  tin-  weight  of  the   juice.      7'  Hon,  hnvert  ,\  OUffflMI \t»   viHi  tin- 


pressure  which  expresses  the  juice.   The  relative  proportion  which  this  most 
careful  observer,  and  truly  practical  manipulator,  assigns  to  each  is:—  ■ 

Granular  globules 0-287 

Albumen    0076 

Other  organic  substances 0-637 


1-000 

M.  leery  also  estimates  the  mineral  portion  of  the  juice  at  2'9per  1,000. 
M.  Payeu  give  us  the  following  as  the  results  of  his  analysis  of  the  juice  of 
the  sugar-cane;  at  the  same  time  admonishing  us  with  the  significant  hint 
that  his  figures  cannot  be  constants,  when  climate,  soil,  or  cultivation,  can 
affect  the  various  results:  — 

Sugar 18-00 

Ligneous  matters,  and  pectic  acid 9-56 

Albumen,  and  three  other  nitrogenous  matters    0'55 

Fatty  matters,   oils,    resins,  aromatic,  and  deliquescent,  &c.  0-37 

Insoluble  salts  0.12,  and  soluble  0-16 0-28 

Silica 0-20 

Water 71-04 

100-00 

It  will  be  seen  here  that  the  granules,  to  which  we  have  been  alluding, 
were  then  held  deserving  of  no  distinctive  notice,  yet  are  probably  included 
in  the  comprehensive  expression  of  "  three  other  nitrogenous  matters." 
Their  importance  commands  more  distinct  attention  since  the  discovery  of 
the  part  they  play. 

In  practice,  the  albumen  has  been,  for  the  most  part,  coagulated  by  the 
boiling  temperature  to  which  the  juice  has  been  necessarily  subjected,  and 
the  scum  duly  removed,  yet  there  remained  a  complex  organic  matter, 
precipitable  by  alcohol,  and  by  neutral  acetate  of  lead,  very  soluble  in  the 
alkalies,  and  also  in  acids,  including  the  tannic  acid.  Isolated  and  purified 
in  many  precipitations  by  alcohol,  this  substance  is  without  odour  or  taste. 
It  is  white,  amorphous,  and  now  without  action  in  polarisod  light,  giving 
off  ammonia  when  heated  with  lime  or  potash,  deliquescent,  and  not  redis- 
solved  after  isolation.  Immersed  in  water,  it  forms  a  viscid  solution, 
mixed  with  sugar  and  water,  and  again  it  becomes  equally  viscid.  This 
matter  escapes  those  agents  hitherto  employed  to  purify  the  juice,  and 
accumulates  in  the  liquor,  as  evaporation  removes  the  aqueous  portion.  It  is 
found  again  in  the  sirops  made  with  these  sugar-products.  We  thus  accu- 
mulate facts,  which  are  inconsistent  with  our  knowledge  of  albumen,  and 
further  experiments  lead  to  the  conclusion  that  we  have  here  the  principal 
opposing  cause  to  the  crystallisation  of  sugar.  Thy  well-known  albumen 
and  the  matter  coagulable  by  alcohol,  equally  promote  the  fermentation  of 
the  juice,  but  not  with  the  same  degree  of  energy. 

Hassell  found  the  insects  acari  in  35  out  of  36  raw  sugars,  also  sporules 
and  filaments  of  fungi  in  10,  grape-sugar  in  all,  and  often  tj  a  considerate 
amount,  and  all  contained  a  varying  amount  of  albumen. 

We  are  indebted  to  Robert  Brown,  the  botanist,  for  the  discovery,  and 
to  M.  Le  Rique  de  Mouehy  and  Professor  Bechamp  for  their  decisive  ob- 
servations of  the  extremely  minute  corpuscles.  These  microscopists  at 
once  detected  an  oscillatory  movement,  too  formal  to  be  accidental.  Even- 
tually they  accumulated  evidence  sufficient  to  decide  that  these  minute 
globules  are  animaculies,  and  that  they  are  met  with,  not  only  in  the  liquids 
of  plants,  but  also  in  those  of  animals,  in  the  polen  of  certain  vegetables, 
in  the  eggs  of  butterflies,  the  liquids  of  caterpillars,  spiders,  &c.  Also,  that 
these  "  granules"  are  organized  beings,  probably  some  of  the  most  minute 
hitherto  discovered,  and  that  they  act  like  a  ferment.  Extracted  from  the 
cambium  of  geraniums,  lilacs,  &c,  they  cause  sugar  and  starch  to  ferment 
easily.  The  physiological  functions  of  these  curious  little  bodies  appear  to 
reside  in  the  maturation  of  fruit  and  of  the  sugar-cane,  also  in  the  ckibo- 
i  at  ion  and  regeneration  of  tissues. 

We  have  now  traced  out  a  hitherto  unappreciated  and  most  subtle 
Cause  Of  fermentation,  and  of  the  non-crystallisation  of  raw  sugar,  and  sen 

how  filtration  can  separate  these  Bnimaculea  and  keep  back  albumii 

matter  Blso.      The  difficulty  occurs  and  is  formidable  whenever  we  attempt 
. i  i-v    out  this   filtration   into   practice.      The  question   again  presents 
itself,  by   what  practical    process    can   we    secure   the  desired    result? 
Lime  has  been  misnamed  .and  I  have  made  better  and  i 

■agar  from  a  quantity  of  juice  without  lime  than  others  did  with  i'.  Of 
course  we  must  use  lime  when  we  permit  the  juice  to  ferment.  "The 
oonori  rid  of  many  difficulties  where  property  applied,  buf  it  does 

not  produce  "  ■<  lugor"  lit   for  tin-  consumer.     In  a  word,  the 

great  requi  in  efficient  check  on  the  destruction  i  its 

I sss  of  manufacture,  inch  a  ol  eck  u  cannot  interfere  with  the  economy 

of  manufacture  or  the  purity  of  sugar.    There  are  nlm>  numerous  |  ■   i 

known    by    various    names,  as   the   I'ltili? ml    exosmose,  the   dill- 

process,  &c.    They  are  not  novelties,  but  mere  recha  i  lost  their 

■  Iveneii  in  practice. 
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I  was  several  years  on  the  island  of  Lurzon,  and  often  on  those  other 
sugar-growing  islands  which  compose  that  archipelago,  of  which  Manilla  is 
the  capital.  Consulted  by  the  planters,  I  heard  their  complaints  of  the 
great  loss  of  sugar,  in  its  manufacture  and  the  great  difficulty  appeared  to 
me  to  be  to  neutralise  the  cause,  by  isolating  the  contained  albumen  of 
the  juice,  together  with  its  congeners,  and  that  with  promptitude,  having 
a  due  regard  to  the  economy  of  manufacture. 

The  remembrance  of  a  rather  singular  fact  came  to  my  help.  It  hap- 
pened when  I  was  in  California,  in  1852.  I  found  many  Chinamen  had 
preceded  me  there,  and  some  of  them  had  died,  and  were  buried.  The  love 
of  home  is  strong  in  the  Chinese,  and  they  derive  much  assurance  that  they 
shall  not  remain  in  a  strange  land.  In  the  fulfilment  of  such  promises, 
exhumations  were  g'oing  on,  which  attracted  the  attention  of  some 
Americans,  who  had  buried  a  friend  in  that  immediate  locality.  They 
"  conclnded  that  the  Chinese  were  not  too  particular,"  and  might  have 
included  the  remains  of  their  friend  amongst  those  exhumed.  Such  an 
offence  the  Americans  were  only  too  ready  to  resent.  Knowing  the  precise 
spot,  they  found  the  corpse,  to  their  utter  astonishment,  more  plump, 
and  the  tissues  firmer  than  when  buried  some  months  before.  In 
a  word,  decomposition  had  been  arrested  on  interment,  and  a  complete 
change  into  adipocere  was  the  consequence.  I  carefully  studied  the 
geological  character  of  that  cemetery,  which  alone  could  have  produced 
this  effect,  and  now  conceived  that  it  might  involve  an  approach  to  success, 
in  relation  to  the  object  wdiich  I  had  in  view,  namely,  the  coagulation  of 
the  albuminoids  contained  in  the  cane-juice;  for,  once  coagulated,  their 
ability  to  induce  fermentation  is  at  an  end. 

Experiment  gratified  my  expectation,  and  experience  on  one  occasion 
with  a  stone  mill,  rejected  canes  and  adventitious  appliances  confirmed  it : 
but  my  first  efforts  were  too  crude  for  repetition  in  practice,  and  I  left 
before  I  had  perfected  my  design,  As  it  was,  I  got  a  certified  increase  of 
product  amounting  to  25  per  cent,  of  well  crystallised  sugar  of  superior 
quality,  by  the  aid  of  their  own  mills  and  evaporating  pans. 

Although  it  may  be  rare,  still  this  change  into  adipocere  is  not  singular 
The  fact  of  this  preservation  is  well  known  in  Spain,  and  a  worthy  padre 
assured  me  he  had  seen  it  himself,  and  his  description  enabled  me  to  trace 
a  similarity  between  the  two  in  a  geologic  point  of  view,  which  satified  my 
inquisitiveness.  This  new  aspect,  however,  afforded  me  an  opportunity  for 
escaping  a  servile  imitation. 

In  these  remarks  I  do  not  presume  to  entertain  the  notion  that  I  am 
enunciating  what  would  have  remained  unknown,  hut  simply  what  is  not 
•ufficiently  understood  in  practice.  I  find  that  Payen,  Scoffern,  and  other 
eminent  men  have  preceded  me  in  the  same  direction,  and  that  they  sug- 
gested what  appeared  to  me  to  approach  success  so  near  by  a  new  path  at 
to  invite  the  attention  of  those  who  suffer  an  immense  loss.* 

The  authority  to  whom  I  have  alluded  tells  us  that  "  The  juice  is 
rapidly  fermented  after  extraction,  unless  the  vegetable  remains  that 
always  float  in  it  have  been  removed ;  irom  which  it  is  inferred  that  the 
granular  silbstance  or  matter,  performs  an  essential  part  in  the  fermenta- 
tion of  the  juice.  The  juice  contains  an  albuminous  matter,  to  wdiich  also 
the  alteration  is  due.  The  abstraction  of  these  globules  and  other  organic 
and  albuminoid  matters,  entails  a  delay  of  days  in  the  fermentation,  and 
the  juice  so  treated  remains  without  alteration,  are  facts  which  need  but 
to  be  enunciated  to  cause  their  importance  to  be  understood.  They  might 
doubtless  lead  to  very  satisfactory  results,  were  they  to  form  the  base  of  a 
new  process  applied  to  our  sugar  industry.  In  the  ordinary  practice  of  our 
mills,  as  arranged  at  the  present  day,  this  process  would  be  attended  with 
three  advantages.     It  would, — 

1st,  Preclude  immediate  fermentation  of  the  juice,  and  preserve  it  nearly 
unaltered,  at  least  one  day. 

2nd,  It  would  reduce  the  proportion  of  uncrystalisable  sugar. 

3rd,  We  would  have  a  limpid  liquid,  which,  if  concentrated,  preserves  its 
original  transparent  purity. 

It  may  be  added  that  the  globular  and  albuminous  substances,  to  which 
the  acidity  of  the  juice  is  chiefly  due,  are  among  the  principal  causes  of 
the  glucose  (treacle)  transformation  of  the  sugar. 

On  the  other  hand,  it  will  be  remembered  that  the  means  at  our  com- 
mand for  effecting  the  defecation  and  freeing  the  juice  from  the  impurities 
which  it  brings  with  it,  and  those  produced  during  the  evaporation  are 
impotent  to  completely  restore  the  juice  to  purity.  Whatever  care  may 
have  been  used  this  liquid,  when  it  has  arrived  at  the  syrup  stage,  still 
contains  a  very  considerable  quantity  of  minute  matter,  consisting  chiefly 
of  albuminoids  and  granular  matter.  These  particles,  owiug  to  their 
levity,  are  not  easily  separated  or  precipitated  by  rest ;  they  adhere  to  the 
sugar,  and  give  it  a  dark  brown  colour.  The  quantity  of  corpuscle  present 
readily  accounts  for  the  difficulty  in  producing  a  bright  sugar."  I  could 
not  deny  myself  the  pleasure  of  quoting  so  freely  one  of  our  highest 
chemical  authorities  in  confirmation  on  this  subject,  one  who  so  keenly 


*  At  present  we  lose  about  two-thirds  of  the  sugar  in  the  juice,  and  the  total  value 
of  the  lost  sugar,  according  to  Dr.  Scoffern,  is  about  £60,000,000  annually ;  or  some  four 
millions  of  tons  of  sugar. 


suspected  the  character  and  function  of  those  infinitesimal  globules  in  the 
juice,  and  as  clearly  demonstrated,  by  anticipation,  the  beneficial  conse- 
quences of  their  isolation,  together  with  that  of  the  albumen. 

We  hear  of  an  attempt  about  to  be  made  to  cure  meat  in  Australia  with 
sugar,  the  cured  meat  to  be  imported  here.  Of  course,  if  approached  in  a 
proper  manner,  such  an  enterprise  may  be  very  profitable. 


POCKET  SHEET  METAL  GAUGE. 

The  difficulty  of  accurately  measuring  the  thickness  of  sheet  metals  is 
well  known  to  all  persons  who  have  occasion  to  use  or  deal  in  them.  The 
edges  of  metals  being  often  imperfect,  ordinary  gauges  are  prevented  from 
going  on  readily.  It  also  usually  happens  that  the  extreme  edges  are 
thinner  than  the  rest  of  the  sheet  and  cannot  therefore  be  relied  upon  to 
give  the  thickness  correctly.  In  selecting  sheets  for  many  purposes,  it  is 
desirable  to  have  a  gauge  to  indicate  the  exact  thickness  in  parts  of  an 
inch,  and  to  accomplish  this  result  the  gauge  shown  in  the  cut  has  been 
devised,  which  will  show  the  thickness  of  a  piece  of  metal  up  to  three- 
tenths  of  an  inch  in  thousandths  of  an  inch,  and  at  some  distance  from  the 
edge  of  the  sheet. 

The  piece  in  the  form  of  the  letter  U  has  a  projecting  hub,  A,  on  one  end. 
Through  the  two  ends  are  tapped  holes,  in  one  of  which  is  the  adjusting 
screw,  B,  and  in  the  other  the  gauge  screw,  C.  Attached  to  the  screw,  C, 
is  a  thimble,  D,  which  fits  qver  the  exterior  of  the  hub,  A.  The  end  of 
this  thimble  is  beveled,  and  the  beveled  edge  graduated  into  twenty-five 
parts  and  figured,  0,  5,  10,  15,  20.  A  line  of  graduations  40  to  the  inch  is 
also  made  upon  the  outside  of  the  hub,  A,  the  line  of  these  divisions 
running  parallel  with  the  centre  of  the  screw,  C,  while  the  graduations  on 
the  thimble  are  circular.  The  pitch  of  the  screw,  C,  being  40  to  the  inch, 
one  revolution  of  the  thimble  opens  the  gauge  J„  or  tfjo  of  an  inch.  The 
divisions  on  the  thimble  are  then  read  off  for  any  additional  part  of  a 
revolution  of  the  thimble,  and  the  number  of  such  divisions  are  added  to 
the  turn  or  turns  already  made  by  the  thimble,  allowing  r§£„  for  each 
graduation  on  the  hub,  A.  For  example,  suppose  the  thimble  to  have 
made  four  revolutions  and  one-fifth.  It  will  then  be  noticed  that  the 
beveled  edge  has  passed  four  of  the  graduations  on  the  hub,  A,  and  opposite 
the  line  of  graduation  will  be  found  on  the  thimble  the  line  marked  5. 
Add  this  number  to  the  amount  of  the  four  gradations,  which  is  ■$$&  and 
it  equals  J^,  which  is  the  measurement  shown  by  the  gauge. 


The  gauge  illustrated  above,  which  is  the  full  size  of  the  implement,  will 
measure  the  thickness  of  sheet  metal  or  other  material,  by  thousandths  of 
an  inch  up  to  three-tenths  of  an  inch  at  any  point  within  half  an  inch 
from  the  edge,  and  will  also  answer  to  measure  the  diameter  of  wire. 
Means  of  adjustment  are  provided  in  case  of  wear  by  continued  use,  by 
means  of  the  screw  B  tapped  in  the  opposite  leg  of  the  guage. 


DOUBLE  DEFLECTING  ARMOUR  PLATES. 

A  very  interesting  paper  was  read  by  Mr.  J.  M.  Hyde  on  the  15th  ult. 
before  the  Royal  United  Service  Institution,  describing  his  system  of  pro- 
tecting war  vessels  by  means  of  deflecting  armour  plates.  This  arrange- 
ment consists  in  sponsoning  or  flambing  out  the  sides  of  the  vessel  from  a 
short  distance  below  the  water  line  to  any  desired  height  above  water, 
after  which  the  sides  are  sloped  inboard  until  a  sufficient  height  between 
decks  is  obtained.  The  sides,  together  with  the  bow  and  stem,  which  are 
rounded,  thus  present  a  sharp  angle  to  the  enemy's  guns,  somewhat  similar 
in  section  to  that  shown  in  Mr.  Elder's  circular  ship,  and  which  was  illus- 
trated in  Plates  333  and  335  of  The  Abtizan.  The  vessel  is  then  covered 
with  armour  plate  of  moderate  thickness,  say  from  3  to  4  inches,  upon 
which  is  bolted  timber  to  the  thickness  of  about  12  inches,  the  grain  of  the 
wood  running  endways  or  down  the  angular  side.  Thus  protected,  Mr. 
Hyde  contended  that  a  ship  would  be  perfectly  invulnerable  to  the  heaviest 
guns  at  present  manufactured,  and  gave  the  results  of  a  very  ingenious  set 
of  experiments   which   he  had  carried    out,  to  prove  his   position.     As  it 
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would  be  far  too  expensive  for  him  to  test  his  system  in  the  usual  manner 
at  Shoeburyness,  he  adopted  the  simple  method  of  reducing  everything  to 
a  scale  of  an  inch  to  the  foot,  and  made  a  model  Armstrong  600-pounder 
with  a  bore  of  1  instead  of  12  inches,  which  lie  used  for  firing  at  different 
forms  and  thicknesses  of  targets,  but  all  similarly  reduced  to  the  same 
scale.  In  order  to  show  that  the  results  thus  obtained  were  fair  repre- 
sentations of  the  Shoeburyness  trial's,  Mr.  Hyde  exhibited  various  plates 
which  had  been  fired  at  when  in  the  usual  upright  position,  and  in  each  of 
these  cases  the  amount  of  damage  done  was  an  exact  miniature  of  the 
full  sizod  tnal=,  and  which  was  fully  acknowledged  by  well  known 
authorities  then  present.  Similar  experiments  against  plates  covered  with 
wood  and  placed  at  an  angle  of  about  30°  with  the  horizon,  according,  to 
Mr.  Hyde's  system,  proved  that  the  shot  would  not  quite  penetrate  the 
wood,  the  shot  being  deflected  in  a  direction  parallel  to  the  fibres  of  the 
wood,  and  leaving  the  iron  plate  untouched.  From  this  it  would  appear 
that  Mr.  Hyde  lias  shown  enough  to  make  it  desirable  that  full  sized 
experiments  should  be  made  in  order  that  the  accuracy  of  his  views  may 
be  fully  tested.  The  plan  of  making  experiments  to  scale  is  we  think 
also  well  worthy  the  serious  consideration  of  government,  as  the  expendi- 
ture incurred  by  the  Shoeburyness  trials  is  so  great  that  the  public  would 
be  exceedingly  gratified  if  they  were  in  future  reduced  to  one-twelfth  their 
present  dimensions. 


ON    MARINE    PROPULSION. 
By  Feaxcis  Cajipix,  C.E. 

Throughout  the  range  of  engineering  science  there  have  been  but  few 
subjects  which  have  engaged  so  much  attention  a.s  that  which  refers  to 
marine  propulsion.  Even  in  the  mercantile  marine,  it  is  not  one  nation 
alone  that  is  interested  in  ascertaining  the  most  economical  modes  of 
applying  motive  power  to  the  propulsion  of  vessels,  but  the  whole  world, 
and  looking  at  the  question  in  a  broader  light,  we  find  onr  topic  of  para- 
mount importance  in  the  interests  of  social  and  political  economy,  and 
also  in  the  interests  of  humanity. 

The  country  of  which  the  merchandise  is  carried  at  the  maximum  speed, 
with  a  minimum  consumption  of  fuel,  will  evidently  realise  the  the  greatest 
profit  on  a  given  amount  of  capital,  for  there  is  not  only  the  saving  of  fuel 
to  be  taken  into  consideration,  but  also  the  fact  that  the  freight  being  a 
shorter  time  on  the  passage,  the  profits  are  sooner  realised. 

Politically,  we  have  to  seek  for  such  a  system,  as  without  being  in  itself 
extravagant  in  first  cost,  shall  really  yield  reliable  results  and  not  termi- 
nate in  successive  failures  which,  although  they  may  by  some  be  thought 
useful,  as  giving  experience  (be  it  observed,  at  a  great  expense  to  the 
country  in  which  they  occur),  would  yet  form  but  a  contemptible  fleet  for 
either  offensive  or  defensive  purposes. 

Under  these  various  circumstances  it  indeed  appears  somewhat  strange, 
that  out  of  all  the  systems  of  marine  propulsion  which  have  been  from 
time  to  time  brought  forward,  it  has  not  yet  been  decided  to  which  classes 
of  work  the  different  methods  are  severally  most  applicable.  It  is  easy  to 
understand  thai  paddle-wheels,  with  their  concomitant  gear,  are  unsuited 
to  purposes  of  war  where  the  vessels  may  come  into  action ;  hence, 
naturally,  tin'  screw  propeller  is  resorted  to,  as  a  rule,  but  there  is  a  third 
method  which  appears  to  us  to  require  a  closer  scrutiny  thin  any  to  which 
it  has  yet    been  submitted — we  refer  to  hydraulic  propulsion. 

Although  it  is  many  years  since  hydraulic  propulsion  was  first  brought 
forward  into  public  notice,  and  much  has  been  said  as  to  the  economy 
which  must  result  from  its  adoption,  yot  do  we  not  only  find  that  the 
system  does  not  obtain  much  favour,  but  also  that  it  is  exceedingly  difficult 
to  procure  anything  approaching  to  satisfactory  reports  of  tho  trials  of 
vessels  fitted  with  the  apparatus  to  which  we  refer. 

The  Nautilus  was  stal  d  to  make  as  good  speed  as  the  best  Chelsea 
steamboat,  with  which  a  fair  comparison  might  be  made,  but  one  question 
yet  require  tswered — What  is  the  relal  imption  of  fuel? 

Again,  in  most  cases  the  machinery  of  the  hydraulic  propeller  occupies 
much  more  room  than  that  required  for  Bcrew  or  paddle  engines,  and  this, 
for  mercantile  v.  ild  he  fatal  to  the  adoption  of  I  be  Cm  st  plan. 

We  shall  now    proceed  briefly  to  review  some  of  the  plans  which  have 
been  made  pul  lie  relating  to  hydraulic  propulsion,  as  slime  of  them  appear 
certain  merits   which,  were  thej    applied  to  purpo   is  I  r  which 
they  are  peculiarly  adapted,  would  probably  ensure  som 

Ruthven's  system  iir>t  demands  our  attention,  and  it  appears,. oveu  af 
the  mosl   cursory  glance,  to  exhibit   defects  of  s  verj  grave  character,  the 
water  issuing  from  the  nozzles  and  intended,  by  its  re-action,  to  propel  the 
■!,  has  as  an  abutment   upon  which  to  act,  alight  and  very  mobile 
fluid — the  air— and   as  the  must  lie  equal  I  are  b  fore 

motion  by  re-action  is  secured,  there  must  In;  much  force  wasted  in  CP 
aerial  waves  ti  afford  sufficient  re"  tance  !  i  :    i  jete  of  water  to  enable 
them,  by  re-action,  to  propel  the  vessel  to  which  thej  are  attached.  Leaving 
this  part,  of  our  question  for  a  short  period,  as  regards  the  peculiar  mi 


of  propulsion  of  which  we  are  treating,  we  may  show  that  it  is  necessary 
where  motion  is  produced  by  re-action  that  there  should  be  some  medium 
or  point  of  abutment  exhibiting  a  resistance  equivalent  to  the  force 
requisite  to  produce  the  velocity  at  which  the  vessel  is  being  propelled. 
Considering  the  case  of  a  paddle-wheel  steamer,  we  observe  that  almost 
invariably,  if  not  quite,  there  is  a  more  or  less  considerable  wave  thrown 
up  behind  the  floats  of  the  wheel,  and  these  wraves  are  evidently  required 
to  afford  the  requisite  pressure  on  the  centres  of  the  floats.  This  pressure 
must  evidently  be  equal  to  that  which  would  propel  a  jet  of  water  at  the 
centre  of  the  floats  with  a  velocity  equal  to  that  at  which  the  vessel  is  pro- 
gressing, it  is  also  clear  that  power  must  be  lost  in  raising  these  waves,  as 
a  certain  weight  of  water  is  actually  lifted  by  the  engines  to  be  ultimately 
dispersed  by  gradual  subsidence  in  the  wake  of  the  vessel. 

This  argument  will  also  hold  good  when  applied  to  any  kind  of  matter, 
whether  solid,  fluid,  or  gaseous;  hence  its  bearing  upon  the  action  of 
Ruthven's  propellers,  for  inasmuch  as  air  has  far  less  weight  than  water,  so 
will  a  greater  amount  of  undulatory  disturbance  be  required  in  air  than  in 
water,  in  order  that  the  resisting  medium  may  offer  a  sufficiently  solid 
abutment  for  the  propelling  jets  to  act  upon. 

From  these  remarks  it  may  be  deduced  that  it  is  advantageous  in  all 
reacting  propellers  to  have  them  placed  in  as  dense  a  medium  as  may  be 
available  and  at  a  depth  proportionate  to  the  speed  at  which  it  is  designed 
to  propel  the  vessel. 

We  shall  not  in  relation  to  this  subject  compare  the  screw  propeller  with 
the  paddle,  as  by  so  doing  our  remarks  would  be  extended  over  more  space 
than  is  at  present  convenient,  on  account  of  the  many  points  in  which  the 
action  of  the  screw  differs  in  principle  from  that  of  the  paddlewheel ;  but 
it  may  be  remarked  in  passing,  that  the  wave  thrown  up  by  the  immersed 
screw  is  inconsiderable  compared  to  that  in  the  wake  ot  a  paddlewheel. 

Unlike  Ruthven's,  the  "  Hirudine  "  propeller  acted  under  the  surface  of 
the  water,  water  being  drawn  in  at  the  stem  and  ejected  at  the  stern  of 
the  vessel,  but  the  means  used  to  attain  this  end  were  far  too  complex  and 
uncertain  to  allow  of  the  invention  becoming  practically  successful,  the 
mode  of  its  operation  was  as  follows  : — in  the  lower  part  of  the  vessel  was 
formed  a  rectangular  channel  extending  from  stem  to  stem,  and  within 
this  channel  was  placed  throughout  nearly  its  entire  length  a  horizontal 
diaphragm  which,  however,  was  not  attached  to  the  sides  of  the  channel, 
but  supported  and  actuated  by  a  number  of  connecting  rods  working  from 
cranks  on  a  longitudinal  crank-shaft  placed  directly  over  the  channel.  The 
cranks  were  so  arranged  as  to  produce  a  wave-like,  hirudine,  or  leech 
motion  in  the  diaphragm,  thus  inducing  a  current  to  flow  from  one  end  of 
the  channel  to  the  other,  which  by  its  reaction  would  propel  the  vessel. 

Next  we  may  refer  to  Gumpel's  Hydraulic  Propeller.  In  this  also  a 
current  is  induced  through  a  channel  placed  under  or  near  the  bottom  ot 
the  ves-sel  to  be  propelled,  but  the  motion  of  this  current  is  created  and 
regulated  by  the  action  of  ordinary  pumps,  which  certainly  possess  the  ad- 
vantage ot  being  certain  in  their  action,  although  they  occupy  considerable 
space.  The  patent:  for  this  invention  was  allowed  to  lapse,  but  from  the 
results  of  experiments  tried  with  models  a  few  years  back  we  are  disposed 
to  think  that  the  subject  is  worthy  of  the  serious  consideration  of  engineers 
and  shipbuilders. 

This  method  has  been  revived,  but  the  ordinary  pumps  are  replaced  by 
centrifugal  ones,  and  here  is  introduced  an  element  which  we  consider  is 
accompanied  by  uncertainty,  and  more  especially  when  working  at  low 
speeds.  The  centrifugal  pump  possesses  the  advantage  of  being  more 
compact,  but,  again,  requires  iii  many  instances  a  greater  consumption  of 
power  than  the  pist  m  pump. 

One  of  the  most  recent  designs  in  which  the  submerged  hydraulic  pro- 
peller is  introduced  is  that  of  Mr.  John  Elder's  for  circular  vessels  of  war, 
in  which  it  i  i  necessary  to  have  such  means  of  propulsion  as  shall  satisfy 
the  requirements  of  manoeuvring,  by  proceeding  in  any  direction,  or  causing 
the  vessel  to  revolve  upon  its  centre.  It  is  not  in  this  paper  pertinent  to 
discuss  the  merits  of  the  class  of  vessels  alluded  to,  but  we  may  observe 
that  in  oar  opinion  the  propeller  selected  is  most  admirably  adapted  to 
attain  the  ends  required. 

In  concluding  these  remarks,  we   do  not   wish    to  be  misunderstood  as  to 

our  opinions  on  the  subject  of  hydraulic  propulsion,  but  particularly  should 
be  impressed  I  he  import  ance  of  ba\  ing  oomplef  •  and  reliable  reports  ol  the 
various  trials  of  in  w  or  improved  propellers,  and  more  especially  of  snob 
as  have  been  bo  often  tried  and  abandoned,  Vv"e  believe  in  yet  obtaining 
and  economical  hydraulic  propellers,  provided  thej  bi  submerged] 
but  otherwise,  for  the  reasoos  adduced  above,  we  have  but  verj  little  faith 
in  them. 


A  Bystik  of metalll illlngs,  whloh  ifvsrj 

In  thu 

State  .     i  in        iloor, 

and  If  inserted  a   |  svery  description  of 

cartoon    painting',   combining  with  litrhtncs   ami    durability   artistic  and  onuiienlal 
vfTcel. 
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CHEMICAL  SOCIETY. 

After  the  usual  formal  business,  the  President  announced  that  Dr. 
Wallace,  of  Glasgow,  who  had  promised  a  lecture  "  On  the  Chemistry  of 
Sugar  Refining,"  had  been  prevented  by  illness  from  attending,  but  that 
he  had  forwarded  his  diagrams  and  tables,  together  with  the  MS.  of  his 
lecture,  and  that  the  latter  would  now  be  read  by  the  secretary. 

Mr.  Vernon  Harcourt  accordingly  proceeded  to  read  the  discourse,  of 
which  the  following  is  an  abstract:  — 

After  a  few  introductory  remarks  upon  the  complexity  of  the  science  of 
chemistry,  upon  the  importance  of  the  technological  branches  of'it  to  many 
Fellows  of  the  Society,  and  upon  the  encouragement  afforded  to  the  study 
of  those  branches  by  the  Society,  the  author  draws  attention  to  the 
statistics  of  the  sugar  trade  in  this  country  Prom  the  Board  of  Trade 
returns  for  1868,  it  appears  that  594,656  tons  of  sugar  of  all  sorts  were 
imported  in  that  year.  The  duty  on  this  quantity  amounted  to  nearly  five 
and  a  half  millions,  and  the  total  money  value,  including  duty,  to 
£21,000,000.  At  least  400,000  tons  were  refined  in  this  country.  Foreign 
countries,  particularly  Prance,  offer  very  formidable  opposition  to  the 
English  refiners,  no  less  than  34,039  tons  in  1868,  and  42,047  tons  in  1867, 
of  refined  sugar  having  been  imported.  The  author  has  shown,  in  a 
previous  discourse,  the  unfair  terms  on  which  our  refiners  have  to  deal  with 
foreign  countries.  He  attributes  the  present  stagnation  of  the  sugar 
refining  trade  in  London  mainly  to  this  unfair  competition,  but  also  to  the 
extraordinary  development  of  the  industry  within  the  last  few  years  in 
Greenock  and  Glasgow.  In  1857  the  quantity  of  sugar  refined  in  the 
Clyde  was  38,336  tons,  while  in  1867  the  quantity  had  risen  to  178,013 
tons.  Last  year  it  amounted  to  only  171,643  tons,  but  even  this  quantity 
is  two-fifths  of  the  whole  amount  of  sugar  refined  in  the  United  Kingdom. 
The  author  believes  that  the  London  refiners  have  been  somewhat  slow  in 
adopting  the  most  recent  improvements  introduced  in  the  provincial 
refineries,  and  they  have  been  unwilling  to  give  up  the  making  of  loaf  sugar, 
which  is  not  now  profitable.  They  work,  moreover,  under  considerable 
disadvantages  in  various  respects.  The  refining  process  here  described  is 
that  adopted  at  Greenock  for  crushed  or  soft  sugar.  Its  chief  peculiarity 
is  that  no  syrup  is  produced ;  all  the  sugar  leaves  the  refinery  in  the  solid 
form,  and  the  loss  of  all  kinds  only  amounts  to  about  5  per  cent. 

Sugar  Refining, — A  proper  selection  of  the  raw  sugar  is  a  very  impor- 
tant point  in  the  refining  process.  In  the  Greenock  system  the  raw  sugar 
employed  must  not  contain  more  than  3  or  4  per  cent  of  uncrystallisable 
sugar ;  but  where  syrup  is  produced  this  is  of  less  importance,  and  concrete 
and  low  sugars  may  be  used.  Mixtures  are  often  judicious,  but  on  the 
Greenock  system  a  large  proportion  of  beet  sugar  is  avoided.  Several 
points  must  be  considered  in  purchasing  raw  sugar  for  refining — the 
proportions  of  cane  and  fruit  sugar,  the  amount  of  extractive,  as  determining 
the  quantity  of  animal  charcoal  required  and  its  deterioration  in  the  process, 
and  the  amount  of  insoluble  matter,  which,  when  excessive,  is  troublesome 
to  wash,  must  all  be  taken  into  account. 

The  author  next  gives  a  table  of  the  composition  of  twenty  samples  of 
raw  sugar  of  different  kinds,  but  remarks  that  they  must  not  he  taken  as 
typical  of  the  various  kinds  indicated,  as  they  vary  extremely  in 
composition. 

The  French  mode  of  determining  the  value  of  a  sample  of  sugar  is,  upon 
the  whole,  a  very  fair  and  accurate  one.  Each  percentage  of  fruit  sugar  is 
assumed  to  prevent  the  crystallisation  of  1  per  cent.,  and  each  percentage 
of  soluble  salts  of  5  per  cent  of  cane  sugar;  thus  a  sample  of  Paraiba  sugar 
contained  84'9  of  cane  sugar,  6  of  fruit  sugar,  and  1"7  of  soluble  salts ;  this 
sample  would  accordingly  yield  70'4  per  cent  of  cane  sugar. 

First  Operation — Solution. — This,  which  is  technically  known  as 
"  blowing  up,"  from  the  fact  that  open  steam  was  formerly  used  in  it,  is 
effected  on  the  highest  floor  hut  one  of  the  building.  The  blow-ups  are 
cast-iron  pans,  4  or  5  feet  high  and  6  to  10  feet  in  diameter.  The  steam  is 
admitted  by  a  heating  worm  below  a  false  bottom;  above  and  below  this 
false  bottom  revolving  arms  keep  the  liquor  in  constant  motion.  Water  is 
introduced  into  the  blow-up,  the  steam  turned  on,  and  the  sugar  thrown  in 
as  quickly  as  possible  from  the  floor  above.  In  half  an  hour  the  filling 
should  be  completed,  when  the  liquor  should  have  a  specific  gravity  of  about 
3. '225  (28°  Baume)  and  a  temperature  of  180°  P.  It  consists  of  "about  two 
parts  of  raw  sugar  to  one  of  water,  and  a  pan  of  10  feet  diameter  will 
dissolve  about  7  or  8  tons  of  raw  sugar.  A  small  amount  of  fiocculent  and 
insoluble  matter  is  removed  as  scum  during  the  operation.  This  is  th» 
simple  process  pursued  in  most  of  the  Clyde  refineries ;  but  in  others  various 
methods  of  treatment  are  adopted  to  facilitate  the  purification.  Milk  of 
lime  is  sometimes  added  to  neutralise  the  small  trace  of  acidity  in  the  raw 
sugar,  and  the  author  thinks  this  useful,  provided  that  an  excess  is  avoided. 
The  use  of  blood  6r  albumen  was  formerly  common,  but  as  they  render  the 
syrups  impure,  they  are  now  generally  dispensed  with.  Other  reagents 
have  also  been  used,  such  as  sulphate  or  phosphate  of  aluminium  or  lime, 
or  soluble  tricalcic  phosphate  and  lime,  but  there  is  great  danger  of  the 


workmen  adding  too  much  of  one  or  another  of  them,  and  their  use  does 
not  appear  to  be  necessary.  The  dust  of  animal  charcoal  has  a  good  effect 
when  quite  new,  but  it  cannot  be  used  more  than  once. 

The  next  operation  consists  in  passing  the  solution  through  twilled 
cotton  filter  bags  in  coarse  canvas  sheaths.  These  bags  are  fastened,  to  the 
number  of  200  or  so,  to  the  bottom  of  a  shallow  tank,  into  which  tbe  liquor 
from  the  blow-up  pan  is  passed.     The  sides  are  kept  hot  by  steam. 

Decolourising  the  Syrup. — Animal  charcoal  has  been  found  by 
practical  experiments  to  be  the  most  suitable  for  sugar  refining.  Many 
things  have  been  tried,  some  of  them  much  more  energetic  than  it  as 
decolourising  agents,  but  none  possess  its  peculiar  combination  of  valuable 
qualities.  An  artificial  mixture  of  clay  and  some  form  of  carbon  has  been 
said  to  rival  animal  charcoal,  but  the  author  has  heard  nothing  of  it  lately. 
Seaweed  charcoal  approaches  most  nearly  to  that  of  bones,  but  wants  some 
necessary  characters.  Sulphurous  acid  has  been  triad  n  peatedly,  but  it 
never  removes  more  than  three-fourths  of  the  colouring  matter,  and  its 
liability  to  change  into  suphuric  acid  renders  its  use  dangerous;  for  though 
sulphurous  acid  does  not  alter  cane  sugar,  the  latter  acid  does,  and  even  if 
this  is  neutralised  by  lime,  the  resulting  sulphate  of  lime  is  injurious  to  the 
charcoal,  which  must  subsequently  be  used.  The  author  has  made  no 
experiments  on  the  bleaching  action  of  ozone,  but  fears  that  its  oxidising 
action  on  the  sugar  would  prove  troublesome.  The  carbonatation  process 
used  on  the  Continent  is  excellent  for  the  juice  of  the  beet,  but  would  not 
be  advantageous  in  tbe  refining  of  raw  cane  sugar.  It  might  be  found 
useful  in  certain  cases,  as  for  instance  in  purifying  the  washings  of  animal 
charcoal.  Tne  author  considers  that  it  is  an  excellent  arrangement  to  have 
a  smaller  refinery  connected  with  tbe  larger  one  for  the  separate  treatment 
of  impure  products.  The  use  of  alcohol  with  a  miuute  portion  of  hydro- 
chloric or  acetic  acid,  to  remove  earthy  salts  before  filtration,  is  next 
discussed ;  it  has  been  tried  on  the  large  scale  in  Belgium,  but  discontinued. 
Theoretically,  it  is  most  advantageous,  but  its  expense  would  be  fatal  to  its 
use  here,  except,  perhaps,  with  duty-free  spirit.  A  moderate-sized  sugar 
house  would  require  about  10,000  gallons  of  almost  absolute  alcohol,  and 
this  must  be  re-distilled  every  day.  The  process  has  long  been  used  most 
successfully  for  testing  raw  sugars. 

Filtration  through  Charcoal. — The  clear  liquor  is  now  run  into 
iron  tanks  filled  with  animal  charcoal,  allowed  to  "settle"  for  several 
hours,  and  drawn  off  colourless  below.  At  the  same  time  more  of  the  dark 
liquor  is  run  in  at  the  top,  so  as  to  keep  the  cistern  full.  When  the  sugar 
solution  begins  to  come  away  yellow,  the  sugar  solution  is  replaced  by  the 
syrup  from  a  previous  refine  ;  the  whole  of  the  sugar  is  then  washed  out 
with  hot  water,  and  the  charcoal,  after  draining,  is  taken  to  the  kiln  to  be 
re-burned.  The  author  gives  many  interesting  details  as  to  the  size  of  the 
cisterns,  the  size,  or  "grist"  of  the  charcoal,  &c,  which  our  limits  compel 
us  to  omit.  He  refers,  for  a  full  discussion  of  the  qualities  of  animal 
charcoal,  to  a  lecture  delivered  in  Glasgow  during  last  year.  In  the  present 
discourse  he  confines  himself  to  the  consideration  of  certain  points. 

Three  analyses  of  new  animal  charcoal  are  first  given,  the  samples  con- 
taining respectively  9'71,7'64,  and  10'37  of  nitrogenous  charcoal,  in  the 
dry  substance.  As  sold  it  generally  contains  about  10  per  cent  of  water. 
The  so-called  carbon  of  animal  charcoal  contains  a  notable  proportion  of 
nitrogen,  and  a  little  hydrogen.  The  nitrogen  is  generally  about  l-10th  of 
the  total  carbonaceous  matter,  but  is  sometimes  considerably  more.  Old 
charcoal  contains  less  nitrogen,  and  the  proportion  constantly  diminishes. 
The  nitrogen  appears  to  be  an  assential  constituent  of  animal  charcoal. 
Red-hot  animal  charcoal,  quenched  with  water,  evolves  ammonia,  and  the 
practice  ought,  therefore,  to  be  avoided.  New  charcoal  always  contains 
traces  of  ammonia,  as 'well  as  of  sulphides  of  ammonium  and  calcium.  In 
a  particular  case  '11  per  cent  of  ammonia  was  found ;  and  in  another,  a 
sample  of  charcoal  evolved  '08  per  cent  of  hydric  sulphide  when  treated 
with  an  acid.  Both  new  and  old  charcoal  retains  appreciable  quantities  of 
gases,  which  escape  when  the  tanks  are  filled  with  liquor,  and  sometimes 
explode  when  a  light  is  brought  to  the  top  of  the  cistern. 

Old  charcoal  should  always  contain  more  carbon  than  new,  on  account 
of  the  carbonisation  of  the  impurities  separated  from  the  sugar.  If  the 
carbon  does  not  increase  with  the  age  of  the  charcoal,  it  shows  either 
that  air  has  been  admitted  during  the  re-burning  or  that  the  re-burning 
has  been  effected  at  too  high  a  temperature.  The  increase  of  carbon  in 
tbe  charcoal  is  an  evil,  and  should  be  diminished  as  far  as  possible  by 
thorough  washing  before  it  is  re-burnt.  The  extensive  washing  has  another 
advantage,  for  it  tends  to  remove  the  mineral  salts,  particularly  calcic 
sulphate,  which  has  been  taken  up  from  the  sugar.  As  long  as  the  sugar 
liquor  is  strong,  calcic  sulphate  is  absorbed  and  retained  by  animal  charcoal ; 
but  when  the  washings  begin,  tbe  salt  comes  away  in  solution. 

Another  cause  of  the  deterioration  of  charcoal  is  the  constant  shrinking 
of  its  volume,  and  its  consequent  diminution  in  porosity.  A  ton  of  new 
charcoal  usually  occupies  about  50  cubic  feet,  but  this  diminishes  to  40, 
and  even  in  one  case  to  28  cubic  feet.  This  appears  to  he  due  to  a  partial 
fusion  of  the  calcic  phosphate,  and  is  not  accompanied  by  any  great  alter- 
ation of  specific  gravity.     All  these  considerations  poir.t  to  the  necessity  of 
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renewing  the  charcoal  very  frequently.  With  regard  to  the  quantity  of 
charcoal  required,  much  depends  on  the  nature  of  the  sugar.  For  a  ton  of 
sugar,  25  cwts.  of  good  charcoal  is  amply  sufficient ;  and  for  fine  sugar  an 
equal  weight  is  enough.  The  less  used  the  better ;  and  it  is  a  mistake  to 
suppose  that  a  large  quantity  of  bad  or  exhausted  charcoal  will  serve  the 
same  purpose  as  a  smaller  amount  of  good.  The  work  will  not  be  so  well 
done,  and  the  waste  of  sugar  will  be  greater,  As  illustrations  of  the  com- 
position of  old  charcoal,  the  author  gives  his  analyses  of  nine  samples, 
which  diner  very  remarkably  in  composition.  The  percentage  of  nitro- 
genous carbon  varies  from  2'56  to  19"64. 

The  calcic  carbonate  in  charcoal  is  useful  in  neutralising  the  minute 
quantity  of  acid  present  in  all  sugars  and  also  the  acids  always  formed 
during  the  washing  of  the  charcoal.  When  very  soft  water  is  used,  the 
quantity  of  calcic  carbonate  diminishes  or  even  disappears.  On  the  other 
hand,  with  very  hard  waters,  or  when  lime  is  added  in  the  process,  as  in 
tbe  beet  f -ctories  of  the  Continent,  it  often  increases  to  an  inconvenient 
it.  This  is  the  best  remedied  by  Mr.  Beaus's  process,  which  consists 
in  impregnating  the  burnt  charcoal  with  perfectly  dry  hydrochloric  gas, 
exposing  it  to  the  air  until  the  excess  escapes,  washing  thoroughly  with 
water  and  burning.  Beanes's  process  and  others  of  a  similar  nature  may 
be  applied  with  advantage  to  new  charcoal,  to  bring  it  at  once  into  efficient. 
mdition. 

The  oxidising  power  of  the  charcoal  is  attended  with  a  grave  iucon- 
oce  in  sugar  refining.  When  the  char  cisterns  are  to  be  washed  off, 
hot  water  is  introduced,  while  the  heavier  syrup  descend?,  but  the  liquids 
commingle  to  some  extent,  and  a  weak  solution  of  sugar  is  formed,  which 
•eedingly  liable  to  undergo  tbe  lactic  fermentation.  The  ferment 
appears  to  be  generated  by  the  action  of  the  dissolved  oxygen  of  the  water 
under  the  influence  of  the  charcoal  upon  the  vegetable  albumen  removed  by 
the  charcoal  from  the  sugar.  It  is  a  common,  but  very  mistaken  custom 
to  nse  the  char  washings  in  dissolving  fresh  sugar. 

With  respect  to  the  temperature  required  in   the    refining  process,    the 

liquor  in  the  blow-up  pans  should  be  run  off  at  180°  P.;  the  char  cisterns 

I   lie  at   loo0  ¥.,   and   never  below   150°;    and  the   water    used   for 

trashing  should  be  absolutely  boiling.      Tin-  minimum  quantity  of  water 

required  for  refining  100  tons  of  sugar  is  about  215  tons,  or  nearly  50,000 

.MS. 

Ukviviiving  or  the  Charcoal. — The  re-burning  of  the  charcoal  is 
effected  in  kilns,  which  consist  of  upright  cast-iron  pipes  arranged  in  rows. 
The  wet  charcoal  is  introduced  at  the  top,  and  sinks  down  as  from  time 
to  time  tho. portions  which  are  sufficiently  burned  are  drawn  off  at  the 
an.  The  flame  plays  directly  upon  the  pipes,  and  those  which  are 
nearest  to  it  receive  the  most  heat,  and  their  contents  must  be  exposed  to 
it  t'nr  a  proportionately  less  time — five  hours  being  sufficient  for  the  nearest 
row,  whereas  ten  hours  may  be  required  for  tbe  farthest.  It  is  a  great 
inisi  ike  n''l  to  dry  the  charcoal,  either  partially  or  completely,  before 
introducing  it  into  the  kilns,  as  the  wet  mass  hinders  the  escape  of  gases 
from  the  lower  port  ions,  and  much  heat  is  wasted  in  evaporation. 

Evaporation  oi  the  Liquok. — This  is  effected,  as  is  well  known,  in[tbe 
vacuum  pan-.  The  improvements  introduced  of  late  years  into  the  vacuum 
pans  consist  in  increasing  the  extent  of  heating  surface  and  the  quantity  of 
water  injected  into  tbe  condenser,  and  in  enlarging  the  neck  of  the  pan  to 
18  inches,  or  even  more.  A  good  sized  pan  is  10  or  12  feet  in  diameter, 
and  holds  about  20  tons  of  sugar  and  syrup.  The  boiling  down  occupies 
two  M  three  hours,  the  vacuum  averages  about  28  inches  and  the 
temperature  is  usually  about,  120°  F.  at  the  beginning,  and  about  l.'JO0  F. 
at  the  end  of  tbe  process.  The  solution  is  introduced  a  little  at  a  time, 
and  the  first  portion  is  boiled  until  a  "grain,"  consisting  of  almost  micro- 
scopic crystals  of  sugar,  forms,  and  these  increase  in  size  as  the  boiling 
proceeds,  until  at  the  finish  they  are  as  large  as  may  be  desired.  When 
targe,  distinct  crystals  are  required,  the  liquid  is  boiled  more  (.lowly  and 
at  a  higher  temperature,  and  when  the  pan  is  full,  onl>  one-half  of  the 
mti  is  drawn  off.  This  is  repeated  several  times,  the  crystals  becoming 
larger  every  time.  The  author  points  out  that  it  is  not  necessary  to 
increase  the  temperature,  but  only  to  diminish  the  rapidity  of  the  boiling, 
in  order  to  obtain  fine  crystals.  The  high  temperature  usuallj  employed 
for  the  production  of  In  ol«  only  serves  to  increase  the  quantity  of 

nncrystallisable  sugar  formed,  and  to  darken  the  c.,].,iir  of  i  In-  syrup. 

In  boiling  down  the  syrup  obtained  from  the  drai  lie  first  crop 

ofcr  tals,  less  care  is  required,  a    mall  grain  being  preferred  as  carrying 

lyrup.    Three  qualities  o<  usually  prepared  by  this  pro< 

viz.,  whites,  mediums,  and  yellows.  For  the  yellows,  the  syrup  is  evapor- 
ated as  a  "jelly,"  that  Is,  the  formation  of  grain  is  entirely  avoided,  and 
thejelh  is  left  for  several  days  to  crystallize,  hie  crystals  of  all  three 
kinds  are  separated  from  the  syrup  by  a  centrifugal  machine,  the  periphery 
of  which  travels  something  Like  LOO  miles  an  hour.  From  three  to  twenty 
minutes  me  occupied  in  the  drainage,  according  to  the  qn  ility  of  the  s^ar. 
The  whitest  crystals  are  sometimes  washed  with  a  little      !d  Water. 


LONDON  ASSOCIATION  OP  FOREMEN  ENGINEERS. 

Ox  Saturday  the  13th  of  February,  the  sixteenth  anniversary  of  the 
above  Association  was  celebrated  by  a  dinner  at  the  City  Terminus  Hotel, 
Cannon-street.  Joshua  Field  Esq.,  C.E.,  occupied  the  chair,  and  R. 
Moreland,  Esq.,  C.E.,  the  vice  chair.  The  members  and  guests  numbered 
nearly  200,  and  aimngst  the  company  present  we  observed  General  Lefroy, 
R.A.,  F.R.S.,  E.  J.  Reed,  Esq.,  C.B.,  Joseph  Whitwortb,  Esq.,  L.L.D.,  P.R.S. 
W.  Todd,  Esq.,  C.E.,  Robert  Mallet,  Esq.,  C.E.,  F.R.S.,  Frank  Ives 
Scudamore,  Esq.,  of  the  Post  office,  Henry  J.  Slack,  Esq.,  F.G.S.,  Captain 
Rintoul,  Edward  R.  Allfrey,  Esq.,  C.E.,  Edward  Humphry*,  Esq.,  C.E., 
John  Penn,  jun.,  Esq.,  Charles  Seidler,  Esq.,  John  R.  Ravenhill,  Esq.,  C.E., 
VV.  Smith,  Esq.,  C.E.,  James  Robertson,  Esq.,  V.  Pendrcd,  Esq.,  Passmore 
Edwards,  Esq.,  Dr.  Fennell,  J.  Walker,  Esq.,  Mr.  Newton,  of  the 
Mint,  &c. 

After  tbe  usual  loyal  toasts  the  Chairman  proposed  that  of  the  "  Army, 
Navy,  Militia,  and  Volunteers,"  which  was  responded  to  by  General 
Lefroy,  and  Mr.  E.  J.  Reed,  C.B.,  the  Chief  Constructor  of  the  Navy, 
Captain  Woncrietf,  who  was  also  to  have  responded,  being  absent  from 
illness.  The  report  of  the  secretary,  Mr.  D.  Walker,  was  then  read,  after 
which  "  Prosperity  to  the  Association"  was  proposed  by  the  Chairman, 
who  coupled  with  the  toast  the  name  of  its  indefatigable  president,  Mr. 
Joseph  Newton.  Mr.  Newton,  in  responding,  very  happily  referred  to  the 
relations  between  tbe  foremen  engineers  and  their  employers,  and  pointed 
out  the  good  feeling  and  perfect  understanding  which  existed  between 
them.  He  also  referred  to  the  satisfactory  condition  of  the  Association, 
which  was  due  in  some  respects  to  the  employers  as  well  as  to  the  members 
themselves. 

The  Association  was  founded  in  1852  by  a  few  zealous  and  intelligent 
foremen,  who  felt  that  the  class  to  which  they  belonged  occupied,  intel- 
lectually and  socially  an  isolated  and  unsatisfactory  position.  They, 
therefore,  at  once  proceeded  to  constitute  themselves  a  society.  They 
struggled  on  for  some  years,  and  having  weathered  the  storm,  the  London 
Association  of  Foremen  Engineers  is  now  in  vigorous  health.  Each  year 
witnesses  a  steady  accession  to  its  list  of  honorary  and  ordinary  members. 
The  first-named  class  comprises  some  of  the  most  eminent  employers  of 
engineering  labour  in  the  metropolis,  and  many  gentlemen  distinguished 
for  their  scientific  acquirements  and  high  social  position.  The  second  are 
drawn  from  the  ranks  of  foremen  and  draughtsmen  connected  with  the 
various  branches  of  the  engineering  trade,  and  who  are  only  eligible  after 
having  occupied  principal  posts  for  the  space  of  two  consecutive  years. 

Tiie  operations  of  the  Association  are  conducted  on  two  distinct  bases — 
tho  one  scientific  and  practical,  and  the  other  benevolent.  It  has  its 
monthly  meetings  for  the  discussion  of  practical  subjects,  its  library  of 
mechanical  works,  and  other  agencies  of  a  like  nature  tor  the  dissemination 
of  knowledge  useful  to  associates.  Upon  its  second  base — that  of  bene- 
volence— four  distinct  funds  have  been  established.  The  first  of  these  has 
reference  to  the  temporary  assistance  of  unemployed  members,  and  is  main- 
tained exclusively  by  the  annual  subscriptions  of  ordinary  associates.  The 
second,  for  the  payment  of  a  certain  sum  on  the  death  of  a  member,  is 
maintained  from  the  same  source.  The  third  fund  is  that  for  partially 
maintaining  old,  decayed,  and  worn-out  foremen,  who  have  been  members, 
and  who  are  unable  wholly  to  sustain  themselves.  This  is  known  as  the 
superannuation  fund,  and  it  is  almost  exclusively  the  creation  of  the 
employers  and  other  honorary  members  of  the  Association. 

Let  us  now  turn  to  its  present  position,  as  represented  in  the  following 
extracts  from  the  sixteenth  annual  report,  which  was  read  by  the  secretary 
upon  the  present  occasion.  That  document  records  a  continuance  of  the 
steady  progress  of  former  years;  while  the  established  features  of  the 
Association  have  worked  steadily  and  well,  new  ground  has  been  opened 
and  fresh  enterprise  entered  upon.  Ten  ordinary  and  seven  honorary 
members  have  been  added  during  the  year,  and  two  deaths  have  occurred, 
the  effective  number  being  1 0 1.  ordinary  and  07  honorary  members.  The 
income  of  the  past  year  was  jl;2j!I  los.  fid.,  whilst,  the  expenditure  was 
C2iil  I  is.  ltd.    These  figures  show  the  expenditure  I  i  have  been  B40  Is.  8d. 

in  excess  of  the  income,  the  effect  of  the  seven'    COmmeroial    panic,    which 

necessitated  payments  to  a  number  of  unemployed  members.  The  present 
value  of  ordinary  funds  invested  in   itook  Three   per  Cent.   Consols  is 

£of>  I    Is.  2d.;   there  is  in  the  savings'    hank    the    sum    of   £65,    and    in    the 

trea  Brer's  hands  £4  L8s.  9d.,  making  a  total  of  £434  2s.  lid.     A  widow 

and  Orphans'  fund  was  cstahlished  in  the  early  part  of  the  ]msI  year,  which 

has  not  progressed  quite  so  satisfactorily  as  could  have  been  wished.    To 
uperapnuation  fund  there  was  subscribed  6j   the  various  gentleman 

present  a  total  ot' .C'd")  M-.,  which,  with  subscriptions  previously  acknow- 
ledged, gives  a  grand  total  of  81,04 1.  Hi'.  2d.     We  arc  glad  to  ham  that 

this    liind,    with    the   accumulating    interest,    remains  intact,  no  application 

having  yet  been  made  for  the  benefit il  provides,  although  wben applicants 
do  come  forward,  tbe  amount  will  go  but  s  short  way  in  providing  for 
them)  as  the  interest— the  only  part  that  will  he  appropriated— would 
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suffice  for  but  two  at  the  rate  laid  down.  The  interest  in  the  proceedings 
of  the  monthly  meetings — of  which  abstracts  appear  in  our  columns — 
continues  to  increase,  and  they  are  found  to  improve  in  usefulness  as  the 
papers  become  more  practical  and  less  speculative ;  in  fact,  in  every 
department  of  this  Association  there  are  evident  tokens  of  advancement 
and  steady  progress,  which  must,  by  improving  the  intellectual  and  social 
condition  of  the  foremen  engineers,  act  beneficially  upon  the  interests  of 
the  employers  of  engineering  skilled  labour. 


INSTITUTION  OF  MECHANICAL    ENGINEERS. 

ON  AN  IMPROVED  CUPOLA  FOB,  IRON  FOUNDRIES. 
By.  Mr.  Jacob  Eichhoen. 

In  Cupola  furnaces  the  blast  enters  generally  either  through  tuyeres,  or 
through  horizontal  or  vertical  slits  at  the  sides  of  the  cupola  ;  but  a  dis- 
advantage attends  these  arrangements,  inasmuch  as  the  blast  being  too 
cold  at  the  beginning  to  combine  at  once  with  the  carbon  of  the  fuel,  must 


introdnced ;  and  when  sufficient  fuel  is  supplied,  the  point  of  greatest  heat 
will  be  situated  at  the  level  where  all  the  oxygen  in  the  blast  has  become 
carbonic  oxide.  It  is  fonnd  in  practice  that  the  range  of  level  of  this  point 
extends  over  several  feet,  according  to  the  quantity  of  fuel  used,  the  height 
being  generally  about  3ft.  above  the  level  of  the  tuyeres ;  but  in  the  cases 
mostly  met  with  in  foundries  there  is  not  a  sufficient  supply  of  fuel  close  to 
the  tuyeres  or  openings  where  the  blast  enters,  and  in  these  cases  therefore 
the  blast  does  not  meet  with  sufficient  fuel  for  complete  combustion  until 
it  arrives  at  the  upper  layers  of  the  fuel,  and  it  consequently  passes  the  hot 
metal  and  causes  it  to  be  burnt.  The  waste  upon  the  metal  put  into  the 
cupola  amounts  to  from  5  to  10  per  cent,  generally  in  these  furnaces  •  and 
the  rapid  burning  away  and  destruction  of  the  lining  extends  over  a  height 
of  5  to  6ft.  from  the  hearth.  Another  disadvantage,  resulting  from 
tha  necessarily  confined  space  occupied  by  the  tuyeres  or  blast  openings, 
is  that  the  blast,  being  thereby  concentrated,  acts  upon  the  carbon 
contained  in  the  iron,  and  consequently  deprives  the  iron  more  or  less  of 
its  fusibility. 

To  remove  these  advantages  of  the  ordinary  construction  of  cupolas,  a 
plan  has  been  devised  and  carried  out  successfully  by  Mr.  Henrv  Krigar  of 


FIG.I. 


first  be  diffused  through  the  fuel  before  it  can  burn,  and  the  greatest  heat 
is  therefore  produced  at  a  point  situated  above  the  tuyeres.  The  height  of 
this  point  various  with  the  respective  quantities  of  fuel  and  of  blast  that  are 


Hanover,  which  forms  the  subject  of  the  present  paper,  and  aims  at  the 
accomplishment  of  the  following  objects  : — to  concentrate  the  heat  in  the 
lower  part  of  the  cupola,  where  there  are  facilities  for  easily  repairing  the 
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furnace  lining,  and  to  render  the  action  of  the  cupola  uniform  throughout 
the  operation  of  melting;  to  give  the  hearth  such  a  size  that  the  column  of 
fuel  between  the  layer  of  melted  metal  and  the  level  where  the  blast  enters 
the  interior  of  the  furnace  may  vary  but  little  in  heigbt,  so  as  to  limit  the 
range  of  the  destructive  action  upon  the  furnace  lining;  and  to  ensure  the 
blast  being  taken  up  by  the  carbon  of  the  fuel  from  the  moment  of  its 
entering  the  furnace,  and  thereby  prevent  it  from  injuring  the  heated  metal 
by  oxidising  it. 

Fig.  3. 


The  construction  of  this  cupola  is  shown  in  Figs.  1  to  4,  Fig.  1  a  vertical 
section  from  front  to  back,  Fig.  2  a  vertical  section  from  side  to  side,  and 
Figs.  3  and  4  are  sectional  plans  at  different  levels. 

The  vertical  shaft  A  A  of  the  cupola  is  made  rectangular  in  form,  either 
square  or  oblong,  as  shown  in  the  plan,  Fig.  3,  and  parallel  or  with  very 
little  taper  in  heigbt,  so  as  to  avoid  any  prominent  part  upon  which  the 
flame  could  strike,  and  which  would  be  exposed  to  rapid  destruction.  A 
backing  of  sand  is  used  behind  the  brickwork  to  concentrate  the  heat  in 
the  cupola.  The  shaft  A  is  supported  at  front  and  back  by  arches  B  B  over 
the  lower  chamber  C  C  ;  and  at  the  sides  of  this  chamber  is  also  a  backing 
of  sand,  as  shown  in  Fig.  2,  to  keep  the  heat  in.  Over  this  backing  and 
round  the  bottom  of  the  shaft  A  runs  the  air  passage  D  D,  into  which  the 
blast  is  delivered  from  the  two  air  mains  E  E  ;  and  the  blast  entering 
through  this  passage  cools  the  brickwork  of  the  cupola,  and  becomes  heated 
itself;  it  then  passes  down  into  the  melting  chamber  C  C  through  the  two 

Fi<*.  4. 


long  slots  I'  F  in  the  roof,  one  nt  the  front  and  the  other  at  the  back,  exten- 
ding  the  whole  breadth  of  the  hearth,  as  shown  in  tin-  plant,  Figs.  3  and  4. 
These  slot-,  are  c  instructed  by  leaving  n  space  of  4Ain.  width  between  the 
r  arches  O  O,  Fig.  1,  and  the  inner  arches  B  B  that  carry  tin  shaft  A  \ 
length  of  the  hearth  11  from  front  to  back  is  consequently  D  ade 
greater  than  the  breadth.  The  Iront  of  the  cupola  is  closed  by  an  Iron  door 
K  on  hinges,  extending  the  whole  breadth  of  the  hearth;  and  a  smallei 
door  I,  is  placed  at  the  hack,  to  facilitate  the  drawingof  the  cupola  by  in- 
••  rthlg  a  rake  at  the  back  ;  by  this  means  the  drawing  of  the  cupola  can  be 
accomplished  regularly  within  3  or  1-  minutes. 


For  starting  the  cupola,  about  1  to  It  cwt.  of  coke  is  placed  on  shavings 
or  some  burning  coke  upon  the  hearth,  and  more  is  added  by  degrees  from 
the  front  door,  until  all  the  coke  intended  for  the  first  filling  is  put  in. 
The  door  K  is  then  closed,  being  first  wetted  on  the  inside  ;  and  the 
tapping  hole  J  is  formed  as  usual  by  placing  clay  round  a  wetted  stick. 
The  whole  height  of  the  door  is  then  plastered  on  the  inside  with  a  mix- 
ture of  clay  and  sand,  the  door  being  set  forwards  about  5  in.  in  front  of 
the  breast  of  the  furnace,  to  allow  space  enough  at  top  for  the  furnace  man 
to  get  his  arm  in  for  lining  the  door ;  and  the  space  at  top  is  afterwards 
closed  with  bricks.  This  mode  of  closing  is  adopted  for  cupolas  working 
with  a  pressure  of  blast  of  from  4  to  7  in.  of  water ;  but  where  the  blast 
is  stronger  a  wall  is  first  built  up  inside  the  melting  chamber  C  and 
wetted ;  and  the  door  being  shut  and  secured  with  wedges,  the  space 
between  the  door  and  the  wall  of  coke  is  then  filled  with  foundry  sund 
rammed  in. 

The  amount  of  filling  that  is  put  in  for  starting  the  cupola  varies  with 
the  size  of  the  cupola  and  the  quantity  of  melted  metal  that  the  hearth  is 
intended  to  contain  at  once  ;  but  the  amount  is  always  much  less  than  is 
usually  employed  in  other  cupolas.  One  of  the  new  cupolas  capable  of 
melting  3  tons  of  iron  per  hour  requires  a  filling  of  2J  cwts.  of  coke  for 
starting  it,  or  3J  cwts.  when  it  is  intended  to  keep  the  whole  of  the 
melted  metal  in  the  hearth,  to  be  tapped  all  at  once.  Upon  this  filling  a 
charge  of  8  cwts.  of  iron  is  added  from  the  top  of  the  cupola  shaft,  and 
then  about  \  cwt.  of  coke;  and  again  a  charge  of  S  cwts.  of  iron  followed 
by  i  cwt.  of  coke  ;  and  the  same  in  succession  until  the  whole  charge  is 
put  in,  filling  up  the  shaft  A  to  the  top,  as  shown  in  Fig.  1.  After  the 
casting,  a  certain  quantity  of  the  coke  is  drawn  out  uuconsumed.  The 
average  quantity  of  coke  consumed  is  1$  cwt.  or  IBS  lbs.  per  ton  of  iron 
melted,  when  only  3  tons  are  melted  in  each  charge;  and  the  consump- 
tion is  147  lbs.  per  ton  when  chargos  of  G  tons  are  melted;  and  140  lbs. 
per  ton  with  heavier  charges. 

The  metal  melted  in  this  cupola  is  found  to  be  very  fluid  ;  and  indeed  so 
fluid  that,  in  the  cases  where  in  an  ordinary  cupola  seldom  more  than  one 
half  of  cast-iron  scrap  is  used,  this  cupola  bears  under  the  same  circum- 
stances the  addition  of  fully  three  quarters  of  scrap.  At  the  same  time 
the  softness  of  the  metal  is  retained ;  or,  as  it  is  commonly  termed,  the 
metal  is  clean.  If  the  cupola  be  allowed  to  stand  without  blast  for  one 
hour  afcer  the  filling  is  completed,  and  the  blast  be  then  turned  on,  the 
metal  begins  to  run  down  to  the  tapping  hole  six  minutes  afterwards  :  but 
if  the  blast  be  admitted  immediately  on  completion  of  the  filling,  without 
allowing  the  cupola  to  stand,  the  metal  may  be  made  to  run  from  the 
tapping  hole  within  one  hour  from  the  time  that  the  cupola  was  empty 
before  the  tilling  commenced. 

This  cupola  has  the  advantage  of  allowing  the  whole  of  the  metal 
melted  during  one  hour  to  be  retained  in  the  hearth  ;  this  result  however 
is  not  obtained  by  increasing  the  height  from  the  bottom  of  the  hearth  to 
the  crown  of  the  arches  carrying  the  shaft,  but  by  increasing  the  length 
of  the  hearth  from  front  to  back,  as  shown  in  the  longitudinal  section, 
Fig.  1.  If  the  height  from  the  bottom  of  the  hearth  to  the  arches  is  made 
too  great,  the  metal  loses  the  great  fluidity  that  distinguishes  the  working 
of  tnis  cupola.  The  height  from  the  tapping  hole  J  to  the  charging  open- 
ing at  top  of  the  shaft  A  is  from  13  to  14ft.  As  the  construction  of  tin' 
cupola  causes  it  to  work  hotter  than  ordinary  cupolas,  it  requires  a  smaller 
area  of  shaft  than  an  ordinary  cupola  for  the  same  blast  and  yield,  the 
reduction  being  in  the  proportion  of  about  3  to  7;  any  existing  Cupola 
shaft  can  there  fore  be  altered  to  this  plan,  and  will  still  yield  more  metal 
than  before  in  the  same  time. 

The  quantity  of  blast  required  is  30  cubic  feet  per  second,  reduced  to 
the  pressure  of  the  atmosphere,  for  each  ton  of  iron  incited  per  hour. 
The  pressure  of  the  blast  used  may  he  as  low  as  4  to  5  in.,  but  a  pressure 
of  8  or  9  in.  is  generally  adopted.  Whether  this  or  a  still  higher 
pressure  is  used,  no  farther  economy  of  fuel  is  obtained,  but  only  a 
greater  quantity  of  metal  is  melted  down  in  the  same  time  by  the  same 
furnace. 

With  regard  to  the  wear  and  tear  of  the  cupola,  the  lower  part  of'  the 
shaft  A  is  exposed  to  the  greatest  destruction,  but  that  i<  the  only  portion 
which  sutlers  moro  than  the  lining  of  an  ordinary  cupola,  and  it.  [1  easil] 
accessible  for  repair'.  The  coke  falling  from  the  shaft  into  the  melting 
chamber  CC,  fig,  I,  stands  there  in  a  heap,  upon  which  t  In'  hla-l  nuhci 
thrODgb  the  two  transverse  slots    K    F    in    the  toot;   and  the  heat,  fiom  the 

burning  fuel  being  radiated  into  the  air  passages    l>  I),  the  l>la»t  i mm 

prepared  for  combining  rapidly  with  the  carbon  of  the  fuel,  before  it  Inn 

an  opportunity  of    coming   in    contact   w  ith  the  melting  metal  an  i 

i:  by  oxidation]  and  the  action  of  the  blast  Is  finished,  as  mnj  lie  judged 
from  the  appearance  of  these  oupolss,  at  a  level  ofpnly  al t  if  inches 

shove  the  crown  of  the  a  relics  It  I'..       I'll  is  corresponds  t  i  the  portion  Of  the 

copola  that  requires  to  be  renewed  about  everj  three  to  four  months  j  and 
n  small  arched  iron  liar  of  2  to  :t  inches  width,  remaining  constantly  in 
place  in  each  arob  B,  allows  of  the  arohes  being  readilj  replaced  at  an\ 
time  «  ithont  the  introduction  of  t  entering.    The  ibaft  A    offers  i  erv  little 
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wear  itself,  and  after  six  months'  work  it  can  only  be  said  that  the  bricks 
are  strongly  glazed.  When  the  arches  B  B  are  replaced  every  three  to 
four  months,  the  face  only  requires  patching  or  plastering  tip  once  or  at 
most  twice  a  week;  and  only  about  half  or  little  more  of  the  repairing 
material  is  required  that  would  be  necessary  in  an  ordinary  cupola.  The 
total  cost  of  wear  and  tear  therefore  does  not  at  most  exceed  that  of  the 
ordinary  cupolas,  while  there  is  less  trouble  in  keeping  the  improved 
cupola  in  repair. 

With  regard  to  economy  of  metal,  the  results  of  the  working  of  this 
cupola  are  f'ouud  to  be  that  in  melting  pig  iron,  such  as  Calder  No.  1,  the 
loss  amounts  to  3'4  per  cent,  on  the  metal  weighed  in  ;  and  when  mixed 
with  three-fourths  of  railway-chair  scrap,  the  loss  ouly  2.2  per  cent. 


MANCHESTER  ASSOCIATION  FOR  THE  PREVENTION  OF 
STEAM  BOILER  EXPLOSIONS. 

(Continued  f 7 om  page  39). 

"No.  41  Explosion,  which  was  of  a  very  disastrous  character,  as  many 
as  ten  persons  being  injured,  two  of  them  fatally,  was  briefly  referred  to 
in  last  month's  report,  but  at  that  time  full  details  had  not  been  obtained, 
as  the  Association's  inspector  found  the  boiler  so  buried  in  the  debris  that 
complete  examination  was  impossible.  He  ha?,  however,  since  then  made 
another  visit  to  the  scene  of  the  catastrophe  so  that  fuller  particulars 
can  now  be  given. 

"This  explosion  occurred  at  about  half-past  two  o'clock  on  the  after- 
noon of  Friday,  October  30th,  on  the  premises  of  a  steam-sawyer  who 
carried  on  his  business  in  the  basement  of  a  two-storied  building,  the 
upper  part  of  which  was  occupied  by  glass-cutters  and  turners,  to  whom 
he  supplied  steam  power.  The  building,  which  was  situated  in  a  thickly 
populated  district  and  hedged  in  with  houses  all  round,  was  a  little  hive  of 
industry,  20  workpeople  being  engaged  in  it. 

"  On  the  occurrence  of  the  explosion  the  boiler  was  driven  through  a 
nine-inch  wall,  and  thrown  against  another  boiler  in  an  adjoining  building 
at  work  with  steam  up.  Had  the  blow  been  a  little  more  severe,  explosion 
would  have  spread  from  boiler  to  boiler,  and  the  general  havoc  been  still 
greater.  As  it  was,  the  building  overhead  was  brought  to  the  ground, 
burying  the  workpeople  in  the  ruins,  ten  of  whom,  as  already  stated,  were 
injured,  two  of  them  dying  shortly  afterwards,  while  the  fireman,  who  was 
also  among  the  number  injured,  was  severely  scalded,  though  not  fatally 
so  ;  in  addition  to  which,  a  neighbouring  building  was  set  on  fire  which 
added  to  the  disaster. 

"  The  boiler  was  of  the  Cornish  type,  having  a  single  furnace  tube  run- 
ning through  it  from  end  to  end,  in  which  the  fire  was  placed.  Its  length 
was  16fc.  9in.,  and  its  dkmeter  in  the  external  shell  4ft.  llin.,  while  the 
furnace  tube,  Vhich  was  oval  for  a  length  of  6ffc.  at  the  front  end,  mea- 
sured 2ft.  llfin.  horizontally,  and  2ft.  6jin.  vertically,  the  remainder 
being  circular,  and  having  a  diameter  of  2ft.  The  thickness  of  the  plates 
was  three-eighths  of  an  inch  in  the  external  shell,  and  five-sixteenths  in 
the  oval  furnace,  while  it  was  five-sixteenths  and  three-eighths  of  an  inch  in 
the  flue  tube.  The  boiler  was  fitted  with  two  safety-valves  of  open  lever 
construction,  weighted  to  a  pressure  of  651bs.  per  square  inch ;  but  there 
were  no  glass  gauges  or  gauge  taps,  the  height  of  the  water  being  indi- 
cated merely  by  an  ordinary  stone  float.  It  should  be  added  that  the 
furnace  tube,  though  of  so  weak  a  shape  and  made  of  such  light  plates, 
was  not  strengthened  either  with  flanged  seams  or  encircling  hoops,  so 
that  it  was  quite  unfit  to  be  worked  at  so  high  a  pressure  as  that  to  which 
the  safety  valves  were  loaded,  beside  which  the  boiler  was  an  old  one,  and 
had  been  purchased  second-hand  by  its  last  owner,  while  one  of  the  wit- 
nesses stated  at  the  inquest  that  he  had  known  it  for  25  years,  and  it 
transpired  in  the  evidence  of  the  fireman  that  the  boiler  had  been  repaired 
two  or  three  times  during  the  last  six  months,  and  on  one  occasion  but 
two  or  three  days  before  the  explosion  occurred. 

"After  this  description  of  the  boiler,  it  will  not  be  thought  surprising 
that  it  should  have  failed  in  the  internal  furnace  tube,  which  collapsed 
almost  from  one  end  to  the  other.  This  case  of  collapse,  however,  was  by 
no  means  an  ordinary  one,  and  deserves  minute  description,  as  much  dis- 
cussion has  been  founded  upon  it  with  regard  to  the  cause  of  the  explosion. 
It  is  difficult,  however,  to  make  it  plain  by  description  alone  ;  but  it  may 
be  stated  that  the  collapse  was  a  vertical  one,  the  top  of  the  tube  being 
driven  downwards  and  the  bottom  upwards  until  they  met  one  another,  or 
nearly  so  at  a  few  feet  from  the  back  end,  while  the  upheaving  of  the 
ashpit  lifted  the  firebridge  till  it  was  brought  into  contact  with  the  furnace 
crown,  and  thus  arrested  the  progress  of  the  collapse,  so  that  the  crown 
for  a  length  of  about  6ft.  from  the  front  end  retained  its  shape  unaltered. 
It  is  important  to  observe  that,  contrary  to  general  experience,  the  force  of 
the  collapse  was  rather  upwards  than  downwards,  the  lower  part  of  the 
tube  being  driven  upwards  from  end  to  end,  while   on  the  top,  the  part 


only  behind  the  firebridge  was  affected,  the  remainder  immediately  over 
the  fire,  as  already  stated,  being  unmoved.  The  flue  tube,  in  addition  to 
being  collapsed,  was  rent  longitudinally  on  each  side  of  the  flattened  part, 
and  also  at  its  attachment  to  the  front  end  plate  at  the  bottom  of  the  ash- 
pit, the  rent  running  through  14  consecutive  rivet  holes,  while  the  plate 
was  forced  upwards  to  within  8in.  of  the  furnace  crown,  thus  leaving  a 
large  opening  through  which  a  torrent  of  steam  and  hot  water  rushed 
out,  scalding  the  workpeople  and  hurling  the  firebars  on  to  some 
of  the  adjoining  buildings,  while  the  boiler  was  driven  backwards  from  the 
re-action. 

_  "The  cause  of  the  explosion  excited  a  good  deal  of  interest  and  discus- 
sion. Two  inquests  were  held  by  different  coroners,  one  of  whom  applied 
to  the  Home  Secretary  for  engineering  aid,  and  received  the  assistance  of 
of  a  surveyor  to  the  Board  of  Trade,  who  has  held  the  position  of  chief 
engineer  in  Her  Majesty's  navy.  The  other  coroner  also  availed  himself  of 
the  assistance  of  a  scientific  witness,  and  this  gentleman,  after  examining 
the  boiler,  reported  that  he  considered  the  upper  part  of  the  flue  had  been 
red  hot,  and  that  the  disaster  was  due  to  the  water  supply  being  allowed 
to  get  too  low  in  the  boibr.  At  the  other  inquest,  the  surveyor  to  she 
Board  of  Trade  attributed  the  explosion  simply  to  pressure  of  steam,  con- 
sidering the  boiler,  on  account  of  its  age  and 'the  defective  construction  of 
the  flue  tube,  to  have  been  unfit  for  a  pressure  nearly  as  high  as  that  at 
which  it  was  worked.  He  considered  that  the  pressure  should  not  have 
exceeded  301bs.,  and  that  the  boiler  had  been  working  on  in  danger  for 
sometime.  At  the  close  of  each  inquiry,  the  juries  returned  a  verdict  of 
'Accidental  death,' but  in  the  one  last  referred  to,  censured  the  boiler 
owner  for  "  employing  incompetent  persons  to  work  the  boiler  as  he  was 
not  qualified  himself.'  Other  engineers  have  visited  the  scene  of  the  catas- 
trophe, and  favoured  me  with  the  result  of  their  investigations,  which 
coincide  with  the  view  that  the  explosion  did  not  result  from  shortness  of 
water,  but  from  the  weakness  of  the  boiler  and  its  utter  insufficiency  for 
the  pressure  at  which  it  was  worked.  Added  to  this,  an  officer  of  this 
Association,  as  already  stated,  has  fully  examined  the  exploded  boiler,  so 
that  the  cause  of  few  explosions  has  been  more  fully  investigated  than  the 
one  in  question. 

"  After  carefully  considering  the  views  of  the  scientific  witness  who 
attributed  the  explosion  to  shortness  of  water,  and  reading  over  his  report, 
with  a  copy  of  which  he  has  kindly  furnished  me,  I  feel  constrained  to 
differ  from  him  for  the  following  reasons.  "When  explosions  arise  from 
shortness  of  water,  the  plates  over  the  fire  are  the  first  to  be  affected,  and 
the  scale,  should  there  be  any,  is  cracked  off  from  the  surface  of  the 
plates.  In  this  case,  however,  the  plates  over  the  fire  remain  uninjured, 
while  the  scale  adhered  to  them  as  tenciously  as  ever.  The  furnace  tube, 
it  should  be  stated,  tapered  down  just  behind  the  firebridge,  so  that  the 
crown  of  the  furnace  was  Sin.  above  the  top  of  the  flue  tube,  and  thus 
would  be  the  part  first  to  be  laid  bare  by  shortness  of  water,  and  first  to 
suffer  by  the  overheating,  whereas  it  was  the  flue  tube  that  was  injured, 
and  not  the  furnace  tube.  Added  to  this,  when  collapse  arises  from  short- 
ness of  water,  if  not  confined  to  the  upper  part  of  the  furnace  tube,  it  is  at 
all  events  most  severely  developed  there,  whereas  in  this  case  the  lower 
part  of  the  tube  was  more  severely  collapsed  than  the  top.  The  furnace 
tube,  6in.  oval,  was  of  a  very  weak  shape,  while  it  appears  that  at  the 
bottom  of  the  ashpit,  where  one  of  the  rents  took  place,  repairs  had  been 
effected  but  a  couple  of  days  before  the  explosion,  and  there  is  little  ques- 
tion that  the  rent  at  this  part  was  the  primary  one,  in  consequence  of 
which  the  bottom  of  the  weak  oval-shaped  furnace  flue  was  upheaved  and 
that  this  started  the  upward  collapse  which  worked  its  way  along  the  tube 
to  the  back  of  the  boiler,  and,  destroying  the  circular  shape  of  the  flue,  led 
to  the  down  collapse  of  the  crown,  which  would  have  extended  throughout 
the  entire  length  of  the  boiler  had  not  the  firebridge,  raised  by  the  up- 
heaving of  the  ashpit,  formed  a  support  for  the  furnace  crown,  and  thus 
arrested  the  collapse.  Thus  the  origin  of  the  collapse  was  the  rent  just 
where  the  boiler  had  been  recently  repaired  at  the  bottom  of  the  ashpit, 
and  the  explosion  is  attributed,  not  to  shortness  of  water  through 
the  neglect  of  the  attendant,  but  to  the  malconstruction  of  the 
boiler,  which  rendered  it  totally  unfit  for  the  pressure  at  which  it  was 
worked. 

"  Economises,  Explosion. 

"Another  feed  water  heater  or  economiser  has  exploded,  which  makes 
the  third  that  has  recently  failed  in  this  way^  This  is  something  quite 
novel  and  surprising,  as  this  apparatus  had  previously  been  considered  as 
incapable  of  explosion.  Since  these  economisers  prove  cf  so  much  service, 
and  are  so  generally  adopted,  the  question  of  their  safety  is  one  of  general 
importance. 

"The  explosion  referred  to  occurred  in  France,  on  Saturday,  December 
26th,  and  by  it  three  persons  were  killed  and  others  injured.  The  dis- 
tance from  Manchester  at  which  this  took  place,  combined  with  the  pressure 
of  other  duties,  prevented  a  personal  examination,  which  would  otherwise 
have   been  made    on   account  of  the  importance  of  the   question,  but  I 
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expect  shortly  to  be  in  possession  of  the  details,  which  shall  be  reported  as 
soon  as  possible  to  the  members. 

"In  the  meantime,  the  suggestions  given  in  the  Report  for  October  last, 
when  referring  to  the  recent  economiser  explosion,  may  be  repeated,  viz., 
that  the  members  should  adopt  the  following  precautions  for  guarding 
themselves  against  similar  disaster,  whether  from  steam  or  gas.  In  the 
first  place  the  safety-valves  on  the  econoniisers  should  be  at  once  examined 
to  see  whether  they  are  working  order,  while  it  may  be  pointed  out  that  a 
safety-valve  of  external  dead  weight  pendulous  construction,  without  wing 
or  spindle,  similar  to  those  in  use  on  many  of  the  members'  boilers,  is  less 
likely  to  become  gagged  by  incrustation  than  the  ordinary  lever  safety- 
valves  boxed  in  out  of  sight,  which  are  generally  used,  while  in  the  second 
place  the  flues  should  be  examined  to  see  that  there  are  no  vuid  chambers 
in  which  gas  can  aceumnlate,  and  care  should  be  taken  when  either  the 
economiser  or  bye-flue  is  shut  off,  that  the  damper  at  the  entrance  be  closed 
as  well  as  that  at  the  chimney. 

"  Smoke  Pretention. 

"  As  stated  in  last  month's  report,  the  attention  called  to  the  subject  of 
smoke  prevention  by  the  late  experiments  conducted  on  this  subject  at 
Wigan  by  the  South  Lancashire  and  Cheshire  coal  owners,  has  led  this 
Association  to  add  to  its  staff  the  trained  stoker  who  was  engaged  through- 
out the  whole  of  the  experiments  just  referred  to,  the  object  being  that  he 
might  visit  the  works  of  the  members,  and  assist  taeir  stokers  in  intro- 
ducing a  more  smokeless  system  of  firing.  He  has  now  been  engaged  in 
this  way  for  about  three  months,  and  the  following  table  may  be  of 
interest  as  showing  the  results  arrived  at : — 

Smoke  Prevention  Return  from  Sept.  7th  to  Dec.  31st,  1868. 
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table  it  will  be  seen  thai  iket  hai 

d  18  of  the  meml  ei  •'  •■■■■  ■■■!.  and  operated  upon  68  boilei ..  consaming 
per  week  1,085  tons  in  the  grots,  andon  an  average,  17;  tons  per  boiler; 
while  the  mean  rate  of  combustion  p  !,.„„■ 

has   1     -I    I8|1bs.     Under  theke  conditions   the  average  result,  lms  been 
realized  of  about  12]  minntei  of  verj  lighl  itnbke,  2\  minutes  ol   brown, 
one-third ofa  minute  of  blaoli  p  r  hour,  which  is  certainly  eery  mnefa 
below  the  aiii'imit  emitted  from  ebinmi  j  1  generally,    The  oondi 
which  the  trials  were  made  were  not  by  any  meana  the  most  ravourabl 


success.  In  some  cases  the  doors  had  no  perforations,  in  many  the  area  was 
too  limited,  while  some  of  the  fire  grates  were  7tt.  in  length,  wliicli  is  too 
long.  While  no  doubt  more  remains  to  be  done  to  complete  this  movement, 
yet  it  has  been  seen  that  much  can  be  accomplished  by  careful  firing  alone, 
coupled  with  the  admission  of  a  little  air  at  the  fire  door,  which  shows  the 
importance  of  having  all  fire  doors  fitted  with  suitable  sliding  grids  on  the 
outside,  and  perforated  box  baffle-plates  on  the  inside. 

"It has  been  found  impossible  to  give  this  subject  anything  beyond  the 
briefest  notice  on  the  present  occasion,  yet  it  is  trusted  the  particulars  given 
will  be  found  of  interest. 

"  In  concluding  this  Report,  the  last  of  the  series  for  18CS,  it  is  satisfac- 
tory to  be  in  a  position  again  to  state  that  no  explosion  has  occurred  to 
any  of  the  boilers  under  the  charge  of  this  Association  during  the  year, 
while  to  this  it  inav  be  added  that  no  boiler  has  ever  exploded  which  this 
Association  has  guaranteed.  This  fact,  it  is  thought,  says  much  for  the 
soundness  of  independent  boiler  inspection,  and  it  is  confidently  trusted 
that  the  same  return  may  be  annually  made  if  the  members  will  but  co- 
operate with  the  officers  of  the  Association  by  accepting  the  suggestions 
made  for  their  safety,  as  well  as  by  affording  facilities  for  the  examination 
of  their  boilers,  and  intrusting  them  to  the  charge  of  ordinary  competent 
men. 

"  The  principle  adopted  by  this  Association  is  that  of  the  most  liberal 
inspection,  and  no  boiler  is  guaranteed  unless  on  a  satisfactory  annual 
examination,  made  when  at  rest,  internally  as  well  as  in  the  fines.  T  1 
accomplish  this  with  so  many  boilers,  and,  at  the  same  time,  to  make  the 
examinations  when  the  boilers  can  be  best  laid  off,  so  as  not  to  incon- 
venience the  members,  is  by  no  means  an  easy  matter,  and  has  only  been 
accomplished  by  making  the  utmost  use  of  general  boli  lays,  as  well  as  1 
local  wakes,  and  other  times  of  stoppage;  and  the  Association  would  feel 
obliged  to  those  members  who  cannot  lay  off  their  boilers  at  the  ordinary 
periodical  visits  for  '  entire '  examinations,  if  they  would  avail  themselves, 
as  far  as  possible,  of  their  own  local  holidays,  rather  than  of  the  general 
ones,  such  as  Christmas.  Easter,  and  Whit-week,  when  there  is  a  complete 
ran  upon  the  office  for  special  visits.  To  meet  these  demands  at  all,  it  Ins 
been  found  necessary  at  such  times  to  lay  aside  all  the  other  duties  of  the 
Association,  and  for  the  whole  staff  to  turn  out  as  inspectors,  lu  this  way 
the  number  of  '  entire  '  examinations  for  the  past  month,  returned  at  the 
commencement  of  this  report,  viz.  : — 204  were  accomplished,  a  considerable 
portion  of  them  being  made  at  the  Christmas  holidays,  while  similar 
advantage  was  taken  of  the  stoppage  of  the  works  in  New  Xear's  week, 
the  return  of  which,  however,  does  not  appear  in  the  present  report.  The 
total  number  of 'entire'  examinations  during  the  past  year  has  been  2,0ti0, 
which  is  the  very  highest  point  ever  attained  since,  the  formation  of  the 
Association,  while  as  nearly  as  may  be  one  out  of  every  three  examinations 
has  been  an  '  entire,'  which  is  the  proporti  >n  desired.  This  remit  has  been 
attained  as  will  be  readily  understood  at  a  considerable  cost,  but  it  has 
been  thought  better  to  expend  the  funds  of  the  Association  rather  on  care- 
ful examinations  than  in  the  payment  of  compensation.  Competent  in- 
spection is  found  by  experience  to  be  a  most  expensive  article,  much  more 
so  than  compensation,  so  that  it  would  be  to  the  advantage  of  the  Asa  >oia- 
t ion's  exchequer  to  reduce  its  stall'  of  inspectors,  and  carry  a  portion 
of  the  balance  to  the  credit  of  the  compensation  fund,  were  not  the 
fundamental  principle  of  the  Association  the  prevention  of  explosions,  an  I 
the  saving  of  human  life. 

"  While  no  explosion  has  occurred  daring  the  pael  year  bo  any  boiler 
enrolled  with  this  Association,  45  have  occured  outside  its  ranks  in 
different  parts  of  the  country,  by  which  117  persons  have  been  injured.  7.7 
of  them  fatally.  In  32  cases  the  scene  ofthu  catastrophe  lias  been  visited 
and  a   careful    investigation    made    by   officers  of  this  Association,  while  the 

particulars  of  6  others  have  been  kindly  supplied  by  engineers  residing  in 
the  neighbourhood  in  which  the  explosions  occurred,  who  have  forwarded 
me  sketches  and  details;  while  the  remaining  8  were  either  unimportant, 
or  occurred  at  so  great  a  distance  from  Manchester  as  to  render 
1  v  i-.it  inconsistent  with  a  die  regard  to  tho  other  duties  of  the  Ul 
tion. 

"  lu  too  many  cases  during  the  past  year  the  investigations   C  I    I 
by  coroners  inconsi  queoceof  boiler  explosions  hav  1  been  most  unsatisficl 
and  but  little  light   has  been  thrown  on  the  true  cause  of  the  disasters,  and 

tore  typed  verdict  of 'accidental  death'  has  been  given  in  aim 
case,  which  Iris  at  least  failed  to  stiinul.ii.'  any  preventive  met 
has  not  actually  hindered  them.     Deaths  from  boiler  6xp 
aci  id.  hi  1]   legally,  but  they  are  not    so   meobanically.     The  invi 

ributing  almo  I 
water,  through  the  neglect  of  the  attendants,  though  too  frequently   tho 
poor  fellows  have  been  victimised  bj  working  bad  boilors,  the  oflapriu 
bungling  boiler  1  important 

ipowered  in  all  caaes  to  call  Id  compi  1  ant  1 1 

that  a  searching  examination  ahould  be  made  > 

truth  plainly  spoken.     Were  the  prei  I  in 

this  way  with  faithful  particulars,  and  those  who  lead 
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their  workpeople  by  the  use  of  bad  boilers,  brought  to  the  bar  of  public 
opinion,  it  is  thought  such  a  step  would  of  itself  do  much  toward  the  pre- 
vention of  steam-boiler  explosions  which  now  recur  on  an  average  at  the 
rate  of  one  per  week,  and  destroy  from  60  to  70  lives  per  annum.  The 
experience  of  the  past  year  suggests  as  a  corrective  for  boiler  explosions, 
investigation  and  exposure." 


CHIEF  ENGINEER'S  MONTHLY  REPORT. 

The  ordinary  monthly  meeting  of  the  executive  committee  of  this  asso- 
ciation was  held  at  the  offices,  41,  Corporation -street,  Manchester,  on  Tuesday, 
January  26th,  1869,  William  Fairbairn,  Esq.,  C.E.,  F.R.S.,  LL.D.,  President,  in 
the  chair,  when  Mr.  L.  E.  Fletcher,  chief  engineer,  presented  his  report,  of 
which  the*  following  is  an  abstract : — 

During  the  past  month  116  visits  of  inspection  have  been  made,  and  276 
boilers  examined,  142  externally,  7  internally,  3  in  the  flues,  and  124  entirely, 
while,  in  addition,  5  have  been  tested  by  hydraulic  pressure.  Iu  these  boilers 
98  defects  have  been  discovered,  9  of  them  being  dangerous. 

Tabular  Statement  of  Defects,  Omissions,  &c. 

Met  with  in  the   Boilers   examined  from  January  1st,  1869,  to  January  22nd, 
1869,  inclusive. 


Description. 


Defects  in  Boiler. 

Furnaces  out  of  Shape    

Fracture  

Blistered  Plates  

Corrosion — Internal   

Ditto        External  

Grooving — Internal    

Ditto         External   

Total  Number  of  Defects  in  Boiler 


Defective  Fittings. 

Feed  Apparatus  out  of  order 

Water  Gauges  ditto    

Blow-out  Apparatus  ditto     

Fusible  Plugs  ditto     

Safety  Valves  ditto     

Pressure  Gauges        ditto     

Total  Number  of  Defective  Fittings  ... 


Omissions. 

Boilers  without  Glass  Water  Gauges  

Ditto  Safety  Valves 

Ditto  Pressure  Gauges 

Ditto  Blow-out  Apparatus  

Ditto  Feed  back  pressure  valves 

Total  Number  of  Omissions    

Cases  of  Over  Pressure  

Cases  of  Deficiency  of  Water    

Gross  Total    


Number  of  Cases  met  with. 

Dangerous. 

Ordinary. 

Total. 

1 

2 

3 

2 

14 

16 

11 

11 

1 

13 

14 

2 

18 

20 

9 

9 

6 

67 

73 

21 


21 


"  Several  instances  of  internal  corrosion  were  met  with,  and  it  may  be 
pointed  out  that  where  this  action  is  going  on,  it  is  very  important  to  have 
the  heads  of  the  rivets,  as  well  as  the  edges  of  the  overlaps,  well  soundad 
with  a  hammer,  as  they  are  often  treacherously  rotten,  while  they  appear 
to  the  eye  to  be  only  a  little  wasted. 

"  Several  cases  were  met  with  in  which  boilers  were  corroded  externally, 
just  under  the  bottom  of  the  shell,  and  at  the  front  end,  in  consequence  of 
slacking  the  ashes  in  front  of  the  boilers,  and  it  is  recommended,  in  order 
to  give  as  little  room  for  the  corrosion  to  harbour  has  possible,  that  the 
cross  wall  at  the  front  of  the  bottom  flue  should  not  be  more  than  4J  or 
9  inches  in  thickness,  while  it  would  be  well  to  have  this  removed — which 
could  be  done  with  but  little  expense — in  preparation  for  the  annual  entire 
examination.  Also  this  wall  should,  in  all  cases,  be  recessed,  so  as  to  pass 
behind  the  hbw-out  elbow  pipe. 

"  One  boiler  just  enrolled  with  this  Association  was  found  on  its  first 
examination  to  be  corroded  all  the  way  along  the  midfeather  wall  on  which 
it  was  set,  and  so  severely  reduced  in  one  part  as  to  be  only  one  thirty- 
second  of  an  inch  thick,  so  that  the  inspector  readily  pushed  a  chisel 
through  it. 

"  One  instance  of  a  most  defective  set  of  fittings  was  met  with  in  the 
case  of  a  boiler  brought  for  the  first  time  under  the  notice  of  the  Associa- 
tion. There  were  three  boilers  of  peculiar  construction,  somewhat,  but  not 
precisely,  like  the  '  elephant,'  or  French  boiler,  set  side  by  side.  On  each 
of  these  there  were  the  remains  of  the  brasswork  of  two  glass  water  gauges 
but  there  was  not  a  single  glass  in  one  of  them.  Neither  was  there  a  float 
nor  gauge  tap,  and  our  inspector  saw  two  of  the  boilers  working  in  this 
dangerously  equipped  manner.  Added  to  this,  the  mudhole  and  manhole 
covers  were  most  insecure,  and  as  these  were  pointed  into  the  firing  space, 
very  much  like  the  muzzle  of  a  loaded  gun,  the  firemen  have  anything  but 
an  enviable  position,  especially  since  the  boilers  are  usually  worked  at  a 
pressure  of  951b.  per  square  inch,  and  the  valves  are  loaded  to  1001b.  Our 
Inspector  took  care  not  to  stand  in  front  of  these  covers,  and  declined  the 
offer  of  the  attendant  to  get  steam  up  to  blowing-off  point.  It  should  be 
explained  that  these  boilers  are  not  enrolled  with  this  Association,  but  the 
Inspector  examined  them  under  mistake,  in  consequence  of  the  insufficient 
address  given  by  a  new  member,  whose  works  he  had  to  visit  for  the  first 
time.  The  owner  of  these  gaugeless  and  dangerous  boilers  was  recommended 
to  put  them  under  inspection,  but  he  did  not  appear  to  appreciate  the 
advantages  of  this,  having  his  own  views  both  as  to  boiler  construction  and 
management. 

"  Explosions. 

"  On  the  present  occasion  I  have  two  explosions  to  report,  by  which  four 
persons  were  killed  and  two  others  injured,  while,  as  one  of  these  occurred 
to  the  boiler  of  a  locomotive  engine,  it  may  not  be  an  inappropriate  occasion 
to  give  the  particulars  of  another  explosion  which  occurred  to  a  boiler  of 
the  same  class  a  few  months  since,  but  which  there  has  not  hitherto  been 
an  opportunity  of  entering  on.  Not  one  of  the  explosions  under  con- 
sideration occurred  to  boilers  enrolled  with  this  Association.  The  following 
is  the  tabular  statement : — 

Tabular  Statement  op  Explosions, 
From  January  1st,  1869,  to  January  2nd,  1869,  inclusive. 


Progressive 
Number 
for  1868. 


Date. 


Jan.  2 
Jan.  11 


[General  Description  of  Boiler. 


Single-flue,  Cornish, 
Internally  fired 

Locomotive, 

Internally  fired 

Total 


Persons 
Killed. 


Persons 
Injured. 


Total. 


"No.  1  Explosion,  by  which  four  men  were  killed  and  two  others  injured, 
occurred  at  a  colliery  at  about  daybreak,  on  Thursday,  January  14th. 

"  At  this  colliery  there  were  two  boilers  set  side  by  side,  and  connected 
together.  One  of  these  was  of  the  Cornish  class,  having  a  single  flue  tube, 
in  which  the  fire  was  placed,  running  through  it  from  one  end  to  the  other, 
while  the  other  was  of  plain  cylindrical,  egg-ended,  externally -fired 
construction.  The  boiler  that  exploded  was  the  Cornish  one,  set  to  the 
left  hand  of  the  other,  and  measuring  26  feet  in  length,  6  feet  in  the  dia- 
meter of  the  shell,  and  3  feet  2  inches  in  that  of  the  furnace  tube,  while 
the  thickness  of  the  plates  was  three-eights  of  an  inch  in  both  cases,  and 
the  load  upon  the  safety  valve  451b.  though  the  steam  sometimes  rose  to 
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501b.  when,  blowing  bard.  The  boiler  was  fitted  with  two  efficient  open  one,  which  was  about  9  inches  above  the  level  of  the  furnace  crown,  and 
lever  safety-valves,  as  well  as  with  a  steam  pressure  gauge,  a  mushroom  thus  too  high  to  be  of  much  service,  was  generally  used  tor  drawing  off 
blow-out  valve,  a  feed-back  pressure  valve,  one  water  gauge  tap,  and  an  |  hot  water.  As  a  further  illustration  of  the  neglect  with  which  the  boiler 
ordinary  wheel  float.  I  was  treated,  it  may  be  stated  that  it  had  not  been  examined  in  the  external 

'•An  officer  of  the  Association  visited  the  scene  of  the  catastrophe  a  day  I  flues  since  transplanted  about  four  years  since  to  the  collierv  at  which  it 


or  so  after  the  explosion  happened,  and  on  examining  the  boiler  found  that 
it  had  failed  in  the  furnace  tube,  the  crown  having  come  down  immediately 
over  the  fire,  and  rent  transversely  for  a  length  of  about  4  feet  at  a  patch 
close  to  the  second  ring  seam  of  rivets  from  the  front  end,  the  plates  having 
bulged  down  till  the  one  behind  the  rent  rested  on  the  fire  bridge,  and  the 
one  in  front  on  the  fire  bars.  From  the  large  opening  thus  formed  a 
torrent  of  steam  and  hot  water  rushed  out  at  both  ends  of  the  furnace  tube, 
blowing  up  the  brickwork  setting  at  the  back,  and  moving  the  boiler 
slightly  forward  on  its  seat,  while  the  rush  of  water  at  the  front  cairied 
away  some  of  the  furnace  bars,  and  led  to  the  serious  cases  of  personal 
injury  through  scalding  already  enumerated,  and  referred  to  more 
particularly  hereafter. 

"  The  cause  of  the  explosion  does  not  admit  of  question.  The  local 
character  of  the  collapse,  which  was  confined  entirely  to  the  crown  of  the 
furnace  tube  immediately  over  the  fire,  as  well  as  the  appearance  of  the 
tnbe  altogether,  plainly  showed  that  the  explosion  was  due  to  overheating 
of  the  plates  through  shortness  of  water. 

"This  view  is  corroborated  by  the  narrative  of  the  explosion  given  by 
those  at  the  works  to  the  Association's  inspector,  as  well  as  by  the  report 
of  the  coroner's  inquest,  which  it  is  thought  are  of  sufficient  interest  to 
justify  a  reference  being  made  to  them.  From  these  it  appears  that  the 
boilers  were  worked  night  and  day,  and  that  the  night  engine  tenter  left 
the  one  in  question  at  about  six  o'clock  in  the  morning  with  the  water  at 
the  usual  level,  and  the  donkey  engine  at  work  pumping  into  it.  At  ten 
minutes  before  six  the  day  engine  tenter  examined  the  float  for  himself, 
when  he  found  there  was  a  depth  of  about  6\  inches  of  water  above  the 
furnace  crown,  while  the  donkey  engine  was  still  feeding,  which  he  allowed 
to  go  on  till  a  ftw  minutes  after  six.  He  then  attended  to  his  engines  till 
about  a  quarter  past  seven,  that  is  to  say,  for  a  little  more  than  an  hour, 
when  he  paid  another  visit  to  the  boilers,  and  on  testing  the  float  on  the 
Cornish  one,  found  that  it  fell  down  to  the  tube,  showing  that  the  furnace 
crown  was  bare.  On  discovering  this,  he  called  to  the  enginewright  who, 
according  to  the  colliery  rules,  was  the  man  to  be  appealed  to  in  cases  of 
emergency,  and  consulted  with  him  as  to  what  should  be  done.  On  this 
the  enginewright  tested  the  float  himself  and  recommended  immediately 
drawing  the  fires  rather  than  blowing  off  the  steam  as  the  engine  tenter 
proposed.  At  this  the  engine  tenter  at  once  began  to  rake  out  the  fire,  and 
persevered  till  severely  scorched  by  the  hot  embers,  when  the  enginewright 
pushed  him  aside,  saying  '  Let  me  have  a  go  at  it,'  and  set  to  work  himself, 
taking  the  rake  in  one  liand,  while  with  the  other  he  shielded  his  face  from 
the  intense  heat,  the  fireman  meanwhile  standing  alongside  throwing  water 
on  the  burning  mass  as  it  was  drawn  out.  While  this  was  going  on,  the 
son  of  the  colliery  proprietor  came  and  stood  behind  the  enginewrigb, 
when,  just  as  he  had  cleared  the  grate  almost  to  the  bridge,  the  furnace 
crown  collapsed,  and  the  torrent  of  hot  water,  rushing  out  of  the  furnace 
month,  blew  the  poor  in«n  backwards  to  a  distance  of  25  yards,  rake  in 
hand,  and  so  severely  injured  him  that  ho  died  almost  immediatelv  :  in 
addition  to  which,  the  son  of  the  collierv  proprietor,  standing  behind  him, 
and  the  fireman,  slacking  the  ashes,  were  so  severely  scalded  that  they  died 
shortly  after,  while  three  others  at  the  pit's  mouth,  about  twenty  yards  off, 
were  also  scalded,  one  of  them  fatally. 

"  A  scientific  witness,  who  gave  evidence  at  the  inquest,  took  the  s  one 
view  of  the  matter  as  that  already  given,  viz.,  that  the  collapse  had  arisen 
from  overheating  of  the  furnace  crown  consequent  on  shortness  of  water, 
but  added  that  'the  explosion  was,  therefore,  evidently  attributable  to 
inattention  on  the  part  of  the  attendants,'  and  the  jury  brought  in  a 
verdict  of  'accidental  death.' 

"  While  there  can  he  no  question  that  the  collapse,  as  just  stated,  was 
due  to  shortness  of  water,  it  is  thought  that  the  conclusion  that  it  was 
attributable  to  inattention  on  the  part  of  the  attendants  by  no  means 
exhausts  the  subjects.  It  has  long  been  the  practice  to  cist  all  the  blame 
of  explosions  on  boiler  attendants,  and  though  this  coarse  may  be  found 
convenient  at  coroners'  inquests,  in  order  to  prevent  further  inquiry,  it  has 

by    no    i ins    '1 Il'eet    of    preventing    further    boiler    explosions,    which 

should  be  the  object  of  all  such  investigations. 

'I'     should    not    be    forgotten    that    the    only    means    with    whieli    the 

attendants  were  furnished  lor  ascertaining  tlie  water  level,  was  an  ordinary 

wheel  Moat   placed  on  tie-  top  of   the  boiler,    while    it    was  neCOSSSr}    for  the 

fireman  to   make  a  journey  round  to  the  back  of  the  boiler,  in  order  ' 

it.    and    168   that.    it.    Ii.i  I    not     stuck    fas' ,    which    the    Scientific   wittieiSJUSt 

referred  to  said  might  at   any  time  occur  if  the  gland  through  which  the 
wire  passed  was  screwed  down  a  little  too  tigbt.    The  glass  water  gauge, 

with  which  this  boiler  was  onced  furnished,  hail  been  allowed  to  go  entirely 
to  ruin,  and  only  a  fragment  of  the  bottom  remained,  while  out  of  i 
gauge  taps  the  two  upper  ones    were  -tuck   fast  and  OSelfSS,  and  the  lower 


exploded,  although  set  on  a  midfeather  wall  of  the  excessive  thickness  of 
18in.,  the  brickwork  of  which  was  found  to  be  damp,  so  that  there  is  every 
probability  that  the  plates  are  corroded,  while  it  is  certain  that  a  boiler 
under  these  circumstances  cannot  be  worked  on  without  examination  except 
at  a  great  risk  of  life.  It  appears  that  the  glass  water  gauge  had  been  in 
the  dilapidated  state  just  mentioned  for  some  three  or  four  years,  so  that 
the  boiler  had  been  worked  on  most  improperly  both  as  regards  the  shell 
and  equipment  for  some  time. 

"  There  is  no  positive  evidence  as  to  how  the  shortness  of  water  occurred 
— whether  from  neglect  of  the  feed  supply,  or  whether  from  leakage  at  the 
fittings  or  any  other  part;  but  however  this  may  have  been,  it  must  be 
clear  that  instead  of  affording  the  boiler  attendant  but  a  single  float,  which 
might  only  mislead  unless  tested  in  each  case  by  hand,  there  should  have 
been  a  couple  of  glass  water  gauges  fixed  to  the'front  of  the  boiler  so  that 
they  rnigh.  be  right  before  the  eyes  of  the  fireman  every  time  he  charged 
his  furnace.  Had  such  been  the  case  in  the  present  instance,  there  is  everv 
probability  that  the  shortness  of  water  would  have  been  detected  in  time 
to  have  prevented  the  explosion.  Added  to  this,  had  there  been  a  low-water 
safe-valve,  the  steam  would  have  been  blown  ofl'  as  soon  as  the  water  fell 
below  the  desired  level,  and  thus  have  given  warning  of  the  danger,  when, 
if  this  had  been  neglected,  the  valve  would  have  continued  to  allow  the 
steam  to  escape  until  all  the  pressure  was  relieved  and  collapse  rendered 
impossible.  Hundreds  of  these  low-water  safety-valves  are  working 
satisfactorily  on  the  boilers  under  the  inspection  of  this  Association,  thev 
are  constantly  found  to  do  good  service,  and  their  adoption  in  the  present 
instance  would  doubtless  have  prevented  the  explosion  and  saved  the  four 
lives  sacrificed  by  it. 

"  To  deal  fairly,  therefore,  with  this  catastrophe,  and  to  learn  from  it  all 
that  it  teaches,  something  else  should  he  concluded  than  that  it  was  due  to 
'  inattention  on  the  part  of  the  attendants.'  The  boiler  was  allowed  to 
work  on  by  its  proprietor  with  a  dangerously  disabled  set  of  fittings,  and 
thus  it  is  thought  he  must  at  least  share  the  responsibility  of  an  explosion 
which  scalded  four  men  to  death,  and  injured  two  others. 
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INAUGURAL  ADDRESS  OF  THE   PRESIDENT   MR.  F. 
BRYANT,   C.E. 
{Concluded  from  page  42). 

In  India,  again,  what  a  great  revolution  engineering  is  effecting  in  that 
vast  empire,  and  what  an  immense  amount  of  work  thoro  is  yet  to  be  done 
in  every  branch  of  our  profession.  And,  from  what  I  can  learn,  there  is  now 
a  great  want  of  engineers  in  Iudia,  preventing  works  alroady  proposed  being 
carried  out.  There  are  many  difficult  problems  in  engineering  to  be  solvod, 
ono,  I  may  mention  that  appoars  to  bo  moro  than  ordinarily  so,  and  which 
has  yet  to  bo  overcome:  I  allude  to  tho  bridge  ovor  the  Hooghly,  which  has 
taken  up  tho  attention  of  many  onginoors  for  some  timo  past  Without  any 
practical  result.  Still  thoro  are  works  progressing  of  very  groat  extent,  in 
which  theroaro  many  difficulties,  taxing  the  skill  of  tho  onginoors  in  every 
way.  Take,  for  instance,  tho  Groat  Indian  Poninsula,  tho  Bombay  and 
Baroda,  tho  Groat  Southern  of  India,  and  other  railways,  tho  dock  and  har- 
bour works  at  Bombay  and  other  parts  of  Iudia,  tho  progress  of  which  we 
got  reported  to  us  from  timo  to  time. 

Telograph  engineering  is  oxtonding  most  rapidly,  and  oro  tho  ond  of  this 
year  wo  may  oxpoct  that  tho  Fronch  Atlantic,  cable  will  lie  laid,  forming 
another  link  hotweon  tho  old  world  and  tho  now.  And  I  believe  that  tho 
tine'  ifl  QOl  far  distant  when  wo  shall  havo  communication  by  telograph  with 
China  and  Australia.  Ono  seems  to  suggest  tho  othor,  as  it  would  doub 
lie  nd  China  that  a  telegraphic  lino  to  Australia  would  ho  laid.  Then  thoro 
are  the  North  Sea  cables,  which  will  be  connected  with  an  overland  cahlo 
and  carried  on  i,,  India  through  Prussia,  itussia.  and  Persia,  More  par- 
ticularly •■oncoming  as  here  1 1  that  our  I  lovernment  will  in  all  probability 
this  ye.u-  arrange  that  the  Po  i  in  ■  t  ■)■  general  will  havo  complete  command 
of  the  telegraphs  in  thi,  kingdom,   which  will  hoof  great  importance  and 

i  public   in  general,  and  1  hope  to  see  before   long  tolegrap] 
cheap  ■■<  ^  postage. 

Engineering goeB  hand   in  bund  with   oivil  eon, 

the  aspect  ..f  towns 
and  villages  in   England,  and   even  the    mannei  toms  "i    their 

inhabi  i  we  imagini  !  alterations  thai  will 

take  place  in   India  when  railwa  common  and  and 

isJity.    'fh alteration    wiU  probably  extend 

IvUited,  better  known  to 

and  their  :  ...  ntinued. 
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In  Australia  also  engineering  is  progressing.  There  are  even  now  many 
•  large  works  necessary  for  the  benefit  of  its  inhabitants  generally,  and  as 
the  population  increases  will  become  absolute  necessities. 

In  America,  since  the  late  sad  warfare  has  ended,  engineering  has  made 
a  brisk  recommencement  in  many  places,  and  I  learn  on  good  authority  that 
the  great  question  of  the  junction  of  the  Atlantic  and  Pacific  Oceans  by  a 
ship  canal  across  the  Isthmus  of  Darien  is  again  mooted,  and  that  the 
American  Government  have  actually  sent  a  gentleman  of  high  position  to 
make  negotiations  and  inquiries  respecting  its  being  carried  out.  Our 
"  Transactions"  for  last  year  will  contain  in  papers  read  by  Dr.  Cullen 
an  excellent  account  of  all  that  has  been  done  with  regard  to  this  grand 
project. 

In  railway  and  bridge  works  American  engineers  have  proved  themselves 
remarkable  for  their  boldness  of  design  and  rapidity  of  execution.  Take, 
for  instance,  the  suspension  bridge  thrown  across  the  Niagara  river  last 
year,  which  has  the  tremendous  span  of  upwards  of  1,260ft.,  or  nearly 
double  the  width  of  the  centre  span  of  the  late  Hungerford  Suspension 
Bridge.  And  we  read  of  still  greater  spans  as  being  proposed  and  probably 
carried  out.  Then  there  is  the  proposed  bridge  over  the  Mississippi  at  St. 
Louis,  which  will  be  a  novelty  in  bridge  building,  as  it  will  consist  of  throe 
arches  constructed  in  steel,  the  centre  span  of  which  will  be  515ft.  or  some 
35ft.  wider  than  twice  the  span  of  the  centre  arch  of  Southwark  Bridge. 
Some  of  the  railways  have  been  constructed  with  great  rapidity  (although 
it  must  be  borne  in  mind  that  the  Style  of  work  is  totally  different  to  that 
prevailing  in  England),  and  great  ingenuity  has  been  shown  by  the  manner 
in  which  American  engineers  have  passed  their  railways  over  most  difficult 
countries.  Both  in  North  and  South  America  there  is  a  vast  field  for 
engineering  enterprise  in  all  its  branches.  Also  in  Canada  it  is  known 
there  are  many  important  works  required  that  sooner  of  later  must  be 
carried  out. 

I  have  not  perceived  anything  particularly  novel  that  has  been  introduced 
into  civil  engineering  of  late,  although  I  must  not  forgot  to  mention  the 
fact  that,  instead  of  building  docks  abroad,  they  are  built  at  home,  and  sent 
abroad  to  be  placed  in  position.  I  instance  the  Bermuda  floating  dock,  built 
in  the  Thames,  now  lying  in  the  Medway,  which  leaves  for  its  destination 
early  this  year ;  also  a  floating  dock  for  Bombay. 

In  foundations — which  are  the  most  important  studies  of  an  engineer — 
cylinders  and  screw-piles  seem  to  be  the  favourite  methods  at  present  for 
bridge  foundations,  piers,  and  other  works  in  water.  In  the  London  district 
it  seems  the  general  opinion  that  for  large  buildings  it  is  necessary  to  go 
down  to  the  London  clay  for  a  foundation.  I  cannot  perceive  the  absolute 
necessity  for  this,  and  I  think  in  many  cases  it  might  be  avoided  at  a  great 
saving  in  cost. 

In  mechanical  engineering  improvements  in  detail  appear  to  be  constantly 
made. 

The  great  question  as  to  the  manufacture  of  steel  seems  to  be  still  in 
dispute.  We  have  not  yet  seen  it  used  for  any  structure  of  importance  in 
England  at  present,  although  I  think  it  is  probable  we  may  clo  so  before 
long.  In  cases  where  lightness  is  required  with  strength  it  might  be  used 
very  advantageously. 

Hydraulic  engineering  has  advanced  to  great  perfection.  Photography, 
which  has  been  much  improved  during  the  last  year,  has  proved  invaluable 
to  the  engineer  in  illustrating  the  progress  of  works.  Electricity — the  most 
wonderful  of  all  things  applied  for  the  use  of  mankind — has  not  yet  been 
successfully  used  as  a  motive  power ;  a  single  idea  might  revolutionise  the 
whole  of  our  present  practice.  Civil  engineering  is  the  application  of 
natural  philosophy,  and  it  is  by  studying  the  great  laws  of  nature  that 
we  may  hope,  no  matter  by  how  small  advances,  to  improve  our  pro- 
fession. 

In  _  conclusion,  let  me  particularly  urge  upon  you,  the  members  and 
associates  of  this  Society,  the  necessity  of  earnestly  working  for  its  advance- 
ment. By  becoming  members  you  show  that  it  has  your  good  wishes  ;  but 
it  wants  more  than  good  wishes,  it  wants  your  working  assistance  to  further 
its  objects.  By  attending  its  meetings  you  show  a  disposition  to  support 
those  who  are  working  for  it ;  and  by  contributing  papers,  a  willingness  to 
give  the  knowledge  you  possess,  not  only  to  the  Society,  but  to  the  profession 
generally. 


vDN  THE  APPLICATION  OP  STEAM  TO  THE  CULTIVATION  OP 
THE  SOIL. 
By  Baldwin  Latham. 
{Continued  from  page  42.) 
2nd.  Class. — Locomotive  Engines  teavelling  on  Fixed  Railways. 
To  the  extraordinary  success  which    attended  the   working  of  the  railway 
system  of  this  country,  no  doubt,  is  due  the  idea  of  extending  the  system  to 
agricultural  operations  in  order  to  aid  and  assist  in  the  development  of  agri- 
cultural enterprise  ;  and  it  must  he  admitted  that  this  system,  when  adapted  to 
all  the  modern  appliances  for  steam  culture,  affords  great  facilities  for  execu- 
ting a  large  amount  of  work  with_  economy  and  despatch,  and  so  far  it  may 
have  realised  the  sanguine  expectations  of  its  inventor. 


The  first  invention  relating  to  ploughing,  in  which  other  motive  power  than 
that  of  horses  is  used,  and  in  which  the  railway  or  guide  rail  is  introduced,  is 
the  invention  of  Messrs.  Clarke,  Freeman,  and  Varley  in  1846.  The  invention 
consists  in  the  application  of  a  pneumatic  tube  placed  between  the  rails,  similar 
to  the  arrangement  adopted  in  the  atmospheric  railway.  The  apparatus  for 
exhausting  the  tubes  is  intended  to  he  placed  in  a  central  position  ou  the  estate 
to  be  operated  on,  and  the  whole  estate  is  then  to  be  divided  into  rectangular 
plots,  in  such  away  that  it  shall  be  intercepted  with  main  or  branch  lines  leading 
direct  from  the  central  station  ;  from  these  branch  lines  other  subsidiary  lines 
are  to  diverge  at  right  angles.  These  subsidiary  lines  are  to  be  placed  about 
a  quarter  of  a  mile  apart,  and  the  power  is  to  he  communicated  from  the 
atmospheric  tubes  to  locomotive  engines  travelling  of  these  subsidiary  lines  ;  by 
this  arrangement  "  each  set  of  ploughs,  or  other  agricultural  implements,"  are 
intended  "  to  be  worked  by  two  locomotive  engines  placed  on  opposite  sides  of 
the  plot  of  ground  to  be  tilled,  and  communicating  with  the  exhausted  branch 
pipes  at  the  sides  of  such  plot.  The  ploughs  (which  are  fixed  in  a  diagonal  line 
across  the  plough  frame)  are  drawn  over  the  land  in  opposite  directions 
alternately,  by  means  of  two  ropes  or  chains,  fastened  to  opposite  ends  of  the 
plough  frame,  and  connected  to  a  drum  on  each  locomotive  engine ;  one  rope 
being  unwound  as  the  other  rope  is  wound  upon  its  drum." 

In  the  same  year  (1848),  hut  at  a  later  period,  John  Tulloh  Osborn  took 
out  a  patent  for  "  machinery  for  tilling  aud  draining  land,  to  he  actuated  by 
the  power  of  steam,  water,  or  air,  or  by  animal  power."  The  description  of 
engine  he  proposed  to  use,  consisted  of  an  ordinary  agicultural  engine,  as 
manufactured  at  that  period,  and  carrying  two  drums  for  the  purpose  of  hauling 
the  cultivating  implements.  This  invention  has  been  considered  of  such  importance 
that  it  is  quoted  in  the  specifications  of  some  of  the  leading  steam-plough  makers 
of  the  present  day.  The  plan  of  working  comprises  the  use  of  two  locomotive  en- 
gines which  "  traverse  the  land  on  temporary  rails,  laid  in  parallel  lines,  at  right 
angles  to  the  direction  in  which  the  furrows  are  to  run — the  distance  between  the 
two  lines  of  rails  varying  from  one  hundred  to  two  hundred  yards."  As  already 
stated,  each  engine  has  two  drums;  and  attached  to  these  drums  are  the 
chains  or  ropes  that  haul  "  two  four-wheel  carriages,  fitted  with  ploughs  or 
other  implements,"  which  travel  simultaneously  across  "  the  field  in  opposite 
directions — each  carriage  pulling  after  it  the  rope  or  chain  by  which  it  is  to  be 
drawn  back  again,  Thus,  while  one  drum  on  each  engine  is  at  work  winding 
up  its  ropes  and  so  putting  the  ploughs  or  other  implements  in  motion,  the 
other  drum  is  delivering  out  its  rope  in  readiness  for  the  return  operation. 
After  each  traverse  of  the  ploughs  or  other  implements,  ths  engines  are  moved 
forward  by  means  of  a  chain  or  rope,  one  end  whereof  is  attached  to  an  anchor 
laid  out  ahead,  and  the  other  end  to  a  drum  connected  with  the  crank  shaft  of 
the  engine." 

The  invention  of  Sir  J.  S.  Lillie,  in  1847,  which  has  already  been  alluded  to, 
embraced  under  one  head  a  mode  of  applying  rails  in  order  to  facilitate  the 
movement  of  his  traction  engine. 

In  1850,  Lord  Willoughby  de  Eresby  introduced  his  system  of  steam 
ploughing.  The  machinery  consisted  of  the  "California"  locomotive  engine, 
designed  by  Sir  Daniel  Gooch,  which  weighed  3|  tons,  and  was  twenty 
six  horse  power.  The  engine  was  fitted  with  a  double  capstan,  which  could 
readily  be  removed  when  the  engine  was  required  for  other  purposes.  It  was 
intended  by  the  inventor  of  this  system  that  the  engine  should  be  moved 
"  across  the  centre  of  the  field  on  a  light  portable  railway.  The  ploughs  ad- 
vance and  recede  on  either  side  of  the  railway  at  right  angles  to  it.  The 
ploughs,  or  other  implements  of  culture,  are  intended  to  be  worked  by  "an 
endless  chain  150  yards  in  length,  which  will  be  put  in  motion  by  the  capstan 
of  the  engine.  Provision  is  made  at  the  moving  anchor  for  taking  up 
the  slack,  or  letting  out  fresh  chain  ;  and  by  this  arrangement  the  chains 
could  he  varied  a  length  of  forty  feet  to  suit  the  varying  length 
of  irregular  shaped  fields.  The  ploughs  that  were  intended  to  be  used 
consisted  of  ''four  ordinary  ploughs  and  the  like  number  of  subsoil  ploughs 
fixed  in  a  frame,"  which  were  to  be  guided  "  by  a  person  standing  on  a  small 
platform  "  attached  to  the  frame.  Two  such  sets  of  ploughs  were  intended  to 
be  worked  "  one  on  either  side  of  the  railway."  The  ploughs  alternately  advance 
and  recede,  the  advancing  plough  being  at  work,  while  the  other  is  being  drawn 
back  ready  for.  work  when  the  advancing  plough  has  completed  its  furrow  ;  and, 
as  the  work  of  ploughing  progresses,  the  engines  and  anchors  are  moved  forward 
in  order  to  operate  on  fresh  land.  The  author  of  this  invention  states,  that  this 
machine  "  would  perform  the  work  usually  done  by  sixteen  ploughs  driven  by 
as  many  men,  and  drawn  by  thirty-two  horses."  The  steam  machinery,  he 
states,  would  require  the  attendance  of  eight  men,  and  a  horse  to  draw  water 
for  the  engine ;  it  would,  therefore,  save  the  labour  of  eight  men  and  thirty-one 
horses  ;  but  against  this  must  be  set  an  expense  of  five  shillings  a  day  for  coals, 
as  well  as  the  per  centage  upon  the  value  of  the  machinery,  say  three  shillings 
per  day,  upon  an  original  cost  of  4507.  to  5007. 

In  1855,  Peter  Alexander  Halkett  introduced  his  guide  rail  system  of  culti- 
vation. The  system  consists  in  so  arranging  a  number  of  guide  rails  as  to  divide 
the  land  to  be  cultivated  into  a  number  of  rectangular  plots  about  30  ft.  in 
width.  And  the  machinery,  which  is  to  operate  on  the  laud,  is  arranged  on  a 
platform  the  whole  width  of  the  space  between  the  rails,  which  platform  is  sup- 
ported and  propelled  by  wheels  which  move  on  the  fixed  rails.  The 
invention  is  applicable  to  "  ploughing,  scarifying,  sowing,  reaping,  or 
other  operations  of  culture."  Owing  to  the  permanent  and  fixed  character  of 
the  rails,  "the  implements  are,  in  their  operation,  always  kept  at  a  regulated 
height,  independent  of  the  small  undulations  or  unevenness  of  the  ground,  or  of 
the  firmness  ov  softness  of  the  soil ;  and  whereb}'  they  are  also  kept  from  varying 
to  the  right  or  the  left  of  the  line  of  onward  motion."  In  addition  to  the  line  of 
permanent  way  that  traverses  the  field,  fixed  rails  are  laid  along  the  headlands 
of  the  fields  ;  and  by  a  suitable  arrangement  the  platform  with  its  machinery  is 
transferred    from    one  line    of  rails    to    the    other.       The     ploughs    are    so 
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arranged  that  but  one-half  of  the  area  between  the  rails  is  supposed  to  be 
ploughed  up ;  the  other  half  is  presumed  to  be  either  in  crop  or  fallow.  The 
ploughs  in  this  system  are  arranged  in  two  sets  "  to  act  alternately  iu  opposite 
directions — one  set  being  raised  out  of  action  while  the  other  set  is  in  operation." 
The  great  advantage  of  this  system,  but  which  does  not  apply  to  an)-  of  the 
ordinary  systems  of  rail  as  before  described,  lies  in  the  fact  that  all  the  operations 
of  culture  are  guided  by  the  fixed  rails;  the  ploughing,  cultivating,  sowing, 
hoeing,  watering,  and  reaping,  are  all  capable  of  being  performed  ;  and,  as  the 
seeds  sown  are  distributed  with  mechanical  precision,  the  subsequent  operations 
of  hoeing,  trimming,  or  watering  can  he  carried  on  in  the  space  between  the 
growing  crops  with  the  utmost  certainty  and  safety,  and  without  at  all  inter- 
fering with  them.  Although  the  machine  used  in  this  system,  in  which  rails 
are  provided  for  the  guidance  of  the  traction  power,  does  answer  and  perform  all 
the  operations  required  in  the  cultivation  of  the  soil,  there  are  two  strong  reasons 
why  the  system  will  never  become  universally  applied.  The  first  is  the  question 
of  cost,  which  alone  must  debar  the  system  from  general  adoption,  because  a 
system  that  shall  require  for  permanent  rails  a  cost  of  from  101.  to  30/.  per  acre 
is  not  likely  to  come  into  general  operation  when  it  is  seen  that,  as  a  rule,  the 
farmers'  profits  will  not  suffer  any  great  outlay.  The  other  reason  against  the 
adoption  of  this  system  lies  in  the  fact  that  the  fixed  rails  and  sleepers  will 
occupy  a  large  area  of  land  which  may  otherwise  be  usefully  occupied  and  culti- 
vated ;  and  therefore  it  is  probable  that  these  reasons  will  powerfully  operate 
and  prevent  the  development  of  this  system  on  an  extended  scale. 

Of  course  there  may  be  cases  where  temporary  rails  may  be,  and  are,  used 
for  the  guidance  of  the  ordinary  agricultural  locomotive  engine,  especially  in  bad 
weather  and  soft  soils  :  but  it  has  not  been  the  author's  intention  to  allude  to 
those  temporary  expedients  of  getting  over  a  difficulty,  but  to  illustrate  those 
inventions  that  at  the  outset  were  started  with  a  view  of  making  use  of  a  system 
of  rails  more  or  less  of  a  permanent  character.  Those  temporary  expedients  of 
bridging  over  a  soft  place  by  means  of  planks  or  rails  need  no  exposition  from 
the  author,  as  they  are  but  the  natural  expedients  that  lhave  occasionally  been 
resorted  to  when  carrying  out  the  ordinary  modes  of  steam  cultivation  hereafter 
to  be  referred  to. 

3ed  Class. — Fixed  Engines. 

The  plan  of  working  apparatus  for  the  cultivation  of  the  soil  from  stationary 
engines  is  one  of  the  earliest  methods  that  has  been  proposed  for  applying  power 
for  the  purpose  of  assisting  in  the  various  agricultural  operations  carried  on  by 
the  farmer.  The  chief  exponent  of  this  system  at  the  present  day  is  Mr.  William 
Smith,  of  Woolaston  :  hut  the  honour  of  originating  the  system  cannot  be 
claimed  for  him,  as  we  have  inventions  older  in  date  than  the  experiments  of 
Mr.  Smith,  which  he  only  commenced  in  1851.  Although  the  place  as  original 
inventor  of  this  system  cannot  be  claimed  by  Mr.  Smith,  yet  he  is  deserving 
of  all  praise  for  the  care,  skill,  and  unremitting  attention  that  he  has  given  to 
this  system  when  in  its  infancy  ;  and,  under  his  fostering  hand,  he  has  had  the 
satisfaction  of  seeing  it  developed  and  pretty  generally  employed.  The  plan  of 
cultivating  the  soil  from  fixed  appliances  has  had  from  time  to  time  a  fair  share 
of  the  thought  and  skill  of  the  inventor. 

The  first  application  of  power  transmitted  to  implements  from  fixed  engines 
or  machines  is  seen  in  the  various  early  inventions  for  draining  land  by  means 
of  ploughs.  Thus,  in  180O,  we  have  the  invention  of  Richard  Lambert  for  drain 
ploughs,  consisting  of  a  carriage  carrying  two  winding  drums,  which  are  intended 
to  be  worked  by  six  or  eight  men;  and  when  at  work  the  carriage  is  held  by 
an  anchor  and  struts,  while  the  men  give  motion  to  the  drums,  which  wind  up 
the  draught  chain  attached  to  the  plough,  and  so  draw  the  plough  forward. 

In  1800  nearly  the  same  arrangement  of  working  was  patented  by  Mark 
and  airuin  iu  1810  by  George  Hickford,  and  in  1819  by  Tew  Cowper. 

The  first  invention  that  had  for  its  object  the  application  of  a  fixed  source  of 
power  for  cultivating  the  soil  is  contained  iu  a  patent  taken  out,  in  18311,  by 
Henry  Pinko*,  which  has  been  before  alluded  to;  but  a  portion  of  this  patent 
had  reference  to  "  engines  "  which,  "  instead  of  travelling  over  the  land  and 
drawing  the  implements  after  them,  may  be  used  for  giving  motion  to  endless 
chains  or  ropes  to  which  the  implements  are  attached;"  and  the  author  of  this 
invention  had  a  very  clear  notion  of  the  value  of  this  mode  of  working  in  very 
hilly  country,  and  therefore  did  lot  fail  to  recommend  its  adoption,  and  point 
out  the  way  in  which  the  invention  could  be  carried  out;  for  he  says,  "where 
a  roping  system  may  be  so  applied  on  the  steep  inclinations  of  hilly  lands, 
a  well-known  system  of  pulleys,  called  I  lie  differential  pulley,  may  be  e. unbilled 
with  the  said  impelling  engine."  The  differential  pulley  was  patented,  about 
seven  years  before  tins  invention  of  I'inkus's,  by  Joseph  Saxton,  and  the 
object  of    the   arrangement  consists   in   using  wheels  or  pulleys  of  different 

diameters  iu  inch  a  trajr  as  to  take  advantage  of  the  results  obtainable  by  the 
difference  in  diameter,  so  that  a  considerable  velocity  may  be  given  to  imple- 
ments in  cultivating  the  soil,  while  the  rope  transmitting  the  power  moves 
through  a  comparatively  small  space. 

In  1811,  Conrad  Frederioh  Stollmcyer  proposed  a  mode  of  "obtaining  power 
from  tie-  wind  and   waves  by  means  of  sails,  windmills,  and   floats,   or  buoys, 

and  applying  the  power  v,  obtained  "  for  working  machinery  for  the  cultiv 
of  the  soil,    in  this  invention  the  power  is  transmitted  by  the*  aid  of  wire  ropes, 
which  are  coiled  several  time    round  a  dram  to  preserve  them  as  fai 
tV.irn  slipping  when  at  work. 

In  ini  i,  Messrs.  Stace  and  Vallance  secured  letters  patent  for  an  "application 
01  uind  power    by    means  of  portable  windmills  or  machines,  to  drawin 
working  ploughs,  and  some  other  agricultural  implements  and  carriage!  n  od  in 
agriculture,  suoh  as  harrows,  roller-,  icariners,  clod-crushers,  drills,  horse-hoes, 

drain-ploughs,     mole-ploughs,      thrashing      machines,      winnowing     iii. i 

chaff-cutters,  and  other   implements  thai  can    be    worked    by  power 

off  from  rotatory  motion.  '     In  the  ordinary  cultivation  the  imple- 

ments  are  attached  to  an  endla  liob  in  its  Bourse  pa  k     around 

our  shifting  pulleys,  and  is  put  in  motion   by  two  portable  windmills,  placed 


at  opposite  corners  of  the  field."  The  rope,  after  leaving  the  first 
windmill,  "passes  to  a  pulley  on  the  same  side  of  the  field,  thence  across  the 
field,  to  a  pulley  on  the  opposite  side,  and  onward  to  the  second  windmill ;  from 
this  machine  it  proceeds  to  a  second  pulley  on  the  same  side,  then  passes  across 
to  the  second  pulley  on  the  opposite  side  of  the  field,  from  which  it  returns  to 
the  first  windmill."  One  portion  of  this  invention  is  deserving  of  especial 
attention,  as  in  it  we  have  the  first  exemplification  of  the  clip-drum  principle, 
which,  in  1859,  was  patented  by  Messrs.  Fowler  and  others,  and  which  is  so 
deservedly  popular  for  all  purposes  requiring  security  and  great  traction  force 
In  this  invention  of  Messrs.  Stace  and  Vallance,  the  rope  is  grasped 
by  a  lever  carrying  a  weight,  the  force  of  which  is  conveyed  in  increased  power 
owing  to  the  leverage  with  which  it  acts  on  the  ropes,  which  it  grasps  with  a 
fixed  amount  of  force.  Although  iu  this  invention  a  lever  and  weight  are  used, 
it  is  easy  to  see  that  a  number  of  springs,  or  one  central  spring,  attached  to 
the  lever  arms  of  the  pulley,  might  he  used ;  and  thus  we  should  have  a  clip 
pulley,  which  holds  the  rope  so  long  only  as  the  pressure  of  the  springs  or  weight 
is  more  than  the  strain  on  the  rope. 

In  the  clip-drum  on  Fowler's  principle,  with  the  increase  of  strain  on  the 
rope  the  pressure  is  increased  by  the  clip  which  holds  the  rope; 
this,  in  many  cases,  is  a  great  advantage ;  but,  in  ploughing  by  steam,  it 
is  often  found  that  the  implements  may  strike  suddenlv  against  a  stone, 
or  the  root  of  a  tree,  when  a  sudden  strain  is  brought  to  bear  on  the 
rope  aud  implements  ;  and,  in  consequence,  some  part  of  the  implement  or  the 
rope  must  give  or  break.  Now  a  clip-pulley,  so  arranged  that  the  grip  on  the 
rope  may  be  something  less  than  the  strain  that  would  permanently  injure  the 
apparatus,  would  release  the  rope  and  allow  it  to  run  freely  round  the  pulley 
without  injury  or  breakage  of  the  machinery. 

In  1850,  R.  Cotgreave  procured  a  patent  for  a  drain-plough  that  was  to  be 
worked  by  an  "  ordinary  capstan  or  windlass  placed  at  a  distance  from  the 
trenching  machine  and  connected  thereto  by  means  of  ropes  or  chains." 

In  the  same  year  Mr.  John  Fowler  took  out  his  first  two  patents  for  drain 
ploughs ;  and  there  is  no  doubt  that,  to  the  success  attending  the  improved 
drain  ploughs  of  Fowler,  the  present  success  of  steam  cultivation  is  due.  We 
have  seen  in  all  the  late  Mr.  Fowler's  undertakings  an  energv  and  perseverance 
that  has  commanded  a  well-merited  success.  In  1852,  Mr.  Fowler  introduced 
the  steam-engine  as  the  motive  power  of  the  draii.  plough  ;  and,  when'so  applied, 
the  manifest  advantages  of  applyiug  the  same  power  in  an  analogous  way 
became^  manifest;  and  in  the  report  of  the  judges  at  the  Royal  Agricultural 
Society's  meeting  at  Lincoln,  in  1854,  after  extolling  its  merits  and  describing 
its  performance,  they  are  led  to  say  that,  "  Surely  this  power  can  be  applied  to 
more  general  purposes  ;  we  earnestly  commend  the  idea  to  our  engineers  and 
machinists."  The  idea,  once  started,  was  not  long  in  being  taken  up,  and 
hence  we  find,  after  this  period,  a  number  of  inventions  all  tending  to  train  the 
great  power  of  the  steam-engine  for  the  purpose  of  cultivating  the'  soil. 

In  February,  1854,  an  invention  of  T.  Atkins,  which  combined  some  of  the 
leading  features  of  the  stationary  engine  system,  received  provisional  protection. 
The  invention  was  for  "  improvements  in  transmitting  power  and  communicating 
motion  to  implements  for  agricultural  aud  other  purposes."  lhe  power  was 
proposed  to  be  derived  from  "  water,  wind,  steam,  heated  air,  or  any  com- 
bination of  these  or  any  other  agents  ;"  and  the  prime  mover  was  to  be  either 
"  locomotive  or  stationary."  In  connexion  with  the  engine  he  proposed  to  attach 
a  "grooved  wheel,  which,'  was  "to  be  surrounded  with  an  endless  rope  or 
cord,  whether  made  of  metal,  hemp,  cotton,  or  any  other  elastic  material." 
This  rope  or  cord  was  to  communicate  at  the  proper  distance  with  an  apparatus 
called  by  the  inventor  "  a  rope  cart,"  and  this  cart  was  "  provided  with  pulleys, 
wheels,  and  other  mechanism,  to  secure  a  steady  strain  for  transmitting  power," 
and  so  communicate  the  power  to  another  carriage  to  which  cylinders,  "  studded 
with  spades,  prongs,  knives,  teeth,  or  such  other  implements  as  the  work  to  be 
done  may  require,"  were  attached. 

In  1855,  J.  A.  Williams,  farmer,  of  Baydon,  Wilts,  obtained  letters  patent 
for  "  improvements  in  machinery  or  apparatus  for  driving  or  actuating  ploughs 
and  other  implements  employed  in  working  and  cultivating  land.  '  These 
improvements  consisted  in  the  application  of  the  ordinary  type  of  portable 
engine  acting  by  means  of  a  specially  constructed  framework  carrying  all  the 
necessary  winding  drums  and  apparatus  for  working  the  ploughs.  In  this 
arrangement  "the  ploughs  or  other  implements  for  cultvating  and 
working  the  land  are  attached  to  a  small  carriage,  giving  them  an 
independent  action  from  the  strain  of  tho  chain  or  rope,  one  end  of  which  is 
connected  to  the  said  carriage,  whilst  the  other  is  wound  round  one  of  the  drums 
—the  free  end  of  the  other  rope  or  chain  on  the  second  drum,  when  ploughing 
with  one-way  ploughs,  being  attached  to  an  intermediate  rope,  lilted  with  swivel 
hooks  or  eyes;  and  this  rope  is  connected  at  it-  other  end  to  the  hauling 
carriage."  A  fixed  table,  secured  to  the  side  ol  the  machine  and  engine  next 
the  ploughs,  contains  a  row  ol  boles  a!  distances  asunder  equal  to  the  width  oi 
the  furrows,  in  these  holes  is  snooeesively  Bxed  the  axis  of  a  movable  guide 
pulley  round  which  the  hauling  rope  is  passed,  after  being  previously  passed 
round  suitable  fixed   guide  pulley  -  or  rollers  secured  to  t he  training  or  table  ,>i 

the  maohine.  A  movable  guide  mile;  i-  titi.  I  into  n  movable  truss, ■!  under  this 
table  to  prevent  tin-  rope  from  rubbing  "  against  the  edge  thereof,  and  t"  guide 
it  into  the  horizontal  guide  pulley.  A  lomewhat  similar  table  and  movable 
guide  roller-,  forming  pari  of  ;,  framework  on  travelling  wheel  .  with  iinall 
adjo  table  guide  pulley,  u  firmly  fixed  al  the  opposite  and  of  the  field  bj  mitabls 
•  ,r  struts, embedded  firmly  into  the  ground.    A  large  fixed  lioritontal 

guide  pulhy  is  attaohed  to  tin-  Int-mentii i  table  or  framework,  round  whiob 

pulley  i-  passed  the  intermediate  rope  hereinbefore  referred  i".      in  ploughing 

or  cultivating    with    tin.   apparatus    one    or    nmre   furfOWS    UTS   intended    : 

..  d  .ii  onoe,  the  number  dependin  j  upon  the  number  ol  ploughs  thai  maj 
be  employed ;  and  the  apparatus  is  capable  of  drawing  a  plough  eitbei  from  or 
towards  the  engine.  The  arrangement  is  -neb  that,  after  the  plougb  have 
traversed  one  section  of  the  land,  the  movable  guids  pallors  are  Intended  to  be 
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advanced  a  certain  number  of  holes  on  the  framework  referred  to,  the  distance 
moved  depending  upon  the  number  of  furrows  or  the  breadth  of  ground  at  one 
time  intended  to  be  plonghed.  In  the  specification  of  Williams'  patent,  the 
first  mention  is  made  of  the  use  of  rope  porters  for  the  purpose  of  preventing 
"  the  ropes  from  chafing  against  the  ground." 

In  the  year  1855,  Messrs.  D.  and  X.  R.  H.  Fisken,  introduced  a  system  of 
steam  cultivation,  the  principle  of  which  has  of  late  been  advocated  by  several 
inventors.  The  invention  of  Messrs.  Fisken,  consists  in  use  of  a  very  light 
rope  travelling  at  a  considerable  velocity,  and  working  suitable  winding 
apparatus  on  the  cultivator  or  plough  which,  acting  upon  a  properly 
moored  rope,  draws  the  plough,  or  other  implement  at  a  slower  pace  across  the 
field;  or,  in  the  words  of  the  inventor,  the  power  from  the  steam-engine  or 
other  prime  mover  is  transmitted  to  the  machine  by  an  endless  rope  of  a  suffi 
cient  length  to  suitjthe  length  of  the  field,  and  the  distance  of  the  motive-power 
engine.  This  rope  passes  under  a  small  guide  pulley  or  sheave  (upon  the 
ploughing  machine),  and  over  a  large  driving  wheel,  upon  the  axis  of  which  are 
keyed  two  toothed  pinions,  in  one  of  which  a  less  number  of  teeth  is  cut  than 
in  the  other.  These  pinions  gear  into  other  and  similar  pinions,  and  serve  to 
impart  motion  to  a  spur  wheel,  upon  the  axis  of  which  is  keyed  a  drum,  round 
which  a  strong  wire  rope  or  chain  is  partially  wound ;  this  wire  rope  or  chain 
after  passing  under  two  guide  pulleys  (carried  by  the  ploughing  machine),  is 
fastened  at  each  end  to  anchor,  constructed  for  the  purpose,  and  placed  at 
opposite  sides  of  the  field  or  piece  of  land  to  be  ploughed  or  otherwise  operated 
upon.  When  the  endless  rope  is  set  in  motion,  the  resulting  action  of  the  drum 
against  the  wire  rope  or  chain  causes  the  machine  with  the  ploughs  or  other 
implememts  to  be  drawn  across  the  field."  The  slack  of  the  quick  moving  rope 
is  intended  by  the  inventor  to  be  taken  up  by  "  a  small  flying  capstan."  The 
arrangement,  by  which  the  power  is  transmitted  to  the  implement, 
is  as  follows:  "Prom  the  steam  engine,  which  is  situated  at  one  end  of 
the  field,  the  rope  proceeds  aloDg  the  side  of  the  field  to  the  flying 
■capstan,  secured  at  the  opposite  end  ;  after  passing  round  the  pulley  or  sheave 
on  the  capstan,  it  returns  along  the  side  of  the  field  till  it  comes  to  a  double- 
grooved  pulley  on  the  carriage  of  the  anchor  to  which  one  end  of  the  wire  rope, 
for  hauling  the  cultivator  is  attached ; "  from  this  anchor  it  passes  across  the  field 
to  the  other  anchor,  to  which  the  other  end  of  the  hauling  rope  is  secured; 
after  passing  round  a  pulley  on  this  second  anchor  carriage,  the  rope  "  returns 
across  the  field  to  the  first  named  anchor  carriage;  and  from  the  pulley  of  this 
carriage  it  proceeds  to  the  steam  engine,  passes  round  a  pulley  or  drum  driven 
thereby,  and  thence  again  to  the  flying  capstan."  When  ploughing,  and  in 
order  to  cultivate  fresh  land,  the  anchor  carriages  are  moved  by  the  winding  up 
of  a  chain  or  rope  which  is  sent  forward  and  fastened  to  an  anchor  or  stake, 
the  other  end  being  secured  to  a  small  drum  to  which  the  requisite  motion  is 
imparted  by  its  being  connected  with  the  pulley  driven  by  the  endless  rope.  It 
will  be  seen  from  the  arrangement  that,  by  moving  the  "  flying  capstan,"  the 
slack  of  the  rope  may  be  taken  up,  or  the  distance  between  the  anchors  may 
be  increased,  without  diminishing  the  efficiency  of  the  invention. 

In  1855,  P.  A.  Halkett,  whose  guide  rail  system  has  been  already  mentioned, 
proposed,  amongst  other  methods  of  propelling  his  cultivating  apparatus  over 
his  guide  rails,  the  use  of  a  "  stationary  engine  or  other  power  placed  at  the 
headlands,  and  motion  communicated  to  the  platform  by  means  of  a  rope  or 
ropes." 

In  the  latter  end  of  the  year  1855,  A.  D.  Lacy  invented  a  steam  plough,  and 
proposed  a  method  of  working  which  has  some  merits.  It  may  be  called  the 
double  stationary  engine  system.  The  engines  each  carry  a  winding 
drum  and  rope,  and  are  placed  at  opposite  corners  of  the  field.  The 
wire  ropes  for  working  the  implements  are  attached  to  each  end  of 
them,  and  afterwards  passed  round  properly  mounted  anchor  pulleys,  whence 
they  proceed  to  the  winding  drums  of  their  respective  engines.  One  engine  is 
intended  to  be  at  work  winding  up  its  rope,  while  the  other  one  is  paying  out 
the  rope  from  its  winding  drum.  The  special  merit  of  this  system  lies  in  the 
fact  that  it  requires  but  one  half  the  length  of  rope  necessary  to  cultivate  the 
same  area  on  the  single  engine  and  roundabout  system  as  at  present  practised, 
and  consequently,  so  far  as  the  ropes  are  concerned,  will  be  cheaper  and  more 
economical  in  working,  because  there  is  a  smaller  amount  of  resistance  in  the 
ropes  and  less  friction;  and  moreover,  with  a  shorter  length  of  rope,  the  chances 
of  breakage  and  other  casualties  are  considerably  reduced. 

The  year  1856  was  a  remarkable  year  in  the  annals  of  steam  cultivation, 
for  in  this  year  patents  were  secured  by  Messrs.  Powler,  Smith,  and  Howard  ; 
and  the  machines  and  apparatus  then  introduced  are  still  successful^'  worked 
at  the  present  day.  The  first  patent  in  this  year  was  taken  out  by  the  late  John 
Fowler,  on  the  3rd  of  January,  and  consisted  in  a  mode  of  applying  the  power 
of  a  stationery  steam-engine  to  a  double  capstan,  so  as  to  haul  ploughs  for  the 
cultivation  of  the  soil.  Por  the  purpose  of  carrying  out  this  invention  two 
drums  were  intended  to  be  fixed  on  the  same  frame,  and  so  arranged  that  when 
one  drum  was  winding  up  the  wire  rope  the  other  drum  was  unwinding  it. 
The  rope  was  afterwards  passed  over  two  guide  pulleys  fixed  on  the  ground,  and 
the  implement  was  intended  to  be  worked  backwards  and  forwards  between 
these  guide  pulleys.  In  order  to  cultivate  the  whole  of  the  land  the  guide 
pulleys  were  moved  from  time  to  time  as  required. 

On  the  11th  of  the  same  month  a  patent  was  taken  out  by  Mr.  H.  Smith, 
which  had  for  its  object  "  improvements  in  ploughs  and  other  cultivating 
implements  which  are  put  in  motion,  when  in  use,  by  steam  or  other  power 
actuating  a  barrel  or  barrels  on  to  and  off  which  ropes  are  wound."  These 
improvements  consisted  in  the  means  and  appliances  by  which  the  implements 
could  be  turned  at  the  headlands,  and  in  which  the  first  action  of  the  draft  rope, 
when  the  engine  was  reversed,  was  to  turn  the  plough  or  other  implements  ; 
for  this  purpose  the  two  ends  of  the  ropes  were  both  attached  to  the  fore  part  of 
the  plough  by  means  of  a  drag  link. 

In  April  of  the  same  year  Mr.  Smith  procured  provisional  protection  for  an 
invention  but  the  patent  is  now  void.     The  invention  consisted  in  fixing  the 


winding  drums  of  the  stationary  engine  on  a  frame  mounted  on  two  wheels,  and 
constructed  with  shafts  to  receive  a  horse,  the  general  arrangement  being  similar 
to  that  of  Howard's  pateut  windlass.  In  this  invention  of  Smith's  two 
winding  drums  were  intended  to  be  used,  "  which  are  capable  of  turning 
independently  of  each  other  freely  on  the  axle  of  the  carriage,"  and 
which  are  intended  to  be  "  driven  alternately  "  by  the  stationary  engine.  It 
should  be  here  mentioned  that  the  first  windlass  used  by  Smith  was  made  bs' 
Messrs.  Rausomes,  under  the  direction  of  the  late  Mr.  Powler. 

In  May,  1856,  Messrs.  Howard  procured  their  first  patent  for  the  application 
of  steam  power  to  the  cultivation  of  the  soil.  This  invention  consisted  in  the 
nse  of  a  number  of  "  turn  wrest  "  ploughs  attached  by  chains  to  a  travelling 
frame,  which  was  intended  to  be  driven  by  means  of  a  wire  rope  passing  over 
a  number  of  guide  pulleys  ''set  at  opposite  corners  or  other  points  of  the  field, 
and  thence  "  proceeding  "  to  the  winding  on  and  off  barrels  of  the  engine." 
The  pulleys  in  this  invention  were  intended  to  be  fixed  by  means  of  a  sort  of 
screw  or  cork-screw  anchor,  and  rotatory  guides  were  used  ''  to  assist  in  the 
laying  of  the  rope  or  chain  upon  the  windlass."  Another  portion  of  this  inven- 
tion had  reference  to  the  attachment  of  ploughs  to  a  locomotive  engine ;  but, 
as  this  method  of  cultivation  as  been  exploded,  it  is  not  necessary  to  refer  to 
this  portion  of  the  invention. 

In  1856  Messrs.  Chandler  and  Oliver  procured  a  patent  for  a  mode  of  fixing 
the  drum  used  in  steam  cultivation.  It  consists  in  fixing  a  drum  for  holding 
the  band,  strap  (traction  rope),  or  chain  employed  with  engines  for  ploughing 
and  other  agricultural  purposes,  upon  the  axle  of  the  fore  or  hind  wheels  of  the 
travelling  engines  now  employed  in  connexion  with  agriculture.  Or  we  convert 
either  fore  or  hind  wheels  into  drums,  by  raising  them,  by  means  of  blocks  or 
otherwise,  from  contact  with  the  ground,  and  by  screwing,  bolting,  or  otherwise 
attaching  flanges  to  the  sides  of  the  wheels,  in  order  to  prevent  the  band  slipping 
off  from  them.'  Prom  the  arrangement  of  these  drums  it  will  be  seen  that 
the  plan  proposed  is  only  adaptable  for  stationary  engines,  and  that  with  these 
the  increased  width  of  the  machine,  caused  by  the  space  occupied  by  the  drums, 
will  render  it  somewhat  unmanageable  in  narrow  roads  and  gateways. 

In  1857  J.  Powler  procured  a  patent  for  a  method  of  working  ploughs.  This 
invention  consisted  in  mounting  the  "  drums  on  separate  axes  placed  at  an  angle 
to  each  other,"  and  also  in  a  method  of  "  moving  the  pulley  anchor  along  the 
headlands,  by  the  power  of  the  engine  acting  through  the  same  rope  as  that 
which  draws  the  plough."  Those  anchors  consisting  of  "  plates  or  discs  of 
metal,  which  can  be  drawn  through  the  land  with  much  greater  facility  in  one 
direction  than  in  the  other.  The  rope  from  the  winding  apparatus  passes  first 
over  a  stationary  pulley,  and  then  over  the  movable  pulley  on  the  headland, 
from  which  it  passes  at  right  angles  to  the  plough  ;  thus,  when  the  strain  is  on 
the  tackle  there  is  a  tendency  to  draw  the  anchor  of  the  movable  pulley  towards  the 
fixed  pulley.  To  overcome  this  tendency  the  anchor  of  the  movable  pulley  is 
secured  to  an  additional  or  supplemental  anchor,  which  prevents  it  from  moving 
while  the  plough  is  travelling;  but  when  it  is  wished  that  this  anchor  should 
be  drawn  along  the  headland,  it  is  only  necessary  to  slacken  the  tackle  which 
secures  it  to  its  supplemental  anchor,  and  then  the  strain  on  the  rope  which 
draws  the  plough  will  cause  it  to  move  forward."  A  further  portion  of  the 
invention  had  reference  to  the  use  of  stationary  posts  to  which  pulleys  which 
carry  the  rope  were  attached.  In  this  patent  the  first  mention  is  made  of  travel- 
ling rope  porters,  which  the  inventor  intended  should  be  used  "  between  the 
two  pulleys  on  the  headlands." 

In  1857  Edward  Hayes  obtained  letters  patent  for  an  improved  windlass  to 
be  used  in  conjunction  with  a  stationary  engine,  the  object  of  which  was  to 
obviate  the  necessity  of  stopping  and  reversing  the  engine  at  every  turn  of  the 
plough  or  other  cultivating  implement.  The  apparatus  consisted  of  a  rectan- 
gular iron  frame  mounted  on  road  wheels  ;  across  this  frame  a  strong  hollow 
iron  shaft  is  fixed,  and  two  winding  drums  are  mounted  so  that  they  can  turn 
loosely  upon  the  shaft.  On  one  side  of  each  of  the  winding  drums  a  projecting 
ring  is  formed,  and  on  the  inside  thereof  are  teeth  into  which  a  toothed  pinion 
gears ;  this  pinion  is  mounted  on  an  axis  carried  by  a  bracket  securely  keyed 
upon  the  hollow  shaft,  which  carries  the  winding  drums,  and  it  has  also  at  its 
other  end  a  toothed  wheel,  which  gears  with  and  receives  motion  from  a  pinion 
formed  on  the  side  of  a  belt  pulley  mounted  so  as  to  turn  loosely  on  the  hollow 
shaft  already  mentioned.  When  this  apparatus  is  at  work  it  is  placed  near  a 
steam-engine,  and  a  belt  from  the  driving  pulley  of  the  steam-engine  passes  to 
this  belt  pulley,  or  to  the  corresponding  pulley  which  drives  the  other  winding 
drum  ;  and  between  these  two  driving  pulleys  there  is  a  third  pulley  for  receiving 
the  driving  belt  when  it  is  required  that  the  two  winding  drums  should  remain 
stationary.  The  driving  belt  as  it  passes  from  the  engine  to  the  driving  pulleys 
passes  through  a  forked  guide  mounted  on  a  bar,  placed  across  the  frame  and 
capable  of  sliding  for  a  short  distance,  from  side  to  side  laterally ;  this  bar  has 
three  notches  formed  in  it,  into  either  of  which  a  locking  bolt  can  drop,  so  as 
to  retain  the  bar  in  position  when  the  fork  is  opposite  one  of  the  three  belt 
pulleys.  In  connexion  with  the  locking  is  a  trigger,  to  which  a  string  may 
be  attached  and  led  to  any  part  of  the  field,  so  that  by  pulling  this  string  the 
locking  bolt  mav  be  withdrawn  by  a  person  stationed  at  a  distance.  When  the  . 
locking  bolt  is  removed,  the  fork  bar  is,  by  means  of  springs  or  weights,  caused 
to  traverse  a  distance  so  as  to  shift  the  belt  on  to  the  loose  pulley,  and  the 
same  movement  of  the  fork  bar  allows  the  same  or  other  springs,  or  weights, 
to  bring  breaks  to  act  on  the  winding  drum ;  but  when  the  fork  bar  is  worked 
by  the  band  lever,  so  as  to  throw  one  of  the  driving  pulleys  again  into  a  gear, 
the  same  motion  of  the  bar  removes  the  break  from  the  drum  to  which  that 
driving  pulley  gives  motion."  The  invention  also  includes  a  mode  of  distributing 
the  rope  evenly  on  the  winding  drum,  which  consists  in  passing  the  rope  "through 
guides  to  which  a  to-and-fro  motion  is  given,  by  means  of  a  pinion  mounted 
on  a  shaft,  which  is  driven  by  a  screw  on  the  boss  of  the  winding  drum."  In 
principle  the  arrangement  of  this  windlass  is  similar  to  that  of  a  heavy  planing 
machine.     The  great  advantage  possessed  by  this  arrangement  of  windlass  must 
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be  admitted  when  it  is  seeu  that  there  is  no  stopping  the  engine,  therefore  no 
temptation  to  the  driver,  when  the  engine  is  stopped,  to  keep  it  idle ;  one  man 
can  manage  the  engine  and  windlass,  and  each  anchor  man,  by  an  arrangement 
of  cords  stretched  over  the  ground,  can  instantly  stop  the  plough  or  cultivator. 
Therefore,  by  means  of  this  arrangement,  ploughing  or  cultivating  can  be  carried 
on  by  moonlight  or  in  fogs  with  great  security. 

^1858  Messrs.  Fowler  procured  two  patents ;  the  first  had  reference  to  the  con- 
struction of  the  frame  containing  the  winding  drum,  which  was  so  arranged  that 
the  hind  wheels  of  the  ordinary  portable  engine  could  be  removed,  and  the 
firebox  let  down  into  an  opening  made  in  the  frame.  The  portable  engine 
"rests  in  front  on  its  own  wheels,  and  behind  on  the  wheels"  of  the  frame 
containing  the  drums.  Another  portion  of  this  invention  had  reference  to 
taking  up  the  slack  of  the  rope,  which  will  be  considered  hereafter.  The  other 
invention  of  this  year  had  reference  to  turning  the  implements  at  the  headlands 
by  the  action  of  the  traction  rope ;  and  consisted  in  attaching  the  rope  "  near 
one  of  the  hinder  corners  of  the  implement,"  and  leading  it  round  the  back  and 
along  one  side  to  the  front,  at  which  point  it  ts  held  by  a  clutch  when  the  im- 
plement is  at  work.  When  it  is  desired  to  turn  the  implement  at  the  headland 
"  the  traction  rope  is  released  from  the  clutch,  and  it  then  in  unwinding  itself 
from  the  implement  turns  it  half  round,  so  as  to  reverse  its  position  ready  for 
the  next  traverse  over  the  land,  at  the  same  time  it  winds  the  return  rope 
partially  round  the  implement,  and  when  this  is  made  fast  in  the  clutch,  it  is 
ready  to  become  the  traction  rope."  Another  portion  of  this  invention  had 
reference  to  the  arrangement  of  portable  engines  with  winding  drums  for  hauling 
ropes.  Instead  of  the  two  winding  drums  being  arranged  "  in  the  space  under 
the  boiler  between  the  fore-wheels  and  the  hind-wheels,  one  only  of  the  drums 
ig  in  this  position,"  and  the  other  is  placed  "  between  the  two  fore-wheels 
immediately  over  the  locking  motion."  One  drum  only  is  "  driven  by  the 
engine,  and  the  rope  is  passed  "  several  times  round  "  the  pair  of  drums  in  an 
oval  coil ; "  "  but  in  order  to  obtain  sufficient  bite  on  the  rope,  which  it  is  diffi- 
cult to  do  with  this  arrangement,  the  rope  which  ordinarily  is  led  away  from 
the  loose  drum  is  again  passed  round  the  driven  drum,  and  is  brought  out 
between  the  two  drums.  By  this  arrangement,  in  whichever  direction  the 
engine  be  winding,  the  rope  passes  on  to  the  driven  drum  before  it  comes  on  the 
loose  drum." 

In  1859,  Messrs.  Fowler  obtained  a  further  patent  for  improvements  in  steam 
ploughing.  The  first  portion  of  these  improvements  referred  to  implements,  and 
the  latter  portion  to  taking  up  the  slack  of  the  rope  at  any  time  that  may  be 
required;  but  one  portion  of  it  related  to  the  means  of  giving  motion  to  "tilling 
implements  by  steam  power,"  for  which  purpose  "  an  engine  having  two  drums 
mounted  on  it  on  horizontal  axes,  these  drums  being  so  constructed  that 
the  hauling  rope  may  be  passed  several  times  over  them,  and  then  be  led 
away  from  them." 

In  1860,  Collinson  Hall  introduced  a  number  of  improvements  in  steam 
tilling  apparatus,  which  will  be  considered  when  treating  of  the  details  relating 
to  ropes  and  rope  porters. 

In  1801,  Messrs.  Howard  obtained  letters  patent  for  improvements  in  steam 
cultivating  apparatus  ;  these  improvements  had  reference  to  the  construction  of 
an  improved  windlass,  to  be  used  in  carrying  out  what  has  been  called  "  Smith's" 
or  the  "  roundabout "  system  ;  and  they  state  that  "  hitherto  it  has  been  the 
practice,  when  throwing  the  winding  drums  out  of  gear,  to  use  two  distinct 
motions — the  one  for  disengaging  the  driving  pinions  from  the  drum  teeth,  and 
the  other  for  applying  a  brake  to  the  released  drum  to  prevent  the  too  rapid 
running  off  of  the  rope.  Now,  the  object  of  this  invention  is  to  bring  the  brake 
into  action  on  its  drum  simultaneously  with  throwing  the  drum  wheel  out  of 
gear  with  its  driving  pinion  ;  "  and  for  this  purpose  the  winding  drums  are  to 
be  monnted  "  on  eccentrics,  through  which  an  axle  passes  loosely,  and  is  secured 
to  the  windlass  frame.  The  outer  side  of  each  drum  carries  a  ring  of  teeth 
cast  upon  a  projecting  flange;  into  these  teeth  the  pinions  respectively  take. 
The  shaft  of  these  pinions  has  its  bearings  in  brackets  carried  by  the  main  axle 
and  framework.  From  the  inner  side  of  each  of  these  brackets  project  brake 
blocks,  which  project  under  the  flange  of  the  adjacent  drum.  Attached  to  the 
eccentric  of  each  drum  is  a  lever,  by  means  of  which  the  eccentrics  can  be  turned 
on  their  axis,  which  movement  raises  the  drum  teeth  into  gear  with  the  driv- 
ing pinion  or  lowers  the  drum,  and  thus  throws  it  out  of  gear.  As  the  drum  it 
lowered,  the  inner  face  of  its  flange  comes  in  contact  with  the  brake  block,  and 
the  weight  of  the  drum  being  thus  thrown  on  the  brake  block,  the  requisite 
friction  will  be  obtained."  The  windlass  is  intended  to  be  "  mounted  on  B  pair 
of  travelling  wheels,"  and  to  secure  it  in  position  For  working,  cutting  blades  are 
"  temporarily  attached  to  the  ends  of  the  driving  shafts,"  which,  '"  being  forced 
into  the  ground,"  lecurely  anchor  the  windlass. 

In  the  same  year  Messrs.  Howard  took  out  .-mother  patent,  but  it  became  void 
through  non-compliance  with  the  letters  patent  in  m  to  file  b  specifi- 

cation. This  invention  related  to  the  mode  of  transmitting  the  rotary  motion 
of  a  steam  engine  to  the  windlass  by  mean-,  of  flexible  coupling, 

In  March,  18<;:2,  Meters.  Fowler  procured  a  farther  patent  fbr  improvements 
in  steam  cultivating  apparatus,  [n  addition  to  improvements  in  their  well- 
known  implement, the  improvements  had  reference  to  tin- mode  of  constructing 
|'a  winding  windlass  for  banding  cultivating  implements.'  The  nature  of  the 
invention,  consisted  in  arranging  the  apparatus  for  guiding  the  winding  of  the 
rope  on  a  windlass  fixed  on  a  vertical  axle,  "  so  thai  in  whatever  direction  the 
rope  is  being  wound  from  the  guiding  apparatus,  if  readily  adjusts  itsell  I 
proper  position."    The  imp  had  reference  to  arranging,  whan 

required,  the  windlasses  of  cultivating  tp  inch  a  way  that  they  are  at 

liberty  to  ■■  swing  partially  round  at  .m  angle  i<>  each  other  or  to  the  carriage  or 
engine  to  which  they  are  attached,   to  thai  the}   may  adjust  themsi 
line  of  the  healing  rope;  '  or,  in  some  cases,  ti.'  ler, to  which  the 

windlass  is  attached,  is  made  to  swing  to 
alt. 


In  April,  1862,  Messrs.  Howard  introduced  further  improvements  in  the 
windlass  to  be  used  in  the  Smith  system  of  cultivation,  the  object  of  which  was 
to  economise  the  power  when  driving  the  windlass.  It  has  been  found  that, 
with  windlasses  constructed  to  pay  off  and  take  up  the  hauling  rope  from  two 
drums,  a  brake  is  required  to  check  the  too  rapid  paying  off  of  the  rope ;  and 
so  the  brake  blocks,  which  have  already  been  alluded  to  in  a  former  invention  of 
Messrs.  Howard,  were  introduced,  Now,  it  has  been  found  that  these  brake 
blocks  did  not  answer  the  object  they  were  intended  to  effect,  and  moreover 
were  the  cause  of  a  considerable  loss  of  power  ;  therefore  this  invention  of  Messrs. 
Howard  had  reference  to  a  mode  of  making  the  two  drums  act  in  concert  by 
means  of  a  frictional  appliance,  which  consists  in  a  pair  of  revolving  discs  or 
rollers,  so  applied  that  in  throwing  "  the  barrels  in  and  out  of  gear,  that  barrel 
which  for  the  time  is  to  give  off  the  slack  rope  shall,  when  it  falls  out  of  gear, 
bear  upon  its  disc  or  roller."  The  barrels  of  the  winding  drum  have  annular 
recesses  cut  in  the  adjacent  ends,  and  it  is  in  the  recesses  that  the  discs  or 
rollers  are  "  simultaneously  in  contact  with  their  respective  barrels  (one  being  in 
contact  with  the  inner,  and  the  other  with  the  outer  surface  of  their  respective 
annular  recesses),  the  driven  barrel  will  cause  the  roller  of  the  slack-rope  barrel 
to  regulate  the  speed  of  its  barrel,  and  allow  it  to  rotate  only  at  a  given  relative 
speed  by  reason  of  the  friction  of  contact  between  this  roller  and  the  loose 
barrel." 

In  July,  1862,  Alexander  Leslie  procured  a  patent  for  a  mode  of  working 
implements  differing  somewhat  from  the  general  plan  of  working  as  now  adopted 
and  partaking  more  of  the  nature  of  Fisken's  mode  of  propelling  the  implement. 
The  author  of  this  invention  proposed  to  employ  an  endless  rope  which,  instead 
of  hauling  the  implement  as  in  the  ordinary  mode  of  steam  cultivation,  was  to 
give  motion  to  a  wheel  fixed  on  the  frame  of  the  cultivating  implement.  This 
wheel  geared  into  others,  and  they  again  gave  motion  to  the  driving  wheels  of 
the  implement,  which  by  preference  were  armed  with  spikes  or  projections  in 
order  to  take  hold  of  the  ground  and  propel  the  implement  to  which  the  ploughs 
were  intended  to  be  attached.  This  system  of  hauling  cultivating  apparatus  by 
means  of  a  fixed  steam  engine  has  been  very  generally  adopted,  and  it  is  some 
advantages  that  will  commend  it  to  the  attention  of  the  agriculturist,  and  which 
will  be  hereafter  considered. 

In  concluding  this  section  of  the  subject,  it  is  only  necessary  to  add  that  many 
of  the  inventions  that  have  been  described  are  applicable  to  the  system  of  loco- 
motive engines  moving  along  the  headlands,  as  will  be  seen  by  reference  to  that 
system,  which  will  be  hereafter  described.  The  chief  makers  of  this  class  of 
implements  have  already  been  mentioned,  and  it  may  here  be  said  that  there  are 
a  number  of  other  firms,  who  work  uuder  license,  and  construct  the  special 
implements  of  the  different  inventors. 

(To  be  Continued) 
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THE  MAURITIUS  RAILWAYS— MIDLAND  LINE. 
By  Mr.  James  R.  Mosse,  M.  Inst.  C.E. 
Before  proceeding  to  the  special  object  of  this  communication,  which  was  to 
give  an  account  of  the  working  of  some  unusually  heavy  gradients,  the  chief 
physical  features  of  the  island,  and  the  causes  that  led  to  the  introduction  of 
railways  in  the  colony,  were  briefly  noticed.  The  necessity  for  railway  com- 
munication being  felt  by  the  local  government,  Mr.  J.  A.  Longridge,  M.  Inst. 
C.E.,  was  in  May,  1858,  charged  by  the  Secretary  of  State  for  the  Colonies  to  in- 
vestigate the  subject,  and  having  reported  in  favour  of  the  railway  system,  the 
construction  of  the  works  was  authorised  by  the  Imperial  Government  in  May, 
1861.  Mr.  Hawkshaw  (Past-President,  Inst.  C.E.),  who  had  previously  reported 
on  the  railways  by  order  of  Goverincnt,  was  appointed  Consulting  Engineer, 
and  in  September,  1861,  a  contract  was  entered  into  with  Messrs.  Brassey  and 
Wytb.es  for  the  execution  of  the  works,  which  were  commenced  early  in  1862, 
under  the  direction  of  Mr.  Walmesley  Stanley,  M.  Inst.  C.E.,  as  Chief  Resident 
Engineer,  and  of  Mr.  Longridge  as  Agent  for  the  Contractors.  The  north  line 
starting  from  the  central  station  at  Port  Louis  traversed  the  northern  ami 
north-eastern  portions  of  the  island,  and  was  31  miles  in  length;  while  the 
.Midland  line  commencing  at  the  same  station  in  Port  Louis  passed  nearly 
h  the  centre  of  the  island,  and  was  .!.",  miles  in  length.  The  only  work 
of  importance  on  these  railways  was  the  Grand  River  Viaduct,  a  description  of 

which  had  already  been  given  to  the  Institution  (Mill,  of  Proc.  In-t.  C.K.,  Vol. 
XXV.,  p.  287).  The  North  line  was  opened  for  public  trallie  on  the  84th  May, 
L884,  and  the  Midland  line  on  the  19th  October,  1865.  Laud  had  been 
purchased  and  all  flu:  masonry  had  been  built  for  two  fines  Of  way;  I- 
present  the  iron  work  for  the  superstructure  of  the  under  girder  bridges  and  the 
permanent   way  had    only  been   provided    lor   a  single    line.     The   total  OOSt   of 

these  railways  bad  amounted  to  621,876  per  mile. 

Tin-  character  of  the  Gradients  on  the  Midland  line  would  be  understood  from 
the  following  summary:  Prom  Port  Louis  to  the  summit,  there  was  ■  rii 
1817ft.,  the  distance  being  about  18  miles,  or  equal  to  an  a  idient  ol   l 

in  W'88  ;  and  from  the  iummit  to  Mahebonrg,a  distance  ol  about  19  mill  •,  there 
was  a  the  rate  ol   I  in66'61.     For  about   i'_".  miles  sing 

the  summit  the  inclination  was  on  an  average  1  in  111",  and  then  e  for  about 
l.'f;  miles  the  line  tell  on  m  average  i  in  16*06.  The  steepest  gradient  was  1  in 
27,  of  v.  Inch  there  »,i,  ,,  total  im  ill  i ■:  i  1,628ft.,  the  [reatesl  ec  ntinuous  length 
oi  this  gradient  |ft.,  and  thi 

.  was  1  in  80  d  length  being  9,628ft.,  tbegreateal  length  of  this 

■  "in.,  and  several  longths  of  about  2, ft.eacb.    The  aso 

i  from  l  in  27  to  i  in  80,  while  the  dc  landing  grad 
Mahebourg  varied  from  l  in  SO  to  l  in  80.    The  (.aires  va 
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950ft.  radius  to  6,000ft.  radius,  and  the  lengths  of  these  curves  ranged  from 
200ft.  to  3,200ft.  The  ordinary  radii  were  generally  from  2,000ft,  to  3,000ft. 
The  sharpest  radius  which  occurred  on  the  steepest  gradients  of  1  in  27  and  1 
in  30  was  1,600ft. :  the  greatest  continuous  length  of  this  curve  being  900ft.  on 
the  former  gradient,  and  1,930ft.  on  the  latter.  The  next  radius  in  severity  was 
2,000ft.  on  the  maximum  gradient  of  1  in  27,  the  greatest  continuous  length 
of  this  curve  being  1,000ft.  Reverse  curves  of  this  radius  1,920ft.  in  length 
were  also  found  on  the  maximum  inclination  of  1  in  27.  On  descending 
from  the  summit  to  Mahebourg,  the  line  from  the  17th  mile  to  the  19th  mile 
might  he  said  to  be  composed  wholly  of  reverse  curves ;  and  at  the  29th  mile 
the  radius  was  only  1,400ft.,  the  length  of  this  curve  being  1,980ft.,  chiefly  on  a 
gradient  of  1  in  30.  Of  curves  under  2,000ft.  radius  there  was  an  aggregate 
length  of  21,165ft. ;  of  those  ranging  from  2,000ft.  to  4,000ft.  radius  there  was 
a  length  of  49,710ft. ;  and  of  curves  from  4,000ft.  to  6,090ft.  (the  greatest 
radius),  there  was  an  aggregate  length  of  25,560ft.,  the  total  length  of  curves 
being  96,435ft.,  and  of  the  straight  portions  of  the  line  89,467ft. 

The  locomotives  furnished  under  the  original  contract  for  working  these 
inclines  were  seven  in  number,  and  of  the  following  description : — they  were 
tank  engines,  having  cylinders  16in.  in  diameter,  with  a  length  of  stroke  of 
22in. ;  the  wheels,  six  in  number,  were  3ft.  6in.  in  diameter,  and  were  all  coupled, 
the  length  of  the  wheel  base  being  15ft.  When  supplied  with  water  and  fuel, 
these  engines  weighed  nearly  37  tons,  and  they  were  worked  with  a  pressure  of 
steam  of  1201bs.  per  square  inch.  Subsequently  six  larger  saddle-tank 
locomotives  were  designed  by  Mr.  Hawkshaw,  having  the  following  dimensions  : — 
cylinders  18in.  in  diameter,  with  a  length  of  stroke  of  24in. ;  the  wheels,  eight 
in  number,  were  4ft.  in  diameter,  and  were  all  coupled,  the  length  of  the  wheel 
base  being  15ft.  6in.  When  supplied  with  water  and  fuel,  these  engines 
weighed  nearly  48  tons,  and  they  were  worked  with  a  pressure  of  steam  of 
1201bs.  per  square  inch.  The  centre  pairs  of  wheels  (one  of  which  was  the 
driving  pair)  were  fixed  stiff  on  th'e  frame ;  but  in  order  to  pass  easily  round 
the  curves,  both  the  leading  and  the  trailing  wheels  had  f  of  an  inch  play  on 
each  journal,  and  the  joints  of  the  coupling  rods,  connecting  these  wheels  with 
the  driving  pair,  were  fitted  with  a  ball  and  socket,  so  as  to  allow  the  requisite 
motion.  All  the  engines  were  manufactured  by  Messrs.  Sharp,  Stewart  and 
Co.,  and  worked  very  satisfactorily.  These  engines  would,  with  passenger 
trains,  take  five  carriages  and  one  break-van,  equal  to  a  load  of  42  tons,  though 
on  some  occasions  they  had  hauled  eight  loaded  vehicles,  weighing  in  all  about 
56  tons;  while  with  goods  trains  the  usual  load  with  the  lighter  locomotives 
was  70  tons,  and  with  the  heavier  locomotives  from  100  tons  to  120  tons.  It 
should,  however,  be  stated,  that  b}r  reducing  the  lead  of  the  slide  valves  to  one- 
eighth  of  an  inch,  the  power  of  these  engines  had  recently  been  increased  10  per 
cent.  The  average  speed  of  the  passenger  trains,  including  stoppages,  was  12 
miles  per  hour  between  Port  Louis  and  the  summit,  and  15  miles  per  hour  from 
Mahebourg  to  the  summit ;  while  that  of  the  goods  trains  was  about  9  miles 
an  hour,  including  frequent  stoppages.  The  particulars  of  a  trip  made  on  the 
12th  December,  1867,  when  the  fuel  and  water  were  noted  more  accurately  than 
usual,  were  given  in  detail.  From  these  it  appeared  that  the  train  consisted  of 
ten  loaded  wagons  weighing  together  83  tons,  or  with  the  engine  a  gross 
load  of  131  tons ;  the  average  speed  from  Port  Louis  to  the  summit  was  11 
miles  per  hour,  and  taking  the  average  pressure  of  steam  in  the    cylinder  as 

ml,  .  ,  ..  .  ,  „  .  131  x  60  x  12  x  88  = 
eOlbs.  per  square  inch,  the  power  exerted  would  be   „.,    _  

230  H.P.,  or  not  including  the  weight  of  the  engine  146  H.P.,  and  this  divided 
by  the  weight  of  the  locomotive  was  equal  to  3-04  H.P.  per  ton  of  motor.  The 
coal  used  on  the  above  trip  was  obtained  from  Sydney,  N.S.W.,  and  the  con- 
sumption amounted  to  4-75lbs.  per  H.P.  per  hour,  81bs.  of  water  being  evaporated 
by  lib.  of  coal,  but  ordinarily  only  7ilbs.  of  water  were  evaporated  by  lib.  of  this 
coal. 

With  the  exception  of  the  first-class  carriages,  all  the  others  on  this  railway 
had  a  Break  on  every  wheel,  worked  from  the  inside.  The  ordinary  passenger 
trains  were  composed  of  one  first,  one  second,  and  two  third-class  carriages,  with 
one  break-van,  and  to  these  trains  Mr.  Clark's  continuous  break  was  attached. 
This  apparatus  was  worked  by  a  chain,  which  tightened  the  breaks  on  every  one 
of  the  wheels  simultaneously.  The  breaks  were  taken  off  by  heavy  counter- 
balance weights,  resting  longitudinally  over  the  chain  in  the  centre  of  the 
carriage,  between  the  front  and  end  wheels.  This  apparatus  was  sufficiently 
powerful  to  lock  every  wheel,  and  had  worked  satisfactorily ;  for  during  two 
years  there  had  not  been  a  single  fracture  of  the  chain,  nor  of  anj-  of  the  working 
parts.  It,  however,  required  careful  management,  and  must  be  applied  gradually, 
before  the  train  had  acquired  serious  momentum.  The  break-van  of  every 
passenger  train  was  now  provided  with  sand  boxes  leading  to  the  rails,  as 
formerly  the  dew  on  the  rails  wetted  the  wheels  of  the  break-van,  and  prevented 
the  friction  rollers  of  the  apparatus  from  revolving ;  whereas,  as  soon  as  sand  was 
applied,  the  wheels  became  dry,  and  the  friction  rollers  acted  efficiently.  Every 
train  of  four  or  five  carriages  had  two  guards,  one  to  work  the  continuous  break, 
the  other  to  use  the  separate  break,  if  necessary,  attached  to  that  carriage  which 
was  not  the  continuous  break.  Thejheaviest  passenger  train  which  had  descended 
from  the  summit  to  Port  Louis  consisted  of  fourteen  carriages  and  two  break- 
vans,  conveying  five  hundred  and  thirteen  troops.  This  was  on  the  14th 
November,  1868,  and  it  was  kept  perfectly  under  control  by  the  continuous  break 
on  four  carriages,  and  by  five  additional  breaksmen,  the  speed  being  steadily 
maintained  at  20  miles  per  hour.  There  were  but  four  instances  of  passenger 
trains  getting  for  a  time  beyond  control : — first,  one  morning  when  the  rails 
were  wet,  a  train  descended  from  the  summit  for  a  distance  of  3|  miles  in  five 
minutes,  or  at  a  speed  of  45  miles  per  hour.  This  was  the  highest  speed  on 
record,  and  it  occurred  before  the  sand  boxes  were  put  on  the  break-vans. 
Secondly,  in  a  similar  way,  another  train  attained  a  speed  of  32  miles  per  hour. 
Thirdly,  a  train  over-ran  a  station  for  a  considerable  distance,  chiefly  from  the 


want  of  sufficient  care  on  the  part  of  the  engine  driver  and  guards.  Lastly' 
a  train  onee  attained  an  excessive  speed  in  descending  from  the  summit,  through 
the  dropping  off  of  the  nut  of  the  eyebolt  passing  through  the  axle  on  which  the 
continuous  chain  of  the  break  apparatus  was  wound.  The  speed  in  descending 
the  inclines  was  limited  theoretically  to  18  miles  per  hour,  practically  it  rarely 
exceeded  25  miles,  and  the  carriage  braaks  were  generally  sufficient  to  control  the 
train,  without  the  necessity  of  applying  the  engine  break.  The  goods  trains  in 
descending  the  inclines  as  a  rule  consisted  of  eight  loaded  wagons  with  the 
lighter  locomotives,  and  of  ten  or  twelve  wagons  with  the  heavier  engines :  and 
in  these  cases  also  the  breaks  on  the  wagons,  two  being  screw  breaks  and  the 
remaining  wagons  being  furnished  with  the  ordinary  lever  breaks,  afforded  power 
sufficient  to  control  the  trains.  It  had  long  been  in  contemplation  to  make 
Safety  Sidings  at  the  foot  of  the  steepest  inclines,  but  the  ground  was  by  no 
means  favourable  for  the  purpose,  and,  moreover,  it  was  feared  that  such  sidings 
might  become  a  source  of  danger. 

The  rules  in  force  for  the  regulation  of  the  traffic  on  the  main  line  and  at  the 
stations  were  then  given  in  detail,  as  well  as  the  traffic  returns  for  the  years  1866 
and  1867,  the  rates  for  passengers  and  goods,  and  the  statement  of  the  receipts 
and  expenditure  for  the  year  1866,  from  which  latter  it  appeared  that  the  work- 
ing expenses  were  then  62£  per  cent,  of  the  receipts  ;  but  this  result  was  said  to 
be  due  to  several  exceptional  causes.  Considering  the  high  price  paid  for  skilled 
labour  and  for  fuel,  the  agricultural  character  of  the  district  through  which  the 
line  passed,  the  severity  of  the  gradients,  the  want  of  anything  that  could  be 
called  a  town  save  at  Port  Louis,  the  lack  of  minerals  or  manufactures  to 
transport,  the  peculiar  nature  of  the  sugar  traffic — requiring  a  large  amount  of 
rolling  stock  for  three  months  in  the  year,-  whereas  for  the  remaining  nine 
months  less  than  half  the  quantity  sufficed — the  Author  thought  it  was  not 
surprising  that  the  working  expenses  of  the  Midland  line  should  in  1866  have 
been  62J  per  cent,  of  the  receipts,  or  5s.  bd.  per  train  mile.  Now  that  the 
heavier  locomotives  enabled  a  larger  amount  of  sugar  to  be  carried,  and  when  the 
goods  traffic  was  further  developed,  it  was  believed  a  considerable  decrease  in  the 
per  centage  of  working  expenses  to  receipts  would  ensue,  accompanied  also,  it 
was  hoped,  by  a  reduction  in  the  cost  per  train  mile. 

In  conclusion  it  was  remarked,  that  although  it  might  sometimes  be  impos- 
sible to  construct  a  railway  with  easier  gradients  than  those  on  the  Midland 
line,  yet  the  difficulty  of  working  these  inclines  in  wet  weather  had  been  so  great 
the  load  hauled  so  small,  and  the  speed  so  low,  that  the  Author  thought  the 
severity  ot  any  gradient  for  a  long  rise  should  never  exceed  1  in  40 ;  and  that  it 
would  be  always  preferable  (under  the  ordinary  system  of  tractive  power),  to 
incur,  within  reasonable  limits,  any  additional  expense  that  might  be  requisite 
to  bring  the  inclination  within  this  ratio.  It  was  also  suggested  that  in  laying 
out  such  inclines,  whatever  might  be  the  ruling  gradient,  (provided  it  was  not 
entirely  exceptional,  and  where  additional  power  could  be  applied,)  that  gradient 
should  be  followed  throughout  the  line,  as  far  as  the  features  of  the  country 
would  permit.  It  was  likewise  recommended,  that  pieces  of  level  should  be  intro- 
duced between  the  different  inclinations,  as  they  were  of  the  greatest  value,  in 
controlling  the  trains  in  descending.  The  Midland  line  had  now  been  opened  for 
more  than  three  years,  and  fortunately  no  accident  had  yet  occurred  to  any  train 
in  descending  the  inclines. 

The  Appendix  contained  a  summary  of  the  gradients  and  curves,  the  details  of 
the  locomotives  and  schedule  of  the  rolling  stock,  the  imports  and  exports  in 
Mauritius  from  1860  to  1866,  the  population,  revenue  and  expenditure  of  the 
island,  and  the  immigration  returns  between  the  same  dates,  a  memorandum  of 
the  steam  machinery  and  of  the  value  of  labour  and  materials  in  the  island,  and 
meteorological  observations  taken  at  Port  Louis  in  1865. 

At  the  meeting  of  this  Society  on  Tuesday,  the  2nd  ult,  Mr.  Charles  Hnttou 
Gregory,  President,  in  the  Chair,  fourteen  candidates  were  balloted  for,  and  de- 
clared to  be  duly  elected,  including  four  Members,  viz. :  Mr.  Joseph  Haywood 
Watson  Buck,  Resident  Engineer  of  the  Standedge  Tunnel  Works,  on  the 
London  and  North  Western  Railway ;  Mr.  Thomas  Dale,  Engineer  of  the  Cor- 
poration Water  Works  Hull ;  Mr.  Peter  Greek,  Chief  Engineer  for  Railways  in 
the  Imperial  Russian  Service ;  and  Mr.  Henry  Johnston  Wylie,  Westminster. 
Ten  gentlemen  were  elected  Associates,  as  follows :  Mr.  John  Bowden,  Deputy 
Borough  Surveyor,  Salford ;  Mr.  Alfred  Mountain  Fowler,  Borough  Surveyor, 
Leeds;  Mr.  Charles  Hart,  Parsonstown;  Mr.  Bleamire  Moody  de  Michele, 
Resident  Engineer,  Recife  Drainage  Company,  Pernambuco ;  Mr.  Joseph 
Musgrave,  Bolton  ;  Mr.  Eyre  William  Preston,  Assistant  Engineer  on  the  Great 
Indian  Peninsula  Railway  ;  Mr.  Alfred  Lewis  Sacre,  Manager  of  the  Yorkshire 
Engine  Works,  near  Sheffield;  Mr.  Harco  Theodoras  Hora  Siccama,  Engineer- 
ing Staff  of  the  London  and  North  Western  Railway  ;  Mr.  Augustus  Horace 
Strongitharm,  Assistant  Engineer,  Furness  Railways  ;  and  Mr.  Joseph  William 
Wilson,  Craven  Street. 

It  was  also  announced  that  the  Council  had  recently  admitted  the  following 
Candidate  a  Student  of  the  Institution  :  Joseph  Pomfret  Van  der  Meuleu. 


DESCRIPTION  OF  THE  NEW  FERRY  AND  THE  NEW  BRIGHTON 
PIERS  AND  LANDING  STAGES,  ON  THE  RIVER  MERSEY,  NEAR 
LIVERPOOL. 

By  Me.  Heney  Hoopee,  Ass«c.  Inst.  C.E. 
The  ferry  accommodation  of  the  river  Mersey  having  been  briefly  noticed,  it 
was  stated  that  in  order  to  provide  a  means  of  communication  by  water  between 
the  central  and  the  southern  portions  of  Liverpool  and  New  Ferry  on  the  opposite 
shore,  the  Mersey  River  Steam  Boat  Company  was  originated,  to  run  steamers 
from  the  Prince's  Stage  to  the  south  end  of  the  borough,  and  thence  across  the 
estuary  to  New  Ferry. 
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This  necessitated  the  erection  of  a  Pier,  with  landing  stage  and  connecting 
bridge,  at  New  Ferry,  which  'was  constructed  from  the  designs  of  Mr.  Brunlees, 
M.  Inst.  C.E.,  by  Messrs.  W.  and  J.  Galloway  and  Sons,  under  the  superin- 
tendence of  the  Author.  The  Pier  consisted  of  fourteen  spans,  each  58  feet  in 
the  clear.  It  was  formed  of  three  lines  of  wrought-iron  girders,  placed  9  feet 
apart  from  centre  to  centre,  and  resting  on  cast-iron  columns.  The  openings 
were  arranged  in  three  groups,  the  first,  from  the  retaining  wall  towards  the  river, 
comprising  five  bays,  then  two  rows  of  columns,  next  four  bays  and  again  two 
rows  of  columns,  and.  lastly  five  bays,  terminated  by  a  platform,  18  feet  by  16 
feet,  supported  on  a  cluster  of  eighteen  columns  aud  piles.  The  girders  were 
each  60  feet  in  length,  4  feet  9  inches  in  depth,  and  of  the  ordinary  lattice  form, 
footways  of  Memel  planking  being  carried  on  the  bottom  flanges.  The  two 
footways  were  each  8  feet  4  inches  in  width,  and  were  assigned  respectively  to 
the  traffic  passing  in  opposite  directions.  The  top  member  of  the  girder  was 
composed  of  two  half-round  bulb  irons,  forming,  when  rivetted  together  through 
the  flanges,  a  tube  of  8  inches  external  diameter.  The  two  outside  girders  were 
each  calculated  to  bear  a  load  of  120  lbs.  per  superficial  foot  of  platform,  and  the 
centre  girder  was  nearly  twice  the  strength  of  the  others.  The  supporting 
columns  were  12  inches  external  diameter,  the  metal  being  three-quarters  of  an 
inch  in  thickness.  They  were  generally  cast  in  lengths  of  10  feet,  aud  were  con- 
nected together  by  flange  joints,  excepting  the  junction  of  the  columns  witli  the 
pile-;,  which  was  of  a  socket  form.  The  piles  were  cast  in  variable  lengths,  to 
suit  the  contour  of  the  ground  ;  they  were  furnished  with  one  turn  of  a  screw  at 
the  bottom,  2  feet  6  inches  in  diameter,  the  metal  being  I5-  inch  in  thickness  at 
the  root,  and  the  top  of  each  pile  was  of  a  plain  spigot  form.  The  piles  were 
screwed  down  to  depths  of  from  6  feet  to  10  feet  by  means  of  capstans. 

The  outer  edge  of  the  platform  at  the  head  of  the  pier  formed  a  bearing  for  the 
moveable  joint  at  the  upper  end  of  the  Bridge  connecting  the  pier  with  the 
floating  stage.  This  joint  allowed  a  horizontal  and  vertical  motion  of  the  bridge, 
and  consisted  of  a  strong  wrought  iron  girder,  having  a  radial  motion  round  a 
steel  pin,  1  inches  in  diameter,  fixed  to  part  of  the  framework  on  the  top  of  the 
columns.  The  vertical  motion  was  obtained  by  means  of  a  hinge  under  each 
girder  of  the  bridge,  composed  of  a  wrought-iron  forging,  bolted  to  a  rotating 
girder,  and  a  steel  pin.  2$  inches  in  diameter,  passed  through  it  and  the  two 
forged  straps  rivetted  round  the  end  of  the  bridge.  The  under  side  of  the 
rotating  girder  immediately  beneath  these  hinges  was  supplied  with  two 
sheaves,  or  rollers,  bearing  on  segments  fixed  to  the  heads  of  the  columns. 
The  Bridge  was  L58  feet  in  length,  and  was  formed  of  two  bowstring  girders 
on  the  lattice  principle,  10  feet  in  depth  at  the  centre,  and  placed  9  feet  8  inches 
apart.  1  be  girders  were  kept  in  piace  at  the  bottom  by  T  irons,  and  at  the 
top  by  an  arch  of  wrought  iron.  The  lower  end  of  the  Bridge  was  suspended 
by  chains  from  a  wrought  iron  cradle  fixed  on  the  floating  stage.  This  was 
Considered  a  ■       luce  the  strain  on  the  Pier  aud  Bridge,  caused  by 

tin,'  rolling  of  tin-  stage,  and  was  found  to  answer  very  well.  The  platform  of 
the  Pin-  was  12  feel  above  high  water  of  ordinary  spring  tides,  and  7  feet  above 
an  extraordinary  til'-  of  21  feet. 

The  flo  tting  ita  [e  was  loo  feet  in  length  by  22  feet  in  breadth,  tapering  for  a 
length  of  19  feet  '■>  l'.i  feet  at  each  end.  A  spur,  22  feet  by  11  feet,  projected 
at  the  hack  under  the  bridge.  The  pontoon  was  7  feet  3  inches  in  depth,  and 
the  side-,  bad  a  butter  inwards  of  1  foot.  It  was  built  of  ribs  of  T  iron,  and  was 
divided  into  five  compartments  by  four  watertight  bulkheads.  To  increase  its 
stiffni  was  a  longitudinal  bulkhead  along  the  centre  of  the  pontoon, 

and  smaller  bulkheads  under  the  cradle  supporting  the  bridge.  The  deck  and 
appurtenances  were  of  the  usual  description.  The  stage  was  moored  by  four 
chain,,  two  at  each  end  of  the  pontoon.  Each  chain  was  50 fathoms  in  length, 
and  al  righl  angles  to  the  adjoining  one,  the  end  of  each  being  secured  to 
an  anchor  with  one  fluke.  Provision  was  made  for  taking  in  the  slack  of  the 
chains  by  two  sett  of  gearing,  fixed  on  the  stage,  one  at  each  end.  The  pontoon 
drew  about  2  fpet  of  water,  and  at  low  water  of  spring  tides  there  was  never 
less  than  from  7  feet  to  8  feet  of  water  at  the  front  of  the  stage. 

The  dimensions  of  the  various  parts  of  the  structure  were  given  in  detail; 
and  with  regard  to  the  expenditure  upon  the  works,  it  appeared  that  the  ap- 
proaches  cost  til .063,  the  pier  (including  the  bridge)  £7,74/0  and  the  stage 
62,674,  making  a  total  of  .£11,477. 

The  design  for  the  Xew  Brighton  Pier,  and  handing  Stage  was  of  a  similar 
character  to  that  of  the  New  Ferry  Pier,  and  was  likewise  furnished  by  Mr. 
Brnnlee  ,  the  original  contractors  being  .Messrs.  Rothwell  and  Co.,  but  the 
works  were  finally  completed  by  Messrs.  Bowdler  and  Chaffer. 

Tin-  if  three   lines   of    wrought  iron  girders,  each  60  feot  in 

tb,  the  numb  or  spans  being  twelve,  divided  into  three  groups  of 

four-  by  two  intermediate  rows  of  columns.     The  enlarged  platform 

at  the  river  end  of  the  pier  was  83  feet  I!  inches  by   L6  feel,  and   Was  supported 

by  short  wrought  iron  ting  upon  n  cluster  of  twenty  vertical  and 

thirteen  raking  <■.  damns,  12  inches  external  diameter,  the  metal  being 

rew  piles  wi        feetBinohi    in  di  imeter, 
i  I  hrongh  variable  depl  he  ol   from  5 

.id  gravel  to  the  rl  the  rook  underneath.    The 

width  of  the  1  centre  of  tb  irdera  was  2]   fi 

inches  (the  Be   platform   into  tell  10 

the  clear,  I  I  inning  the 

The  Bridge  connecting  the  pier  and  stage  was  160  feet  in  length;  the  two 
■  were    1 1    feel  ap  url  from  1  1  cleai   footway  of 

10  fe  ■  ■   end   of  II"  I    B      inui  <     and 

the  lower  end  -.as  hang  by  chains  from  a  wrought  iron  oradle  on  the 
principle  as,  thai  I  erry. 

The  Floating  Stage  was  200  teet  in  length  by  :i'>  KmI  in  breadth,  an 

of  twelve  pontoons,  connected  by  three  Lines  of  lattice  girdora  and  two 
linns  of  box  keelsons.    The  end  pontoons  were  pointed  so 
and  were  each  'J'.i  feet  by  is  feel  :  Liate  pontooi 

by  11  lepth  of  all 


stage  was  finished  in  the  usual   manner,  and  was  provided  with  all  uecessarv 
fittings.  J 

The  dimensions  of  the  various  parts  were  given  in  detail,  and  in  conclusion  it 
was  stated,  that  the  total  cost  of  the  pier,  bridge,  stage,  and  subsidiary  works 
had  amounted  to  £23,906. 


ON  THE  LAGOONS  AND  MARSHES  OF  CERTAIN  PARTS  OF  THE 
SHORES  OF  THE  MEDITERRANEAN. 
By  Peofessoe  D.  T.  Axsted,  F.R.S. 
The  author  commenced  by  alluding  to  the  relations  of  physical  geography  and 
geology  to  engineering,  and  proceeded  to  describe  the  state  of  the  Rhone  its 
delta  and  the  tract  called  the  Camargue.  He  remarked  that  the  actual  delta 
was  limited  to  the  west  by  the  stream  of  the  Vidourle,  and  to  the  east  by  the 
Crau ;  its  extreme  breadth  being  40  miles,  aud  its  area  180,000  acres;  and  he 
noticed  that  while  the  main  stream  had  gradually  been  shifting  towards  the 
east,  the  pseudo-deltaic  formations  subordinate  to  it  had  been  rapidly  advancing 
towards  the  west  and  south.  He  then  alluded  to  the  condition  of  the  Rhone 
current,  aud  the  evidence  that  the  delta  had  advanced  outwards  towards  the  sea 
within  the  historic  period  by  a  distance  measured  by  miles.  The  mode  of  for- 
mation ot  the  delta  was  described  as  follows  :— Sand,  drifted  by  marine  currents 
from  the  south-east  from  beyond  the  mouth  of  the  Rhone,  formed  mounds  or 
dunes,  at  places  where  fresh  water  running  down  from  the  land  met  the  salt 
water.  The  dunes  increased  in  number  along  a  line  parallel  to  the  shore  till 
they  formed  an  imperfect  border  to  brackish-water  lagoons.  During  summer 
the  dunes  became  connected,  and  in  the  rainy  season  breaches  were  caused  by  the 
sea.  At  length,  a  complete  barrier  was  effected,  and  a  nearly  fresh-water  la°-oou 
was  formed.  The  same  work  was  then  repeated,  aud  the  lagoon  was  filled  up,  more 
or  less  completely  in  the  course  of  time,  by  warping,  so  that  a  permanent 'addi- 
tion was  made  to  the  land.  The  largest  lagoon  of  the  delta  (that  of  Valcares) 
was  next  described.  It  covered  25,000  acres,  and  was  protected  by  an  artificial 
sand  dyke,  10^  miles  long,  completed  in  1857.  The  other  works  executed,  with 
the  exception  of  some  locks  aud  canals  to  keep  open  channels  to  the  sea  were 
very  slight.  ' 

Details  were  next  given  of  the  great  system  of  lagoons  exteuding  beyond  the 
true  delta  of  the  Rhone  to  the  Cape  of  Agde,  a  distance  of  nearly  40  miles 
which  the  author  believed  to  be  of  no  great  geological  antiquity.  Beyond  the 
delta  the  district  consisted  at  first  of  the  tertiary  deposits,  near  Montpellier 
then  of  the  Jurassic  formations  of  the  ridge  of  the  Gardeole,  and  finally  of  the 
basaltic  rocks, continued  from  Central  France,  and  which  terminated  at  the  Cine 
of  Agde.  * 

The  lagoon  of  Mauguio,  the  first  beyond  the  Vidourle,  had  an  area  of  8,000 
acres  ;  its  greatest  depth  was  4ft.  7in.,  and  the  level  of  the  water  was  Sin.  below 
the  Mediterranean  in  summer.  It  communicated  with  the  sea  by  only  one 
opening,  and  was  separated  fiom  it  by  a  sandbank  at  first  1J  mile  wide 
gradually  narrowing  to  500  yards  or  600  yards.  Towards  the  laud  were  exten- 
sive marshes,  and  all  the  villages  around  were  very  unhealthy.  It  received  the 
drainage  of  about  78  square  miles,  by  a  number  of  streams,  the  longest  of  which 
was  about  13  miles.  This  lagoon  was  nearly  separated  from  the  next  (the 
lagoon  of  Perols)  by  a  tongue  of  land,  beyond  which  came  the  drainage  of  a 
stream  (the  Lez).  The  lagoon  of  Perols,  and  the  next  in  order,  that  of  Grec 
covered  about  3,300  acres,  of  which  about  2425  were  under  water,  the  rest  bein«- 
marsh.  The  maximum  depth  of  water  was  only  33in.  below  the  summer  water 
level,  which  was  7m.  below  the  Mediterranean.  The  marshes  around  were  about 
10m.  above  the  water  level.  These  lagoons  received  little  water  from  the  land 
immediately  around.  They  had  been  fed  almost  entirely  from  the  drainage  area 
ot  the  Lez,  now  conducted  by  canals  direct  to  the  sea.  The  drainage  area  of  the 
Lez  was  125  square  miles,  but  the  effect  of  rain  was  rapid  and  considerable 
owing  to  the  form  of  the  ground,  and  the  extremely  heavy  showers  that  some- 
times fell.  There  were  three  lagoons  between  that  of  Grec  and  the  great  lagoon 
of  lhau,  the  total  water  area  being  11,280  acres.  They  received  the  drainage 
of  about  33  square  miles  of  country,  and  the  physical  conditions  accounted  for 
the  lagoons.  The  lagoon  of  Thau  covered  20,(hio  acres,  i!s  only  natural  outlet 
being  at  the  extreme  south.  It  received  the  drainage  of  about  190  Bqoare  miles 
ot  country.  The  works  projected  for  the  improvement  of  the  sanitary  con- 
dition ot    the  00(1     1   the  recovery  of  the  marsh  lands,  w  ,1  ,,|i,, 

aud  were  stated  to  bo  on  the  whole  satisfactory. 

Attention  was  then    directed  to  the  lagoons  of  the  Bast  Coast  of  Corsioa, 

Ihese    were    derived    from    the    detritus   brought    down    1",     the   rivers    from    the 

mountains.    The  Qolo  was  the  chief  river,  and  the  1.. 
lagoon.    It  1       ided    1  .nh  ol   the  Gtolo,  its  length 

breadth  for  6  mile,  1,000 yards.     Beyond  this, to  the  uortb,  was  a  narrow  in 

water  communicating  with  the  sea,     Ths  total  water  an      •  1       .  10  sot        the 

maMiii  was    Lit.   f.in.,  and    the  mean     .  in.      |i    wu  separated 

from  the  sea  by  ..  Baad  bank,  900  yards  wide  near  the  (iolo,  and 
the  other  end.     Daring  storms  tho  waves  wasl 

ues  fresh,  and  somi  times  salt.    The  drs   1  -    applying 

'nil.-:,  but  it  was  aiade  up  of  three  parts— 

b  tween    tie-    Qolo     ml    thi  Bovinco,    the    principal    feeder— 

'.  the  draiuage  area  of  the  Bevi  I  the  other,  a   small 

ground    inpplying  water  to  ths  neck  beyond  tho  Bevinco.      f/he  author  then 

itnl  nut  t,.  the 

id  a  luduotiug  tin-  waters  "i  tie-  Bevinco  to tl  I  I  the 

li,000  acres)  was  not  at  all  unfavourable  for  complete  dram 
spared  the  case  ol  the  Bevinco  to  the  that  ..i   the  Lex,  on  tb< 
■  hat  there  was  historical  evid.  me  roudsrit 
"   Bevinco  had  onlj  recently  added  1'     wat<  1  -  to  'if  1     ioni 

:a,  owing  to  the  gradual  advance  1  :;Cr, 
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and  that  the  coast  was  comparatively  healthy,  and  was  inhabited,  before  this 
event  took  place.  He  mentioned  that  the  ease  of  the  other  lagoons  along  the 
coast  was  similar  generally  to  that  of  the  Biguglia  ;  but  that  each  needed  separate 
consideration,  according  to  the  physical  geography  of  the  district. 

Rainfall  statistics  both  of  the  coast  of  Languedoc  and  that  of  Corsica  were 
then  given,  from  which  it  appeared  that  the  average  rainfall  on  the  coast  of 
Prance,  near  the  delta  of  the  Rhone,  was  about  36in.,  and  of  the  coast  of 
Corsica  not  more  than  24in.  for  the  years  of  observation.  The  extremes,  were 
however,  very  great,  and  the  mean  annual  fall  was  of  little  value  for  practical 
work.  The  seasonal  falls  were  also  given,  and  some  particulars  of  heavy  rain 
on  both  coasts. 

The  author  concluded  with  the  following  summary  of  the  practical  hearing 
of  the  facts  adduced  : 

First.  That  the  malarious  lagoons  and  marshes,  of  which  there  were  so 
many  examples  on  various  shores,  were  the  result  of  the  interception  of  waters 
coming  off  small  tracts  of  land,  or  of  small  and  torrential  streams,  by  banks  of 
drifted  sand  and  mud,  proceeding  from  larger  rivers,  carrying  out  to  some  dis- 
tance large  quantities  of  detritus  which  was  distributed  by  marine  currents. 

Secondly.  Thot  a  study  of  the  existing  physical  geography  of  each  district 
affected  by  malaria,  combined  with  a  knowlege  of  its  geology,  was  sufficient  to 
explain  the  conditions,  and  to  determine  the  history  of  the  operations  that  had 
terminated  in  the  formation  of  the  malarious  marshes  and  lagoons. 

Thirdly.  That  the  removal  of  malaria,  whether  to  be  effected  by  complete 
drainage  or  by  partial  drainage,  accompanied  by  the  keeping  ceriain  lagoons  in 
free  communication  with  the  sea,  could  only  be  hoped  for  by  engineering  opera- 
tions, based  on  tne  special  history  of  the  case  under  consideration,  as  determined 
by  a  knowledge  of  the  physical  geography  and  geology  of  the  district. 

Fourthly.  That,  in  certain  cases  where  small  torrential  streams  had  been 
kept  back  from  the  sea  by  the  rapid  accumulation  of  drifted  sand,  the  drainage 
of  the  marshes  and  lagoons  might  be  rendered  comparatively  easy  b}'  keeping 
open  a  permanent  channel  for  such  streams. 

Fifthly.  That  the  principle  of  breaking  up  the  drainage  areas  supplying 
water  to  the  lagoons  into  smaller  areas,  each  of  which  admitted  of  separate 
1  reatment,  being  suggested  by  the  history  of  lagoons  generally,  was  the  princi- 
ple which  should  be  adopted  in  all  cases  where  sanitary  improvement  was  called 
for,  and  would  generally  be  found  advantageous  in  an  economic  sense. 


WIRE  ROPE  TRANSPORT. 
Some  interesting  experiments  have  lately  been  made  at  Bardon  Hill, 
near  Leicester,  to  test  the  merits  of  an  invention  which  has  recently  been 
patented  by  Mr.  Hodgson,  C.E.  The  invention  has  for  its  object  the  con- 
struction of  light  and  cheap  ways  for  the  transport  of  mineral  or  agri- 
cultural produce  in  localities  as  yet  unprovided  with  railways.  The  system 
maj  briefly  be  defined  as  a  continuous  development  of  the  plan  not 
unusual  in  India,  Australia,  and  in  some  mining  districts,  of  bridging  over 
a  river  or  ravine  by  a  single  wire  rope,  by  which,  carried  in  a  bucket 
suspended  by  a  pulley,  the  necessary  loads  are  transmitted  from  one  point 
to  another.  To  accomplish  the  er  sy  passing  of  the  points  of  support 
necessary  to  carry  out  a  continuous  line  of  communication,  and  to  provide 
for  the  distribution  of  the  burden  and  the  application  of  motive  power, 
have  been  problems  of  no  small  difficulty ;  but,  after  experiments  on  a 
first  trial  length  of  half  a  mile,  during  the  autumn  of  last  year,  these 
practical  details  were  worked  out,  and  a  contract  was  immediately  entered 
into  for  a  line  of  three  miles  in  length  near  Leicester,  which  has  recently 
been  completed,  for  mineral  traffic.  This  line  consists  of  an  endless  wire 
rope,  supported  by  a  series  of  pulleys  carried  by  substantial  posts,  which 
are  ordinarily  about  150  feet  apart,  but,  where  necessary,  much  longer 
spans  are  taken,  in  one  case  amounting  to  nearly  600ft.  This  rope  passes 
at  one  of  its  ends  round  a  Fowler's  clip  drum,  worked  by  an  ordinary 
portable  steam-engine,  and  the  rope  is  thus  driven  at  a  speed  of  from  four 
to  six  miles  an  hour.  The  boxes  in  which  the  stone  is  carried  are  hung  on 
to  the  rope  at  the  loading  end,  the  attachment  consisting  of  a  pendant  of 
peculiar  shape,  which  maintains  the  load  in  perfect  equilibrium,  and  at  the 
same  time  enables  it  to  pass  the  supporting  pulleys  with  ease.  Each  of 
these  boxes  carries  1  cwt.  of  stone,  and  the  delivery  is  at  the  rate  of  about 
200  boxes,  or  10  tons,  per  hour  for  the  three-mile  distance.  The  propor- 
t:ons  of  such  lines  can  be  varied  to  any  extent  to  suit  the  requirements  of 
any  particular  trade,  ranging  from  10  tons  to  a  1,000  tons  per  day.  In 
the  case  of  lines  for  heavy  traffic,  where  a  series  of  loads,  necessarily  not  less 
than  5  cwt.  to  10  cwt.  each,  must  be  carried,  a  pair  of  stationary  sup- 
porting ropes,  with  an  endless  running  rope  for  the  motive  power,  will  be 
employed,  but  the  method  of  supporting,  and  the  peculiar  advantage  of 
crossing  almost  any  nature  of  country  with  a  goods  line  without  much  more 
engineering  work  than  is  necessary  for  fixing  an  electric  telegraph,  without 
bridges,  without  embankments,  and  without  masonry,  exists  equally  in 
both  branches  of  the  system.  The  cost  of  establishing  these  lines  will  vary 
considerably  in  proportion  to  the  quantity  they  are  required  to  carry,  but 
from  their  peculiar  construction  their  cost  will  vary  very  slightly  in  relation 
to  the  nature  of  the  ground  which  they  may  traverse.  The  merit  claimed 
by  the  inventor  consists  in  the  fact  that  he  his  entirely  surmounted  the 
difficulty  heretofore  felt  in  contriving  means  to  enable  the  boxes  in  which 
goods  are  conveyed  to  pass  along  uninterruptedly  to  a  great  distance,  in 


spite  of  curves  and  other  disadvantages.  The  wire-rope  employed  is  only 
half  an  inch  in  diameter,  and  this  is  kept  in  motion  by  an  engine  of  16- 
horse  power,  working  at  a  pressure  of  101b.  The  rope,  with  the  upright 
poles  on  which  it  is  supported,  has  somewhat  the  appearance  of  a  telegraphic 
wire;  the  great  difference  being,  that  in  the  one  case  the  objects  conveyed 
are  seen  in  the  course  of  their  transit.  Mr.  Hodgson's  present  desire  is  to 
make  his  invention  known  in  this  country,  in  order  that  he  may  ultimately 
find  favour  with  railway  directors  as  a  kind  of  auxiliary  or  accessory  to 
the  existing  means  of  transporting  goods  ;  but  his  prevailing  idea  is  that 
it  will  be  found  of  more  permanent  utility  in  the  colonies,  and  more 
particularly  in  those  parts  where  experience  has  shown  that  it  would  not 
pay  to  construct  a  railway. 


THE  ATMOSPHERIC  TELEGRAPH. 
A  number  of  engineering  and  other  gentlemen  assembled  a  few  weeks 
ago  at  the  Waterloo  Station  of  the  South-Western  line  of  railway,  for  the 
purpose  of  witnessing  and  testing  the  value  of  Messrs.  Weir  and  Co.'s 
atmospheric  telegraphic  patents.  At  Claphara  Junction  a  long  train  was 
in  readiness,  fitted  up  with  Mr.  Weir's  apparatus,  and  the  whole  principle 
of  the  invention  was  made  clear  in  a  few  minutes.  It  appears  to  meet  all 
the  requirements  of  the  Government.  By  Mr.  Weir's  plan  every  carriage 
of  a  train  of  any  length  can  be  provided  with  the  desired  communication, 
and  the  carriages  of  that  train  can  be  disconnected  easily  and  qnickly 
without  interfering  with  the  communication  more  than  a  minute  or  two. 
Mr.  Weir's  invention  is  simply  this — On  top  or  bottom  (whichever  is  most 
convenient)  of  each  carriage  is  placed  a  metallic  pliable-sided  air-vessel. 
In  connection  with  this  air-vessel  is  a  metal  tube,  which  rims  along  the 
bottom  of  each  carriage,  and  can  be  connected  with  other  carriages  in  a 
somewhat  similar  but  quicker  way  to  that  in  which  railway  carriages  are 
coupled.  Nothing  more  is  done  than  to  point  two  ends  of  the  tube  that  pro- 
jects from  the  ends  of  each  carriage  and  lock  them  securely  together  by 
some  peculiar  means.  In  each  carriage  is  suspended  what  may  be  called 
an  ordinary  bell-rope  handle,  which  the  passenger  has  only  to  pull  to  call 
the  attention  both  of  the  engine-driver  and  the  guard.  To  deter  pas- 
sengers Irom  using  tha  bell-ropes  unnecessarily,  on  the  handle  being 
pulled  down  it  become  locked,  and  cannot  be  replaced  until  the  guard 
comes  to  the  carriage  in  which  it  is  placed.  At  the  moment  of  pulling  the 
bell-rope  and  giving  alarm,  a  shutter  is  thrown  out  from  the  side  of  the 
carriage,  which  shows  the  guard  the  carriage  in  which  his  presence  is 
needed. 


PATENT  CASE.       . 

CEAIG   V.   M'FAKTjANE. 

A  case  of  interest  to  paper-makers  has  been  decided  by  the  Solicitor- 
General,  Sir  John  Coleridge,  at  his  chambers. 

Mr.  John  M'Farlane,  Leith-walk,  Edinburgh,  wire-cloth  manufacturer, 
in  the  month  of  August  last,  applied  for  letters-patent  for  "  Improvements 
in  Rollers  for  Paper  Making  Machines,"  and  obtained  the  usual  provisional 
protection  on  application  The  application  was  opposed  by  Mr.  Robert 
Craig,  of  Newbattle  Mills,  Dalkeith,  on  the  ground  that  he  was  the  first 
inventor  of  an  under  press  roller,  covered  with  vulcanite  and  vulcanised 
indiarubber,  which  formed  part  of  Mr.  M'Parlane's  claim  for  a  patent,  for 
which  Mr.  Craig  also  applied  and  obtained  the  usual  protection.  Parties 
were  heard  in  accordance  with  the  practice  of  the  patent  office,  in  the 
absence  of  each  other.  Mr.  Grove,  Q.C.,  and  Mr.  Junner  first  appeared  for 
Mr.  Craig,  and  contended  that  he  was  the  first  inventor  and  applier  of  the 
roller  which  had  worked  satisfactorily  at  one  of  his  mills  ;  that  Mr.  M'Far- 
lane, who  had  obtained  the  material  for  the  covering  of  the  rollers  from 
the  North  British  Rubber  Company,  simply  acted  as  Mr.  Craig's  employe, 
and  had  not  the  merit  of  the  invention  ;  and  that  Mr.  M'Farlane  had  only 
applied  for  his  patent  after  the  rollers  had  been  experimented  with  by  Mr. 
Craig,  and  been  found  a  success.  In  answer  to  certain  declarations  filed 
by  Air.  M'Farlane,  in  proof  of  his  having  experimented  at  a  paper-mill  at 
Wandsworth,  in  Surrey,  counsel  submitted  that  such  experiments,  assuming 
them  to  have  been  successful,  bad  only  reference  to  the  under  coutch-roll  of 
the  machine,  and  that  Mr.  M'Farlane,  upon  his  own  evidence,  had  not 
proved  that  he  had  ever  experimented  on  the  under  press-roll,  and  was  not 
entitled  to  the  sealing  of  his  patent. 

Mr.  Spence  appeared  for  Mr.  M'Farlane,  and  contended  that  he  was 
entitled  to  the  patent  for  the  coutch  and  press  rolls,  and  read  certain 
declarations  filed  for  Mr.  M'Farlane.  Mr.  Craig's  counsel  hiving  been 
called  in,  the  Solicitor-General  stated  that  he  would  cause  Mr.  M'Farlane's 
patent  to  be  sealed  for  the  coutch-roll  alone,  and  would  cause  Mr.  Craig's 
patent  to  be  sealed  for  the  press-roll,  being  all  that  was  claimed  by  the 
latter  in  his  specification. 
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NEW  METHOD  OF  DISCHARGING  SHIPS  OF  GRAIN. 
An  ingenious  and  apparently  practicable  method  of  discharging  vessels 
of  grain  has  been  devised  by  Mes-rs.  J.  and  A.  Hutcheson,  engineers, 
Springfield-lane,  Paisley-road.  Hitherto  this  kind  of  work  has  been  to  a 
great  extent  manual,  the  only  attempt  at  performing  it  means  of  ma- 
chinery not  having  been  very  successful.  The  Messrs.  Hutcheson's  pro- 
cess is  very  simpb.  A  screw  revolving  in  an  uprisht  cylinder,  the  one 
end  of  which  rests  in  the  hold,  brings  the  grain  rapidly  to  the  top  through 
its  thread,  which  is  sufficiently  deep  to  admit  of  the  passage  of  a  consider- 
able quantity.  Something  of  the  sort,  but  working  horizontally,  is  already 
well  known  under  the  term  "creeper"  in  grain  mills.  An  idea  of  the 
value  of  the  process  may  be  gathered  from  the  circumstance  that  two  llin. 
cylinders,  with  screws  of  3in.  pitch,  raised  grain  at  the  rate  of  14  bushels 
per  minute.  By  the  application  of  such  a  power  the  cost  of  discharging 
grain  ships  would  doubtless  be  very  considerably  lessened,  while  the  delay 
caused  by  the  present  method  would  be  obviated.  Another  feature  of  the 
invention  is  its  adaptability  to  the  purposes  of  the  pump.  With  a  greater 
rate  of  speed  than  is  required  for  raising  of  grain,  it  will  act  with  almost 
equal  facility  in  the  discharge  of  water,  or  grain  and  water  mixed.  We 
understand  that  the  machine  is  receiving  the  attention  of  some  of  our  lead- 
ing shipowners,  by  whom,  doubtless,  its  merits  will  be  fully  tested. 


THE  "LION"  SEWING  MACHINE. 
This  is  the  latest  and  most  perfect  construction  of  lock-stitch  sewing 
machine  for  general  factory  and  family  work,  designed  and  constructed  bv 
the  well  known  manufacturers,  Messrs.  Kimball  and  Morton.  One  of  the 
new  features  of  this  machine  is  a  new  design  of  frame,  the  part  above  the 
sole  plate  heing  in  the  form  of  a  lion  couchant  on  a  neat  sole  plate,  em- 
bedded in  the  wooden  table  of  the  main  standards  and  treadle  frame, 
combining  the  lion  and  eagle,  the  arms  of  the  two  countries,  where  the 
sewing  machine  has  heen  chiefly  adopted.  The  working  parts  lor  actuating 
the  shuttle  below  the  sole  plate  are  reduced  to  a  simple  reciprocating  con- 
necting rod,  which  actuates  the  carrier  and  driver  of  the  shuttle  and 
feeding  lever,  so  that  there  is  scarcely  a  possibility  of  anything  going 
wrong  with  these  few  and  simple  parts,  while  the  vertical  and  horizontal 
revolving  spindles  which  communicate  motion  to  the  needle  are  enclosed 
within  the  body  of  the  lion  ;  the  needle,  and  the  needle-holder,  working 
down  through  one  fore  leg  and  the  presser  foot  down  through  the  othpr, 
protected  from  dnst  or  injury,  and  working  with  very  little  noise.  The 
breast  of  the  "lion  "  is  removable  by  a  single  screw  for  tightening  up  the 
springs  or  joints  when  required  ;  and  the  fore  paws  are  removed  or  in- 
serted according  as  the  machine  is  at  work  or  not.  When  not  working 
these  feet  scop  the  'motion  of  the  needle-bar  and  mechanism,  thus  pre- 
venting the  machine  from  being  tampered  with  by  the  uninitiated,  or  the 
carelessness  of  parties  putting  their  foot  on  the  treadle.  The  machine, 
besides  being  filted  with  all  the  most  modern  improvements  for  stitching, 
hemming,  felling,  braiding,  binding,  cording,  frilling,  and  quilting,  is 
fully  as  easily  managed  as  any  machine  we  have  seen,  working  the  slightest 
fabrics  without  puckering  or  drawing,  and  from  the  fewness  of  parts,  as 
stated,  is  not  liable  to  get  out  of  order;  thus  combining  all  that  could  be 
desired  in  a  sewing  machine  for  general  purposes,  most  creditable  to  the 
makers. 


STOXE-DRES^IXt;  MACHINERY. 
A  number  of  master  builders  in  (ilasgow  have  erected  machinery  on 
the  Pollokshaws-road,  a  little  to  the  west  of  the  Barrhead  Railway 
Station,  for  the  purpose  of  dressing  or  polishing  stone.  The  machine  con- 
sists of  a  circular  iron  table,  on  which  the  flags  or  rough  stones  arc  laid. 
This  tabic  revolves  at  great  speed,  and  on  the  top  of  it  an  iron  frame  is 
placed,  which  can  he  raised  to  any  height  according  to  the  thickness  of  the 
stones  on  the  table.  The  top  flags  or  stones  are  put  loosely  into  the  frame, 
face  downwards,  and  are  carried  backwards  and  forwards  by  the  action 
of  the  machinery  while  the  b  .tt  mi  (tones  are  revolving.  Water  and  sharp 
sand  are  Died,  and  in  this  manner  great  friction  is  produced,  and  the  two 
laces  of  the  stone  are  worked  al  the  -ame  time.  On  January  13th  the 
machinery  was  started  for  the  tir-t  time  in  presence  of  a  number  of  gen- 
tlemen specially  invited  for  the  occasion,  'lie  revolving  table  was  packed 
with  rough  building  stones  t  >  the  extent  m'  about   eighty  square  feet,  and 

the  upper   frame    was   tilled  with  pavil  at   they   mine    out    (.('  the 

quarry.  Tin-  machine  was  set  in  motion,  nil  worked  admirably  for  ■■>  first 
trial.     Water  and  r-  agh  sand  were  liberally  applied  and  a'  the  expiry  of 

twenty-live   minutes  the  engine  was   Stopped  for  the  purpose  ol    testing   tfal 

results  of  the  experiment.  It  was  foond  thai  the  rough  block  on  the  iron 
table  had  been  made  smooth  and  level  while  the  Rag-stones  on  the  top 
were  us  smooth  :is  ice.     in  this  manner,  and  in  I  If  an  hour,  one 

hundred  and  fifty  feet  of  stone  were  polished  into  ■,  buiidin|  ngarj 

amount   of  work  which    eleven   men    ,  i|y  have  accomplished  in  a 

wholeday.    Three  ol  tines  have  !  d  on  tic-  lite  above- 

named,  an  1  they  are  likely  to  prove  a  great  saving  in  1  il 


HTE  SHEWELL  BUOY. 
In  1866,  by  Admiralty  order,  a  fog  bell-buoy  was  fitted  at  Portsmouth 
dockyard,  on  a  plan  submitted  by  a  workman  of  the  yard — a  sawyer,  named 
Shewell — to  the  Admiral- Superintendent,  and  has  since  then  been  placed 
at.  the  extremity  of  the  Spit  Shoal  at  the  extreme  southern  end  of  the 
entrance  channel  to  Portsmouth  harbour,  as  a  test  of  its  merits  generallv, 
and  also  of  its  efficiency  as  compared  with  that  of  the  Peacock  bell-buov, 
which  has  for  a  number  of  years  been  the  beacon  at  the  "  Spit."  The 
"  Shewell  "  buoy  has  stood  all  weathers  for  upwards  of  two  years,  and  so 
satisfactory  have  been  the  official  reports  made  to  the  Admiralty  by  the 
officials  of  Portsmouth  dockyard,  that  orders  have  been  issued  for  a  second 
buoy  to  be  fitted  on  the  same  principle  and  moored  on  the  edge  of  the 
Spit  to  take  the  place  of  the  one  which  has  been  on  trial  there,  and  which 
now  requires  repair.  The  superiority  of  the  Shewell  over  the  Peacock 
buoy  appears  to  consist  in  the  substitution  of  a  continuous  for  an  inter- 
mittent striking  of  the  bell.  The  Peacock  buoy  has  a  flat  head  above  the 
surface  of  the  water,  resembling  the  top  of  a  small  round  tabl<>,  and  on 
this  is  built  up  the  open  lattice  work,  or  cage,  some  six  or  seven  feet  high, 
which  gives  the  buoy  the  necessary  appearance  to  the  eye  from  a  distance 
as  a  warning  beacon.  This  description  will  also  suit  exactly  the  construc- 
tion of  the  Shewell  buoy,  the  difference  between  the  two  buoys  lying  in 
the  arrangement  of  their  fog  bells  and  strikers.  With  the  Peacock  buoy 
the  bell  is  hung  up  under  the  crown  of  the  highest  psrt  of  the  cage,  and 
the  striking  of  the  bell  is  caused  by  the  motion  of  the  water  giving  the 
buoy  sufficient  oscillation  to  bring  the  ordinary  clapper  with  which  the 
bell  is  fitted  with  force  against  the  side  of  the  bell  in  proportion  to  the 
disturbance  of  the  water  where  it  is  moored.  It  always  requires  con- 
siderable motion  of  the  water  to  strike  its  bell,  and  at  times  when  there  is 
fog  and  little  or  no  motion  of  the  water,  the  bell  gives  out  no  warning 
sound  ;  a  delusion  and  a  snare,  under  such  conditions,  to  all  mariners.  The 
arrangement  of  the  fog  bell  and  its  clappers  on  the  Shewell  buoy  effectually 
disposes  of  this  objectionable  feature  in  a  fog  signal  embodied  in  the 
arrangement  of  the  Peacock  buoy  bell  and  its  single  clapper,  a  succession 
of  rapid  blows  being  kept  up  o.i  the  sides  of  the  bell  by  ttie  very  slightest 
movement  of  the  water  where  it  may  be  moored.  This  is  effected  by 
hanging  a  bell  without  a  clapper  close  down  on  the  table-face  of  the  buoy, 
where  four  metal  balls  move  in  as  many  covered  grooves,  equidistantlv 
fixed  round  the  outer  circumference  of  the  bell.  There  are  thus  four 
clappers  in  constant  motion  and  striking  against  the  bell,  with  the  impor- 
tant advantage  over  a  bell  struck  in  the  ordinary  way,  that  the  instant  the 
blow  has  been  struck  the  ball  flies  off  from  the  side  of  the  bell,  and  the 
latter  gives  a  sound  much  more  clear  and  distinct  than  it  would  by  the  old 
met.iod  of  striking.  The  idea  appears  exceedingly  good,  although  as  yet 
not  fully  carried  out. 

PROGRESS  OF  TASMANIA 
Mr.  Nowell,  the  Government  statist  for  this  colony,  has  just  issued  bis 
report  for  the  year  18<i7.  A  review  of  the  condition  of  the  colony  last  year 
presents  few  encouraging  features ;  in  almost  every  direction  the  same  law 
of  decadence  is  found  to  have  been  in  oporation  as  in  the  preceding  years 
The  report  is  dated  July  20,  1808,  and  Mr.  Xowoll  states  that  since  he. 
began  to  write  his  roview  thoro  was  more  ground  of  encouragement  as 
regards  the  future  of  Tasmania  than  had  appeared  for  several  years.  The 
value  of  the  imports  in  1867  was  £856,848,  and  that  of  the  exports  was 
£790,494,  tho  former  exceeding  the  latter  by  £65,864.  Compared  with  the 
remits  of  the  preceding  year,  there  was  a  docroasn  of  £2">.759  on  tho  im- 
ports, and  of  £44.112  "on  tho  exports  ;  indoed,  tho  exports  had  not  been  BO 
limited  since  1861.  Wool  shows  a  decrease  in  tho  valuo  exported  of  £6,428  ; 
the  amount  realised  by  exportation  being  £."is.">.  1 05  in  1866,  and  £878,977 
in  lH(i7.  Broad-stuffs  wero  nearly  double  tho  valuo  of,  tho  exports  of 
1865-66;  oats  and  barley  show  a  decreasing  value  since  1S.">7.  The  pro- 
duction of  hops  is  rapidly  increasing;  in  1867,  the  exports  wore  valued  at 
£18,730,  againsl  B  maximum  in  previous  years  of  £6,695.  The  number  of 
vessels  which  entered  inwards  was  598,  and  shows  a  decrease  I  1  7  pet  Bent,  : 
onnage  was  97,890,  and  shows  a  decrease  of  'J,  per  cent,  as  ,■  impared 
with  the  results  of  1866  The  number  of  reasel  Bleared  outwards  was 
681,  ol  102,754  tons  in  the  aggregate.    The  revenue  in  I  Mir  was  8272,958, 

an   increase  on   that  of  L866  of  £27,531.    OJ 
6127,224  was  derived  from  Customs'   duties,   and    £56,087  from  Inland 
Revenue;   the  receipts  from         '  one  as  in  1864, 

and  those  fromthe  inland  Revenue  worn  abou!  tl  in  'mil'.    The 

iture  la  I  8255,552,  or   618,191   more  than  in  1866.    The 

revenue  from  tic-  land  fund  was  £124,945,  agaii       I  bul 

the  expenditure  from  this  fund  in  1867  amounted  to  £106,4  72.    The  actual 
i  the  colony  was  £1,017,900,  or  £10  6s.  II  fd,  per  bead  of  population. 
The  returns  relal  t  mining  show  that  the  quantitj    if  the  precious 

metal  obtained  In  the  district  of  Pingal,  ■    far  as  could  lined  from 

■epers  or  other  purchasers  of  .  the 

yield  of  the  alluvial  mines.    The  quartz  oompanii 

7,677  It  ''"'"    ,'"' 

entire  area  of  the   col 
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were  under  cultivation  during  the  year  ending  the  31st  of  March, 
1868.  The  acreage  under  crops  of  various  kinds  was  153,588,  or  14,278 
acres  less  than  in  1866,  the  decrease  heing  at  the  rate  of  8-5  per  cent.  The 
acreage  under  each  of  the  principal  crops  in  the  two  years,  1866  and  1867 
respectively,  was  as  follows  :r-Wheat,  71,348  and  64,010 ;  barley,  4596 
and  6860;  oats,  34,358  and  27,574;  potatoes,  10,520  and  10,768;  hay, 
33,762  and  33,064.  The  culture  of  the  sugar-beet  is  receiving  some 
attention,  and  great  interest  has  been  taken  in  the  cultivation  of  hops, 
the  increase  in  the  land  under  this  crop  being  93  acres,  while  the  increase 
in  the  produce  was  86,9001bs.  The  average  yieli  of  wheat  in  1867  was 
13.98  bushels  per  acre,  against  21*43  in  1866;  of  barley,  24*40,  against 
26.28  in  1866 ;  and  of  oats,  2*294,  against  27*40  in  1866.'  The  live-stock 
returns  show  a  decrease  in  the  number  of  horned  cattle  of  1772,  an  increase 
in  sheep  of  23,110,  and  an  increase  in  pigs  of  21,028.  The  estimated  popu- 
lation of  Tasmania  at  the  end  of  1867  was  98,455.  The  return  of  the 
aborigines  in  the  establishment  at  Oyster  Cove  shows  that  one  man  and 
two  women  were  the  sole  remains  of  the  original  possessors  of  this  island. 
In  a  few  years  these  few  representatives  of  the  race  well  have  passed  away, 
leaving  scarcely  a  single  monument,  save  some  few  articles  preserved  in 
the  museums,  and  a  few  paintings,  to  tell  that  they  had  ever  been.  The 
immigration  and  emigration  returns  show  an  actual  loss  to  the  population 
of  466  souls.  The  deaths  in  1867  numbered  1413,  being  in  the  proportion 
of  14*4  per  1000  of  population.  The  births  registered  during  the  year 
were  2971,  or  166  more  than  in  1866. 

REVIEWS  AND  NOTICES  OP  NEW  BOOKS. 
Smoking  Fires.     Their  Cause   and   Cure. — By  the    Rev.  Alex.  Colvtn 
Ainslie.     London :  Longman's,  Green,  and  Co. 

Mr.  Ainslie's  little  work  is  another  addition  to  the  already  numerous 
class  of  elementary  treatises  devoted  to  that  branch  of  ventilation  which 
is  intended  to  provide  against  the  nuisances  due  to  smoking  chimneys. 

The  treatise  is  readable,  and  may  prove  useful  to  non-professional  people 
who  have  not  previously  considered  the  subject  of  ventilation,  and  beyond 
that  class  we  do  not  suppose  it  is  intended  to  pass. 

In  the  preface,  the  author  accuses  science  of  having  thought  "  the 
domestic  chimney  either  beneath  or  above  her  notice."  This  remark  ex- 
hibits that  crassia  ignorantia  of  the  literature  of  the  subject  which  should 
not  appear  upon  the  part  of  one  who  is  writing  thereupon.  There  are 
many  works  treating  fully  of  the  subject,  and  numerous  patents  have  been 
obtained  in  connection  with  it. 

Mr.  Ainslie  adverts  to  the  remedies  applied  by  tinmen  as  being  hideous 
and  useless,  this  is  often  true,  but  the  person  requiring  assistance  to  obviate 
the  smoke  nuisance,  should,  we  think,  apply  to  some  more  erudite  scientific 
authority  than  the  average  tinman. 

The  body  of  the  work  contains  the  causes  of  smoking  chimneys,  and 
their  remedies,  some  very  trite,  thus  page  67  : 

"  75.  Clause  X. — A  foul  flue,  which,  as  explained  in  Art.  31,  is  tanta- 
mount to  a  small  flue."    Remedy. — Sweep  it." 

Taking  the  book  altgether  we  can  recommend  it  to  the  notice  of  house- 
holders, and  such  as  may  contemplate  building  houses. 


Sciography,  or  Radial  Projection  of  Shadows.  By  R.  Campbell  Puckett, 
Ph.  D.,  Head  Master  of  the  Bath  School  of  Art.  Chapman  and  Hall, 
193,  Piccadilly. 

This  treatise  is  intended  for  draughtsmen  and  students  who  have 
already  become  acquainted  with  the  principle  of  perspective,  but,  as  is  too 
frequentiy  the  case,  do  not  understand  how  to  make  their  drawing  effective 
by  throwing  shadows.  Many,  if  not  most,  drawings  in  which  shadows  ap- 
pear are  very  faulty  in  this  respect,  and  not  unfrequently  the  shadows  are 
so  badly  thrown  as  to  entirely  spoil  ihe  effect  of  the  whole  sketch.  The 
present  work  is  designed  to  enable  draughtsmen  to  avoid  such  anachron- 
isms, and  from  the  simple  and  lucid  way  in  which  the  subject  of  shadows 
is  treated,  but  a  slight  amount  of  study  will  be  required  to  produce  this 
most  desirable  result.  One  great  merit  of  the  case  consists  in  the  illus- 
trated examples,  which  explain  most  distinctly  the  twenty  lessons  into 
which  the  author  has  most  judiciously  divided  his  treatise. 


CORRESPONDENCE. 

We  cannot  hold  ourselves  responsible  for  the  opinions  of  our  Correspondents. 
To  the  Editor  of  The  Abtizau . 

Deae  Sib, — In  your  January  number  you  state  (at  Notes  and  Novelties) 
that  the  firm  Orlando,  of  Leghorn,  launched  the  Cappelini.  That  government 
vessel  is  a  new  screw  gun  boat,  three  other  such  are  building  in  Italy,  and 
for  all  four  we  have  furnished  the  machinery. 

One  set  of  those  engines  were  at  the  Universal  Paris  Exposition,  and 
were  awarded  a  Silver  Medal,  and  were  very  favourably  noticed  by 
English  engineering  publications,  &c.  We  have  built  and  repaired  several 
steamers,  screw  and  paddle,  and  are  now  building  an  auxiliary  S.S.  of 
900  tons,  and  100  horse-power,  composite. — Yours,  &c,  Westerman  Bros. 


NOTES  AND  NOVELTIES. 


MISCELLANEOUS. 

The  work  on  the  artesian  well  at  St.  Louis  whieh  has  been  going  down  for  so  many 
years  is  approaching  its  close,  and  a  few  weeks  will  determine  whether  the  undertaking 
ir.  to  prove  a  success  or  an  expensive  failure.  The  drills  are  now  in  what  is  called 
the  pink  sandstone,  under  whieh  lies  granite  rock.  Should  the  latter  be  reached  without 
finding-  water,  further  attempts    will  be  hopeless. 

The  merchants  of  Bremen  have  resolved  to  fit  out  another  Arctic  expedition,  and  place 
it  under  the  charge  of  Captain  Koldewey,  of  the  Germania.  They  are  to  furnish  a  steamer 
and  defray  expenses. 

Seaweed  Charcoal  is  now  used  as  a  substitute  for  animal  charcoal,  it  is  said,  with 
good  results. 

Working  Men's  International  Exhibition. — The  Hon.  Auberon  Herbert  attended 
a  meeting  at  the  Queen's  Hotel,  Birmingham,  on  the  11th  ult.,  and  explained  matters  con- 
nected with  the  proposed  exhibition  to  be  held  in  1870,  as  now  arranged.  He  expressed 
a  hope  that  manufacturers  would  give  to  their  men  facilities  for  becoming  exhibitors  by 
loans  of  materials,  tools,  or  workshops  for  the  manufacture  of  articles.  A  discussion 
followed,  in  which  Mr.  ElihuBurritt  and  others  engaged.  The  following  resolution  was 
adopted  : — "  That,  having  heard  the  statement  of  the  Hon.  Auberon  Herbert,  this  meet- 
ing is  of  opinion  that  the  manufacturers  and  artisans  of  Birmingham  should  be  solicited 
to  co-operate  in  the  proposed  International  Exhibition,  to  be  held  in  London  in  1S70,  and 
that  a  public  meeting  be  called  to  lay  the  subject  before  the  town,  and  that  a  provisional 
committee  be  appointed  to  make  the  necessary  arrangements." 

A  grnd  international  exhibition  of  horticultural  implements  and  also  a  botanical  con- 
gress, will  be  opened  at  St.  Petersburg  in  the  month  of  May,  under  the  patronage  of  the 
Czar. 

SHIPBUILDING. 

The  following  vessels  were  launched  during  the  month  of  January,  1S69:— The 
Singapore,  a  composite  ship  of  720  tons,  built  by  Alex.  Stephen  and  Sons,  Kelvinhaugh, 
for  T.  H.  Ismay  and  Co.,  Liverpool ;  for  the  San  Francisco  trade.  The  Atlantic,  an  iron 
barque  of  540  tons,  built  by  Alex.  Stephen  and  Sons,  Kelvinhaugh,  for  Mr.  Tremellen, 
Swansea;  for  the  Australian  trade.  The  Caroline,  an  iron  barque  of  700  tons,  built  by 
Alex.  Stephen  and  Sons,  for  Le  Quellec  and  Bordes,  Bordeaux ;  for  the  West  Coast  of  South 
American  trade.  The  Ghozeepore,  an  iron  ship  of  1,630  tons,  built  by  John  Reid  and 
Co.,  Port-Glasgow,  for  M'Kinnon,  Frew  and  Co.,  Liverpool ;  for  the  East  Indian  trade. 
The  Antilles,  an  iron  barque  of  545  tons,  built  by  Arch'd.  M'Millan  and  Son,  Dumbarton, 
for  M'Arthur  M'Lean  and  Co.,  Greenock;  for  the  West  Indian  trade.  The  Maria  de  C, 
an  iron  barque  of  400  tons,  built  by  Thomas  Wingate  and  Co.,  Whiteinch,   for  Spanish 

owners.    The  ,  an  iron  screw  steamer   of  650  tons  and  120  horse-power,  built  by 

Seott  and  Co.,  Greenock,  for  French  owners ;  for  the  Mediterranean  trade.  The  Wiltshire, 
an  iron  ship  of  1,590  tons,  built  by  Barclay,  Curie  and  Co.,  Whiteinch,  for  George  Mar- 
shall, London ;  for  the  East  Indian  trade.  The  XJrano,  an  iron  screw  steamer  of  1,700 
tons  and  300  horse-power,  built  by  Wm.  Denny  and  Brothers,  Dumbarton,  for  Austrian 
Lloyds' Steam  Navigation  Co.,  Trieste ;  for  the  Mediterranean  trade.  \heSoquelle,  an 
iron  screw  steamer  of  1,300  tons  and  250  horse-power,  built  by  Randolph,  Elder  and  Co., 
Goran,  for  the  British  and  African  Steam  Navigation  Co.,  Glasgow ;  for  the  Glasgow  and 
West  Coast  of  African  trade.  The  Asia,  an  iron  ship  of  1,566  tons,  built  by  Charles 
Connell  and  Co.,  Kelvinhaugh,  for  John  H.  Watt,  Glasgow ;  for  lh:  East  Indian  trade. 
Total  tonnage— 11,341. 

A  Steamboat  on  Great  Salt  Lake. — The  Kate  Connor,  the  first  steamboat  ever  run 
on  Great  Salt  Lake  was  successfully  tried  a  short  time  ago.  She  is  50ft.  long  by  10ft. 
beam,  has  side  wheels,  and  is  owned  by  Gen.  P.  E.  Connor,  of  Stockton,  Cal.,  and  was 
built  by  Mr.  G.  Hayward,  of  Salt  Lake  City.  She  is  now  engaged  in  hauling  ties  for  the 
Central  Pacific  Railway. 

LAUNCHES. 

Messrs.  Alexander  Stephen  and  Sons  lately  launched  from  theirworks  at  Kelvinhaugh, 
the  new  iron  sailing  barque  Antonia,  of  700  tons,  Aa  1  at  Lloyd's,  and  20  years  in  Liver- 
pool Registry.  The  Antonia  is  for  French  account,  is  sister  ship  to  the  Caroline,  lately 
launched  by  Messrs  Stephen,  and  is  to  be  employed  in  the  Valparaiso  and  West  Coast 
trade.  The  ceremony  of  naming  was  performed  by  Miss  Margaret  Helen  Alexander,  of 
Claremont  Terrace. 

There  was  lately  launched  from  the  shipbuilding  establishment  of  Messrs.  Archibald 
M'Millan  and  Son,  Dumbarton,  a  very  handsome  iron  clipper  barque,  of  about  600  tons 
burden,  classed  double  A  at  Lloyds'.  She  has  been  built  specially  to  carry  a  large  cargo 
on  a  light  draught  of  water,  and  is  intended  to  trade  from  London  to  Cape  Colony,  and 
to  go  into  such  rivers  as  the  Cowie.  She  has  very  superior  accommodation  for  cabin  pas- 
sengers, is  fitted  with  all  the  latest  improvements,  and  is  altogether  a  very  highly  finished 
and  well  got-up  vessel,  and  is  quite  a  credit  to  her  builders.  The  launch  was  most 
successful;  and  as  the  vessel  glided  into  her  element  she  was  named  Chiselhurst  by  Miss 
Buchanan,  daughter  of  Captain  Buchanan,  who  has  superintended  the  building  and  takes 
command  of  the  vessel.  She  is  built  to  the  order  of  Mr.  G.  H.  Payne,  London,  for  his 
line.  After  the  launch  a  select  party  of  ladies  and  gentlemen  adjourned  to  the  mould- 
ing loft  and  partook  of  lunch,  when   the  usual  toasts  wore  given   and  responded  to. 

Messrs.  Blackwood  and  Gordon,  Port-Glassow,  lately  launched  from  their  building 
yard  a  handsome  sailing  vessel  of  750  tons  register,  for  Messrs  Henry  Whittle  and  Co., 
of  Liverpool.  This  vessel  is  built  for  the  San  Francisco  trade,  and  will  be  commanded 
by  Captain  Whittle,  of  Liverpool.  On  leaving  the  ways  she  was  gracefully  named  the 
Wood  Sail  by  Mrs.  Whittle,  wife  of  the  commander.  After  the  launch  a  large  company 
met  in  the  model  room  belonging  to  the  yard,  and  partook  of  cake  and  wine.  The  usual 
toasts  of  success  to  the  owners,  builders,  and  captain,  were  proposed  and  responded  to. 
The  Wood  Hall  is  the  first  sailing  vessel  built  by  Messrs.  Blackwood  and  Gordon,  and 
she  is  fitted  with  all  the  latest  improvements  in  sailing  vessels,  having  steam  winches, 
fresh  water  condensers,  patent  pumps,  and  windlass  wrought  by  steam.  From  her  fine 
appearance  in  the  water  it  is  likely  that  this  vessel  will  prove  as  great  a  success  as  the 
many  fine  steamers  turned  out  by  the  above  firm. 

STEAM  SHIPPING. 

Clyde  and  New  York  Shipping  Trade.— The  returns  of  the  shipping  trade  between 
the  Clyde  ports  and  New  York  during  1868  show  a  marked  increase  of  prosperity  over 
those  of  the  preceding  years,  as  regards  outward  and  inward  trade.  Over  1867,  which 
was  an  exceptionally  prosperous  year,  there  was  an  increase  last  year  in  the  sailing  from 
the  Clyde  of  3  vessels  and  4,250  tons,  but  only  an  increase  in  the  arrivals  of  6  tons,  the 
number  of  vessels  being  less  by  two  than  in  the  previous  year.  Over  1866,  however,  the 
increase  in  arrivals  amounted  to  18  vessels  and  17,000  tons,  and  in  sailings  to  15  vessels 
and  16,600  tons;  while  over  1865  the  increase  in  arrivals  amounted  to  no  less  than  32 
vessels  and  42,000  tons,  and  in  sailings  to  42  vessels  and  45,200  tons.  The  number  of 
vessels  which  left  the  Clvde  last  year  for  New  York  was  73,  and  the  tonnage  77,752,  and 
the  number  whieh  arrived  64,  and  the  tonnage  72.03S— a  trade  rather  more  than  double 
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that  of  four  years  ajro.      Besides  this,  an   active  trade  has  been  carried  on  between  the 

Clyde  and  other  North  American  ports^    Of  arrivals   there  were  six  steamers  and  seven 

sailini 

foundland 

Edward  Is.-., 

York     There  sailed  31  vessels,  of  5,963  tons,  for  Newfoundland ;  10,  ol  0,110  tons,  for  St. 

John's,  New  Brunswick :  19,  of  8,780  tons,  for  Nova  Scotia ;  10,  of  4,373  tons,  for  Boston ; 

and  25,  of  17,378  tons,  to  other  United  States'  ports. 

"Coctjtess  of  Erxi>."— This  new  paddle  steamer,  belonging  to  the  London  and  North- 
Western  Railwav,  made  her  trial  trip  on  January  20th  from  Dublin  to  Holyhead,  giving 
most  satisfactoiy  results  as  to  her  performance,  making  the  run  across  at  an  average 
speed  of  fourteen  knots  an  hour.  The  dimensions  of  the  Countessof  Erm  are :— Length, 
240ft. ;  beam,  29ft.  ;  depth,  15ft.  9in. ;  tonnage,  990  tons ;  engines,  oscillating,  of  350 
nominal  horse-power,  made  by  Fawcett,  Preston,  and  Co.,  of  Liverpool.  The  hull  and 
boilers  were  constructed  by  Messrs.  Walpole,  Webb,  and  Bewley,  Port  of  Dublin  Ship- 
yard, Dublin. 

TELEGRAPHIC   ENGINEERING. 

Brigham  Young  is  said  to  have  a  telegraph  wire  leading  to  his  office  and  connecting 
with  every  hamlet  in  Utah— a  line  of  500  miles  long.  Every  settlement  of  hall  a  dozen 
houses  has  a  telegraph  olfi.-e  with  female  Saint  operators,  and  in  charge  of  a  Bishop  of 
the  Mormon  church,  who  can  report  at  any  time  all  that  takes  place  to  Young.  Ffom 
his  private  office  in  Salt  Lake  Citv,  like  the  watchman  in  the  tire  telegraph,  Brigham 
may  give  an  order  or  ring  an  alarm  from  Idaho  to  New  Mexico. 

American  Telegraphs.— In  the  United  States  there  are  4,126  telgraph  offices,  or 
one  for  every  7,549  of  the  population,  and  nearly  every  town  and  village  has  its  office. 
Over  50,000  miles  of  line  and  100,030  miles  of  wire,  with  265  submarine  cables,  are  in 
operation. 

RAILWAYS. 

A  Locomotive  for  use  on  common  roads,  made  by  M.  Leror,  engineer,  of  Paris,  was 
successfully  tried  a  day  or  two  back  on  the  road  from  Havre  to  Montivilliers,  a  distance 
of  about  five  miles,  and  through  a  hilly  country.  It  made  several  trips,  each  time  draw- 
ing a  vehicle  laden  with  passengers. 

TnB  Yorkshire  Engine  Company  are  engaged  on  a  heavy  locomotive  order  for  Russia. 
The  engines  are  of  the  long-boiler  type. 

The  railroad  between  Port  Huron  and  Detroit  is  likely  to  be  conformed  to  the  Cana- 
dian gauge,  and  it  is  possible  that  a  line  of  the  same  gauge  will  soon  be  constructed 
across  Michigan  to  Chicago,  so  that  when  the  Intercolonial  is  opened,  cars  loaded  in 
Chicago  or  Detroit  can  pass  without  transhipment  to  the  sides  of  ocean  vessels  at  Mont- 
real, Quebec,  Portland,  St.  John,  or  Halifax.  New  Brunswick  is  pushing  on  its  railway 
extensions  to  the  United  States  boundaries. 

TnF.  Moxt  Cenis  Tuxnt.i..— The  Italian  papers  states  that  the  completion  of  the  Mont 
Cenis  Tunnel  is  to  be  iclcbratcd  by  a  great  International  Exhibition  at  Turin.  The 
Government  will  ask  Parliament  to  vote  3,000,000  francs  towards  the  expenses  ;  and  the 
king  ha  I  himself  favourably  to  the  project.    There  are  expectations 

of  the  tunnel  being  completed  next  vear. 

The  Pennsylvania  Kailroad  Company  have  contracted  for  twenty-lour  cars  heated  on 

a  new  priie  these  has  1 m  onstructed,  and  is  n  gri  at  improvement  on  those 

eomm  i  itovee  or  heaters  arc   placed  underneath  the  ear,  and  the  heat  is 

circulated  by  means  of  pipes  and  registers;  thus  the  feet,  which  usually  Buffer  the  most 
with  cold,  are   Brsl  \    these  stoves  would  be  readily  detached  from  the  car 

Incase  ol  accident,  the  plan  adds  much  to  the  safety  Ironi  conflagration.  The  cars 
are  much  more  pleasing  to  the  eye  without  the  usual  clumsy  uncouth  stove  and  coal 
box. 

A  xr.w  railroad  is  proposed  to  run  from  Pekin,  Illinois,  to  Danville. 

A  i.i.vi:  is  about  to  be  made  between  Lismorc  and  Fermoy  at  the  expense  of  the  Duke 
of  Devonshire. 

A  i.iRfiK  reduction  of  fares  on  the  London,  Brighton,  and  South  Coast  Railway  was 
annoumed  on  Friday  at  Brighton  by  a  letter  from  Mr.  Laing,  the  chairman,  to  the 
mayor.    The  reductions  are  comprehensive,  and  place  the  fares  on  the  same  basis  as  in 

Tin:  managers  of  the  Union  Pacific  Railway  Company  have  announced  that  1.000  miles 
line  are  now  complete,  and  that  adding  to  these  the  .100  miles  constructed   by  the 
Callfornian  Company,  there  only  remain  about  250milcs  to  make.    This  done,  there  will 
be  direct  railway  communication  between  the  Atlantic  and  the  Pacific. 

Thb  Lancashire  and  Yorkshire  Company  have  decided  that  £50,000   be  authorised  to 
be  raised  in  connection  with  the  expenditure  on  the  Hull  Docks,  by  the  issue  of  new 
shares  of  £5  each,  and  entitled  to  the  ordinary  dividend  of  the  company. 
Considerable  progress  has  been  made  in  the  widening  of  the  North  London  lino  be- 
i  Camden-road  and  Dalston,  and  arrangements  arc  n  of  completion  for 

at  the  stations.      The  branch  to  join  the  Tilbury  Railway  will,  it  is  ex- 
pected, be  opened  lor  traffic  this  month. 

MINES,  METALLURGY.  &c. 
Iron  ore  ha  .vcred  in  Saugatuck,  Connecticut,  in  a  vein  said  to  be  very  rich. 

The  ore  is  of  the  same  class  as  the  Salisbury  ore. 

WATER. 
The  Watii:  Powp.rof  the  Connecticut. — The  town  of  Holyoke,  Massachusetts,  U.S. 
situated  on  the  Connecticut  river,  has  been  created  during  the  last  ten  years,  and  is  now 
a  flourishing  seat  of  manufacturim.'  Industry,  with  between  twenty  and  thirty  large 
manufactories.  The  whole  of  the  motive  power  is  obtained  from  the  Connecticut,  which 
is  dammed  across,  and  pours  over  Me  whole  volume  with  a  width  of  1,017ft.  and  a  fall 
of  irorn  26  to  80ft.    The  Booda  of  last  spring  so  far  Injured  the  dam  as  to  render  repairs 

amounting  almost  to  ary,     <i alterations  are  now  being  carried 

out,  and  consist  in  protecting  the  Ironl  of  lie-  dam  tor  iis  whole  length  with  a  crib  work 
having  a  sloping  face,  and  filled  with  broken  stole-, 

APPLIED  CHEMISTRY. 

A  Cobresi'ONOKXT    gives  OS    an   account  of  an    Ingeniously    extemporized    BDJ1 

for  removing  carbt acid  from  wells,    it  ws   (Imply  an  ombrclJa  lot  down  ana  rapidly 

hauled  una  number  ol  ton-  lethig  u-:is  in  a  few 

minutes  from  a  well  so  foul  a   to  in  taatly   [tlnguish  a  candle  prevlon    to  the  use  of  the 

umbrella. 

X.  Sags  has  called  attention  to  the  fact  that  tung»t»te  of  bury i a  forms  an  excellent 

white  paint,  which  has  as  good   at )  and  depth  as  white  lead,  and  ha   thi  advantage 

above  this  of  not  •  ,  encd  on  exposure  to  tie-  atmosphere,    /.me  whlti . 

was  tried  a*  a  substitute  lore.-  ranting  bod]      H   I 

Beaumont  i  If  this  stotem  i  ii f  great  Importance 

tor  wehave  no  need  to  employ  special   mining  operation 

commonly  fount  i mpanj  with  tin. 
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COPPER. 

Best  selected,  per  ton    

Tough  cake  and  tile  do 

Sheathing  and  sheets  do 

Bolts  do 

Bottoms  do 

Old  (exchange)  do 

Burra  Burra  do 

Wire,  per  lb 

Tubes  do 

BRASS. 

Sheets,  per  lb 

W ire  do 

Tubes  do 

Yellow  metal  sheath  do 

Sheets  do 

SPELTER. 

Foreign  on  the  spot,  per  ton     

Do.  to  arrive  

ZINC. 
In  sheets,  per  ton  

TIN. 

English  blocks,  per  ton 

Do.  bars  (in  barrels)  do 

Do.  refined  do 

Banca  do 

Straits  do 

TIN   PLATES* 
IC.  charcoal,  1st  quality,  per  box    . 

IX.  do.  1st  quality  do 

IC.  do.  2nd  quality  do 

IX.  do.  2nd  quality  do 

IC.  Coke  do 

IX.  do.  do 

Canada  plates,  per  ton 

Do.  at  works  do 

IRON. 
Bars,  Welsh,  in  London,  per  ton    . 

Do.  to  arrive  do 

Nail  rods  do 

Stafford  in  London  do ; 

Bars  do.  do. 

Hoops  do.  do 

Sheets,  single,  do 

Pig  No.  1  in  Wales  do 

Refined  metal  do 

Bars,  common,  do 

Do.  mrch.  Tyne  or  Tees  do 

Do.  railway,  in  Wales,  do 

Do.  Swedish  in  London  do 

To  arrive  do 

Pig  No.  1  in  Clyde  do 

Do.  f.o.b.  Tyne  or  Tees  do 

Do.  No.  3  and  4  f.o.b.  do 

Railway  chairs  do 

Do.  spikes  do 

Indian  charcoal  pig  in  London  do. 

STEEL. 

Swedish  in  kegs  (rolled),  per  ton.... 

Do.  (hammered)  do 

Do.  in  faggots  do 

English  spring  do 

Quicksilver,  per  bottle 

LEAD. 

Kn^lish  pig,  common,  per  ton 

Ditto.  L.B,  do 

Do.  W.B.  do 

Do.  sheet,  do 

Do.  red  lead  do 

Do.   white  do 

Do.  patent  shot  do 

Spanish  do 
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THE  ARTIZAN. 


[Maech  1,  1869. 


LIST  OF  APPLICATIONS  FOK  LETTERS 
PATENT. 

Wr  have  adopted  a  new  arrangement  op 
the  Provisional  protections  applied  tor 
by  Inventors  at  the  Great  Seal  Patent 
Office.  If  an?  difficulty  should  arise 
with  reference  to  the  names,  addresses, 
or  titles  given  in  the  LIST,  THE  REQUI- 
re information  will  be  furnished,  free 
op  expense,  from  the  office,  by  addrk3sino 
a  letter,  prepaid,  to  the  editor  op 
"The  Artizan." 

Dated  January  19ih.  1S69. 

167  S.  G.  Archibald— Machinery  for  cleaning  boots, 
knives,  &c. 

168  M.  Burke—  Ships'  skylights 

169  G.  Lowry— Hacklihg  machines 

170  XV.  Pain  and  J.  Pain— Floor  dog:  or  flooring 
cramp 

171  H.  W.  Hammond— Driving  piles 

1712  J.  Armstrong— Improvements  iu  crossings  and 
switch  apparntus 

173  C.  Baunscheidt — Instrument  for  treatment  of 
rheumatism,  Sic. 

174  N.  D.  Spirtall— Propelling  vessels 

175  W.  R.  Lake — Wheels  for  railway  carriages,  | 
locomotives,  &c.  * 

176  C.  E.  Brooman — Breechflodding  guns  . 

Dated  Januaky  20rh,  1669. 

177  G.  A  Crow-  Drilliuw'  machines 

178  J.  Siddeley  and  F.  N.  Mack*v— Ice  making 

179  F.  A.  Paget— Steam  boilers,  &c. 

180  XV.  Gillett  and  C.  Blan  i— Belt  unci  clock 
chimes 

181  J.  Edwards— Communication  between  pus- 
Benders  and  guards  of  railway  trains,  and  sig< 
nailing,  &c. 

182  £.  Barton — Distributing  sand  &c.  in  public 
thoroughfares 

183  E.  Barcroft Cocks,  taps,  &e. 

184  P.  C.  Evans— Feeding  wool  &c.  to  carding 
machines 

185  M.  J.  Matthews — Harmoniums 

186  H,  A    Bonneville— Illuminating  gas 

187  H.  A.  Bonneville— Metallic  actiou  frames  for 
pianofortes 

168  F.  Lioscombe— Purifying  water 

189  C.  de  Bergue  and  C.  Faure— Improvements  in 
locoraotives,*&r. 

190  D.  Spooner—  Construction  of  mills  for  cleauing 
rice,  &c. 

Dated  January  21st,  1869. 

191  J.  W.  Wilson— Steam  boilers 

192  J.  C   L.  Camel— Surgical  truss 

193  D.  Rivenc— Apparatus  for  mendingand  cutting 
millstones 

194  A.  M.  Clark- Scarf  fastenings,  &cc. 
1«*5  C.  J.  Chubb— Coal  drills 

196  T.  C.  Lewis— Steam  engines 

197  C.  G.  Gumpel— Escutcheons 

198  F.  Walton— Artificial  marble 

199  W.  R.  Lake — Apparatus  fur  shearing  animals 
and  skins 

Dated  January  22nd,  1819. 

200  R.  B-ixemlen  and  J.  Heald— Looms 

201  A.  B.  Cunningham — Apparatus  for  throwing 
horses 

202  B.  Craig— Communicating  and  signallini  be- 
tween guards,  passeugers,  and  drivers  of  lailway 
trains 

203  M.  Tildesley — Annealing  cans 

204  J.  Wilkins — Manufacture  of  looped  and  knitted 
fannies 

205  J.  Speight,  J.  E.  Bartou,  and  E.  Brooke- 
Twisting  wool 

206  A.  Maw— Moulds  for  china,  &c. 

207  F.  R    Eusor— Lace 

208  T.  Cook  and  J.  Watson— Measuring  gas,  &c. 

209  J.  W.  Horstield  and  J.  W.  Horstield— Steam 
boilers 

210  W.  E.  Gedge— Slate  cutting  machines 

211  W.  Dennis— Letter  boxes,  &.c. 

212  W.  Burgess — Mincing  mBcbines 

213  J.  Beattie— Railway  buffers 

Datbd  January  23d,  1869. 

214  J.  Millward — Quarrying  machines 

215  J.  Ortton — Graduating  the  admission  of  steam 
to  engines 

216  E.Simons— Communicating  between  passengers 
guard,  and  engine  driver 

217  W.  Huggins — Dressing  millstones 

218  L.  J.  Crossley  and  R.  Hanson — Steamiug  printed 
yarns 

2ly  H.  H    Murdoch— Smelting  copper 

220  B.  Mountain,  T.  Richmond,  and  G.  Duffield— 
Bo  r  and  shoe  mauufacture 

221  J.  Diosdaie— Spinning  and  twisting  machinery 

Dated  January  25th,  1869. 

222  J.  M.  Merrick — Composition  for  the  [manufac- 
ture  of  various  useful  or  ornamental  articles 

223 — W.     M.     Welling — Compositions    resembling 

ivory 
224  O.  Touchevieux— Hinjiesof  earriuga 
•lib  C.   P.  Parkinson,  A.  Metcalte,J.  Metcal'e,  aud 

W.  H.  Heald— Mules  for  spiuniug 
226  R.  G.  Lowndes  and   M.  M.  Cullam— Apparatus 

for  finishing  textile  and  other  fabrics 
2  7  C.  E.  Brooman — Cocks  and  valves 
22i  W.  E.  Newman-Siampin*  sheet  metal 
Ji29  J.  Can— Tapes  tor  Venetian  blinds 

230  A.  V.  Newton — Fermenting  subBtances  and 
germinating  grain 

231  E.  Hartley— Looms 

232  H.  D   Bowyer—  Wheaten  flour 

233  R.J.  Green-Collar  studs,  &c. 


234  J.  Roberts  and  S.  Roberts — Moulds  for  casting 
2J5  H.    W.  Lafferty   and   R.    Lafferty— Centrifugal 
machines  for  draining  sugars,  Sec. 


Dated  January  26th,  1869. 
C.   L.  Wood  and  J.  Stockley — Grinding:  plate 
E.    D.   Rustou    and    W.    XV.    Mills— Window 


238  J.  D.  Ellis— Rolling  armour  plates 

239  J.  Wilson,  J.  Wilson,  and  G  Cryer — Preparing 
wool,  &c. 

210  J.  Millar— Envplopes 

241  J.  Wilson-Shaking  straw 

242  J.  Pickering— Treating  timber 

243  W.  R.  Lake — Ventilating  apparatus 
214  A.  V.  Newton — Cutting  Veneers 

245  H.  Law— Connecting  metal  pipes 

246  C,  Gil— Manufacture  of  sugar 

Dated  January  27th,  1869. 

247  C.  Ft  each — Intercommunication;  on  railway 
trains 

248  C.  Mather — Singeing  fabrics  by  gas  flames 

249  T.  Reedet— Sheet  metal  rollers 

250  J.  Gough— Applying  ink  or  colour  to  printing 
^urftres 

251  J.  Taylor— Propellinir  ships 

26Z  1'.  VaUjjhau  aud  J.  W.  Smith— Treating  smoke 
»nd  soot  for  the  preparation  of  an  article  of 
commerce  therefrom 

253  H.  Brtrcroft^-Dainasks,  &c. 

2o4  J.  Porteous  and  H.  Gibson — Manufacture  of 
tobacco 

255  T.  Brown — Liquid  discharging  apparatus  for 
extinguishing  tire 

256  J.  H.  Johnson — Keys  or  wedges  for  the  perma 
nenr,  way  ol  railways 

257  E.  Girdwood— Envelopes  and  bags  for  trans- 
mitting samples 

258  E.  H.  Preuti<e— Phospbatic  manures 

259  J.  Silman—  Kuives  tor  cutting  out  the  soles  of 
boots  and  shoes 

260  G.  Taugye — Letter  copying  presses 

261  C.  L'ingley — Caissons  and  pontoons  for  lifts,  &c. 

262  A.  G.  Pass — Condensing  aud  purifying  metallic 
aud  other  fumes,  &c. 

263  C.  W.  Petersen — Improvements  iu  life-boats, 
steam  tugs,  &c 

Dated  January  28th,  1869. 

2G4  R.    M.    Marchaut — Obtaining  power  for    loco- 
motive and  stationary  purposes 
26-5  W.  Spurrier — Salt  spoons.  &c. 

266  W.  Brown  and  T.  H.  Garbutt—  Firebars 

267  R.  Joues — Curing  or  preserving  animal  sub- 
stances 

268  C.  D  Abel— Apparntus  for  washing,  wincing, 
fulling,  aud  finishing  textile  fabrics 

269  C.  L.  A.  Hoelscher— Musical  chair 

270  R.  Biackbee — improved  pessary 

271  A.  Browne— Rotatory  engiue 

272  L.  P.  Hebert  ar.d  L  A.  Moulin— Press  forotamp. 
ing  letters,  books,  Sec  wijh  ink  or  other  colour- 
ing matter 

273  J.  Cox— Destroying  burrs,  Sic.  in  wool  in  a  raw 
state 

Dated  January  29th,  1869. 

274  J.  Eaaterbrook,  J.  H.  Ailcard,  and  A.  M.  Wild 
— Grinding  aud  polisuing  engine  slide  bars,  shear 
blades,  &c. 

275  N.  C.  Szereimey — Tarpauliug 

276  G.  Hawksley — Veutilators  and  chimney  pots 
■277  W.   NncLeati— Improvements  in    printing   ma- 
chinery 

i.7S  J.  Pickering — Propulsion  of  ships,  vessels,  and 
boats 

279  T.  W.  Carter— Construction  of  ships 

280  J.  McDonald— Stoppers  for  bottles,  &c. 

281  S  Smith — Taps  or  valves  for  regulating  the  flow 
or  steam,  &c. 

232  G.  Hawksley— Pumps 
283  G.  Price— Window  fastenings 
2a4  J.  H.  Johuson— Piles,  faggots,  or  billets  of  iron 
or  steel 

285  A.  M.  Clark — Machinery  for  hulling  or  decorti- 
cating grain 

286  A.  Mallard— Horse-shoes 

287  F.;Jay— Oil  paint 

Datbd  January  30th,  1869 

288  T.  E  Lundy  aud  T.  Hood— Driving  sewing  ma- 
chines by  electro  magnetism 

239  T  Whimster — Exhausting,  washing  and  forcing 
gasecus  bodies 

290  P   J.  Wielemans— Ovens 

291  W.  Weldon — Regeneiafionofcertaincompouods 
of  manganese  from  certain  residues 

292  T.  Pimbley— Alarm  communication  between 
railway  passengers,  guard,  and  engine  driver 

293  S.Taylor  and  G.  W.  Dyson— Spade  aud  shovel 
moulds 

294  H.  N.  Nissen — Printing  bankers'  checques  and 
similar  documents 

295  K.  C.  Watson— Boats 

296  E  T.  Hughes— File  planing  machine 

297  E.  T.  Hughes— File-cutting  machine 

298  R.  Wood — Improvements  in  steam  engines 

299  J.  Tolson — Cleaning  the  cards  of  carding  ma- 
chinas,  &c. 

300  G.  H.  Adam — Apparatus  to  enable  the  driver  of 
a  locomotive  engine  to  ascertain  the  condition  of 
the  tram 

301  T.  H.  Kilner— Feed  apparatus  to  carding  and 
condensing  machinery 

302  A.  S.  Andrews— Hi  rse  collars 


Dated  February  1st,  1869. 

303  J.  T.  Bintley— Billiard  and  bagatelle  tables 

304  J.  VVhyte — Tailors.'  shears  and  scissors 

305  CD    Abel — Apparatus  ior  casting  inyots 

306  T.  G.  Daw— Forming  stereotype  matrices 

307  J.  A.    Limbert— Apparatus    for  moving  heavy 
botlies,  &c. 

308  A   V.Newton — Improvements  in  machinery  for 
condensing  slivers 

309  J.  A.  A.  I-outame— Hydrostatic  hoist 


Dated  February  2nd,  1869. 

310  R.  Caunce,   M.  G.  Bradley,  and   B.    Bradley  — 
Appaiatus  for  twisting  yarns,  &c. 

311  C.  Honlt — Screeus  or  shields  for  covering  five- 
place  openings 

312  A.  Barclay — Ejector  condensers 

313  J.  Proud— Basket  c^rs 

314  N    Voice — Apparatus  for  regulating  the  flow  of 
water,  &c. 

315  D.Joy — Apparatus  for  extracting  oils 

316  S.  Brooke — Condenser  carding  engiues 

317  A.  E.  Harris— Artificial  teeth 

318  W.    I.    Palmer  and    W.    P.    Gouldiog— Evapo- 
rating and  calciuiug  alkaline  solutions 

315  W.  A.  Smith— Preservation  of  meat,  &c. 

320  J  Bird—  Kilns  or  oveus  lor  drying  aud  burning 
bricks,  &c. 

321  W.  E  Newton— Ccnsi  ruction  of  the  permanent 
wav  of  railroads 

322  H.  Bati*—  Improved  top 

323  W.  Brabazon— Improved  iron  chain  net  for  oyster 
dredges 

Dated  February  3rd,  1869. 

324  V.  Baker- Improvements  in  vessels  for  contaiu- 
ing  hot  liquids 

325  J.  Sinter — Railway  carriages 

326  J.  G.  Willana — Manutacture  of  iron  and  steel 

327  J.  Mackintosh— Ornamenting  surfaces 

328  J.  H.  Tyrrell— M^aBuriug  liquids 

329  A.  S.  Stocker  and  A.  R.  Stocker— Infants'  feed- 
ing bottles 

330  C,  D.  Abel— Hydraulic  cement 

331  F.  Vauderaey— Bricks,  &c. 

332  C.  E.  Brooman— Stays 

333  TV.  Lister— Filtering  syrups 

334  VV.  Maddick— Internal  fire  tubes  of  boilers 

335  R  R.  Frohock — Improved  machines  lot  muking 
las's 

336  J.  E.  Johnson — Photographic  pictures 

337  L.  Wray— Carbonizing  wrought  iron 

338  A.  V.  Newton— Sewing  machinery 

339  J.  Howard— Turn-wrest  ploughs 

Dated  February  4th,  1869. 

340  H.  BryceNon  J.  Brycesou,  aud  T.  H.  Morten— 
Application  of  electricity  to  organs 

341  T.  Parkinson  —  Doors  for  regulating  the  admis- 
sion of  air  to  furnaces 

342  J.  J.  Bagsbawe  and  W.  F.  Batho— Manufac 
turing  semolina  aud  flour 

343  E.d'Anois— Inkstand 

344  T.  PankhurstauuT.  Pankhurst—  Gully  trap* 

345  E.  Lord — Fu maces  for  steam  boilers 

346  P.  Jensen — Utilizing  the  motion  of  waves 

347  R  XV.  Knowles  and  G.  Green— Stretching  ar.d 
finishing  muslins,  ftc. 

3-18  J.  Vavasseur — Working  heavy  guns  or  ordnance 

349  E.  Morewoud— Tin  plates 

350  G.  Bray— Slip  hook 

351  W.  E.  Newton— Elevated  railways 

352  H.  Jones — Souudiug  taniug  forks 

Dated  February  oih,  1869. 

353  G.  Ashworthaud  E.  Asbworth — Manufacturing 
paper  fasteners 

354  J.  Jobson — Explosive  projectiles 

355  F.  Braby — Utilization  of  the  waste  solutiou  of 
sulphate  of  iron 

356  W.  Bluudell— Chimney  guards 

357  J.  Page — Pipe  joints 

358  J.  Henderson — Surface  condensers 

359  XV  Adams  and  XV.  G.  Beattie — Bearing  springs 

360  J.Taylor — Machinery  for  raising  and  lowering 
bodies 

361  J.  H.  Johnson — Mounting  and  working  ord- 
nance 

362  J.  Halford— Puddling  furnaces 

363  A.  dark— Mules  for  spinning  yarns 

364  A.  Browne — Manufacture  ot  stearine 

365  D.  D  Kyle — Communicating  uud  signalling  in 
railway  trains 

366  C.G.  Hill— Rosettes  and  trimmings 

Dated  February  6th  1869. 

367  C.  S.  Dawson — Elastic  stamp  for  printing  on 
paper,  &c. 

368  H.  A.  Dufreue— Manufacture  of  ice 

369  J.  S.  Offonl— Clipping  horses 

370  W.  R.  Lake— Puddling  rurnaces 

371  R.  S;.ook— Cocks,  tup-,,  aur1  valves 

372  J.  C.Shaw — Apparatus  for  cutting  wire,  rods  cf 
mttaL&c. 

373  J.T.Edmonds — Apparatus  for  giving  mediciue 
to  horses 

374  H.  A.  Bonneville- Compound  for  preparing 
jelly  broth 

375  C.  D.  J.  Seitz- Furnaces  and  pans  for  the  reco- 
very of  soda  from  WHSte  lyes 

376  E.  Meldrum—  Paraffiue'oil 

377  T   Harrison— Seed  drills 

378  B.  Walher  and  XV.  TiUou— Jacquards  and 
leading  machines 

Dated  February  8th,  1869. 

379  E.W.  Hawes— Buoys 

380  T.  Nicols  and  J.  Parr— Signal  bells 

381  L.  Strauss  and  A.  Seckuach — Preserving  aud 
improving  beer 

382  E.J.  D.  Fopaard — Clyster  pump 

383  R.  W.  Row— Solitaires,  links,  &c. 

384  J.  H    Johnson — Steam  engine  Governors 

385  O   Sarony— Photographs 

386  XV.  R.  Lake— Lining  for  furnaces 
3»7  W.  R.Lake— Knitting  machines 

388  B    Hunt— Vacuum  gauge 

389  H.  J.  Kichraao— Fans 

390  F.  Jenkin— Electric  light 

Dated  February  9th,  1869. 

391  W.  A.  Lyttle— Magneto-electric  apparatus 

392  R.  Phelps,  G.  Phelps,  O.  XV.  Phelps— Feeding 
bottles 

393  G0  Rees — Desigr.3  on  glass 

394  W.  Williams — Communicating  between  pas- 
sengers and  the  guard  aud  driver  of  railway 
trams 


395  J.  Deunell  and  G.  XV.  Dennell— Cutting  soles 
>iud  heels  fur  biiots 

396  J.  Wilkinson  and  W.  Scott— Looms 

397  G.  White— Aut.motor 

398  XV.  Mitchell— Felt  carpeting 

399  1,.  A.  C.  St.  Paul  de  Sincay— Metallic  tilesf  of 
roofing 

400  G.  CritchI*M  and  H.  B.  Fox— Rockiug  chairs 

401  G.  F.  G.  D'sv.jmes—  Boilers 

402  B.  F.  Sturtevant— Furnace  blower 

403  J.  H.  Johr.sou-Heating  apparatus 

404  J.  H.  Johusou— Paper  makiai: 

405  E.J.  A    Cumere — Kotaiy  steem  engines 

Dated  February  10th,  1869. 

406  K.  B.  Edwards — Communicating-  between  pas- 
sengers and  tlie  driver  and  guard  of  railway 
trains 

407  G.  Gros— Self  closing  boxes    • 

408  XV    Hilton— Looms 

409  J.  Crofts— Combing  wool 

410  J.  Stuart— Separation  of  wool  from  vegetable 
fibres 

411  8.  Mellor-Pumps 

412  W.  Lever— Hats 

413  S.  XV    Mulloney— Surgical  bandage 

414  C.  T.  E.  Lascelles— Casks 
41.5  F.  J,  Knewstub—  Locks 
4(6  J   F   Beutley— Filters 

417  XV    H.  Fischer—  Photographic  printing 

418  G  Broadhurst  and  J.  Kershaw— Double  texture 
cloth 

410   P.  Tayseu- Stearic  acid 

420  J  Claytou — Paste  for  fixing  and  brightening 
colours 

421  J.  Greenfield— Hopscotrh  cloths 

422  J.  A.F.  Suter  and  T.  C.  Hiude—  Heating  steam 
boilers 

423  J.  Carter— Waterclo^ets 

424  J.  E.  Biltups,  XV.  Cooper,  G.  T.  A.  Hine,  and 
VV,  Young — Communication  between  passengers, 
guaids  and  drivers  of  train* 

425  W.  R.  Lake— Water  velocipede 

Dated  Febeuary  11th,  1869. 

426  G.  F.  Ansell— Steel  and  iron 

427  P.  J.  Smith,  F.  XV.  Smith,  H.  G.  Smith,  and 
A.  Pappeuberger — Pianofortes 

428  G.  A.  Nowell— L.mps 

429  J.  Young — Measuring  the  pressure  of  gasses 

430  H.  P.  Hansen— Stoves 

■131  C.Thomas—  Reaping  machines 

432  B.  P.  Stockman— Watti  meters 

433  A.  C.  Engert— Mouldings 

Dated  February  12th,  18G9. 

434  H.  Edwards— Preserved  food 

435  W  J.  Horton— Railway  chairs 

436  T.  A.  Collinson  —  liuttoued  boots 

437  F.  J.  Vaudenvmne— Plough 

438  XV.  H.  Hayhurst- Looms 

439  H.  B.  Binko—Iudigo,  carmine,  &c. 

440  T.  V.  Trew— Screw  propellers 

441  G.  H   Morgan— Carriages 

442  XV    E    Newton — Explosive  compounds 

443  A.  V.  Newton— Rotary  eugine 

444  F.  C.  Hills— Furnaces  of  gas  retorts 

445  W.  Summers — Packing  cases  for  storing  miueral 
wateis 

Dated  Februahy  13th,  1869. 

446  C.  Gordon — Breechloadiug  firearms 

447  A.  XV.  Taylor—  Mt-thod  of  ceiling  walking 

448  J.  Holmes— Sash  holder 

449  XV.  E.  Newton — Heatmg  apparatus 

450  D.  Hanton— Ploughs 

451  E.  G.  Brewer — Constructing  metallicjointa 

452  S.  VV.  Campain — Seed  and  manure  drills 

453  XV.  Bastord— Bricks  and  tiles 

Dated  February  15th,  1869. 

454  \V.  Haycock  and  W.  Carter — Horseshoes 

455  B.  Hunt— Saws 

456  A.  Morton — Improvements  in  the  induction  of 
fluids 

457  VV.  H.  Taylor—  Combined  harness  buckle  and 
loop 

458  W.  R.  Lake — Mechanism  for  changing  shuttles 

459  E.  J.  Hill  and  R.  Davis— Signaling  apparatus 

460  A.  H    Lewis — Extracting  copp-r 

461  T.  Hattersley— Spindles 

462  C.  W.  Lancaster — Wadding  for  breachloading 
cartridges 

Dated  February  16th,  1869. 

463  S.  Shaw- Lacing  and  buttoning  boots  and 
thoes 

464  T.  Bond— Constiuctior  of  casks 
4b5  T.  Winner— Spiing  coupling 

466  H.  Poseu— Fastenn.g  for  purses,  &c. 

467  T.  Billyeald-Hair  nets 

4  8  W   Smartt  -  Utilizing  heat 

469  L   N.  Legras— Preservation  of  animnl  and  other 

470  V.  A.  Houdaille— Metallic  bungs 

471  G.  XV.  R.  Pi^ott— Consecutive  manufacture  of 
various  articles  from  materials  capable  of  being 
formed  by  tension,  compression,  or  extension 
thereof 

472  B.  J.  B.  Mills— Brickmaking machinery 

4'3  C.  E.  Brooman— Treating  waste  of  wool,  silk, 
horu,  &c. 

474  H.Tylor— Spring  bedsteiids 

475  A.  McNeileand  J.  Slater— Carriage  wheels 

476  J.  Fletcher— Begass  fun. acts 

477  F.  Walton— Auib'cial  leather 

473  H.  Mulliner— Hanging  broughams 

479  J.  VV.  Yates— Spaoea,  shovels,  &.c. 

Dated  February  17th,  186?. 

480  T.  Sugar  and  Thomas  Richmond— Looms 

481  J,  Wood,  B.  Wood,  and  R.  Woon— Steam 
engines 

482  E.  T.  Hughes — Washing  machines 

483  J.  Atkms-  Metallic  beds  t*  .ds 

484  E.  Round — Vessels  tor  hotdiDg  aud  cooling  or 
warming  fluids  or  solids 
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SEA-GOIXG  TURRET  SHIPS. 

By  Admiral  Pakis. 

(Illustrated  by  Plate  343). 

The  subject  of  sea-going  turret  vessels,  -which  is  one  of  such  vast  impor- 
tance to  this  country,  has  just  now  acquired  still  greater  intorest  from  tho  fact 
lately  disclosed  by  Mr.  Childers,  the  present  chief  of  the  Admiralty,  that 
our  government  have  at  last  determined  to  entirely  leave  off  building  wall- 
sided  iron-clads,  and  construct  only  turret  ships.  It  will  be  remembered 
by  the  readers  of  The  Artizax  that  the  superiority  of  turret  ships  have 
been  constantly  pointed  out,  as  for  instance  when  illustrating  the  Monitor 
Dictator  in  October  1867,  also  when  giving  the  lines  of  the  BeUerophon  in 
September  1868  and  at  various  other  times,  and  it  cannot  be  otherwise  than 
gratifying  to  find  that  the  views  there  expressed  have  at  last,  in  spite  of 
most  strenuous  opposition  in  high  places,  been  adopted  by   the  Admiralty. 

Few,  if  any  authorities  upon  this  subject  stand  so  deservodly  high  as 
Admiral  Paris — whose  paper  before  the  Institution  of  Naval  Architects  last 
year  attracted  so  much  attention — -or  who  has  devoted  so  many  yoars  to  the 
study  of  its  merits,  and  we  have  therefore  given  in  tho  accompanying  Plato 
(343)  several  illustrations,  together  with  the  following  explanation  of  his 
views  as  communicated  by  him. 

Since  tho  first  appearance  of  the  Gloire  as  a  sea-going  iron-clad,  but  few 
changes  have  arisen  in  the  general  features  and  form  of  vessels  of  this  type. 
The  only  alteration  of  a  notable  character  consists  in  the  adoption  of  a 
central  battery,  which  system  has  been  rondered  necessary,  because,  by 
reason  of  tho  increasing  ponotrative  power  of  shot,  it  has  been  found  prac- 
tically impossible  to  carry  armour  of  sufficient  thickness  over  the  whole 
length  of  wall-sided  ships  to  afford  them  ample  protection.  One  conse- 
quence of  tho  introduction  of  central  batteries,  has  been  a  reduction  in  tho 
number  of  guns  carried  by  a  vessel ;  thus  ships  of  tho  magnitude  of  the 
BeUerophon  and  Hercules  now  carry  only  four  or  five  guns  on  each 
side. 

It  tfl  evident,  however,  that  these  guns  will  bo  more  effectively  used  in  a 
turret  than  in  a  central  battory,  and  this  is  now  beyond  dispute,  tho  doubts 
militating  against  the  turret  system  having  boon  cleared  away  by  tho  trials 
of  monitors  in  active  warfare,  and  by  their  sea  voyagos.  ',  i  o  as  all  iron- 
clads havo  boon  built  of  tho  same  shapo,  that  is  to  say,  with  vortical  sides 
and  rounded  bottom,  thoy  commonly  roll  heavily,  shipping  wator  through 
their  ports  and  ovor  thoir  bulwark!  and  preventing  tho  use  of  thoso  guns 
which  in  the  old  ships  of  war  would  havo  probably  boon  brought  into  action  : 
lis  defect  must  bo  added  tho  dangor  arising  from  tho  rolling  <>i'  the 
vessel  which  tonds  to  expose  tho  weak  or  on-armoured  parts  of  the  vossol 
overy  few  seconds.  Hence  at  the  proaont  time  it  appears  thai  in  tho 
ordinary    system  of    wall-sided   iron      •  limited   range  of  guns,  the 

low  height  of  their  elevation  above  tho  anxfa I  the  wafer  and  the  railing 

of  the  ships  aro  defocts  gravoly  impairing  their  other  qualifications  which 


have    been  so  greatly  enhanced  by    the    skill    of   many  of    our    modern 
engineers. 

There  appeared,  however,  on  the  other  side  of  the  Atlantic,  a  peculiar 
description  of  vessel,  which  was  only  designed  for  navigating  rivers,  but 
was  found  to  possess  a  remarkable  stability  in  a  sea  way,  only  rolling  about 
one-third  as  much  as  vessels  of  the  ordinary  build.  The  natural  conclu- 
sion from  this  almost  unexpected  result  is,  let  us  adopt  similar  shaped 
vessels  ;  or,  in  other  words,  let  us  build  monitors.  But  if  this  form  were 
adopted  throughout  the  entire  navy  of  any  country,  she  would  be  unable 
to  carry  on  a  war  in  open  sea  in  bad  weather,  as  it  is  acknowledged  to  be 
unsuitable  for  a  heavy  sea.  The  problem  therefore  is,  how  to  obtain  the 
advantages  of  stability  and  extensive  range  of  fire  as  possessed  by  the 
American  monitors,  in  vessels  capable  of  navigating  the  ocean  in  all 
weathers.  This  problem  Admiral  Paris  endeavoured  to  solve,  after 
having  had  the  advantage  of  studying  the  various  model1:  in  the  Paris 
Exposition,  and  having  reliable  information  respecting  the  monitors,  to- 
gothor  with  long  experience  at  soa.  To  design  a  vossel  which  should  be  as 
free  from  rolling  as  a  monitor ;  as  seaworthy,  and  with  as  good  accommo- 
dation, as  vessels  of  the  usual  form,  and  carrying  her  guns  a  sufficient 
height  out  of  the  water,  with  an  all  round  fire,  was  his  object. 

As  regards  stability,  or  froodom  from  rolling,  it  is  woll  known  that  a 
boat-hook  floating  in  the  wator,  and  kept  right  by  the  weight  of  tho  iron 
end,  is  loast  affected  by  the  waves.  Again,  a  plank  weighted  on  tho  bot- 
tom side  will  not  roll,  while  a  body  in  tho  form  of  a  sphore,  or  a  cylinder, 
has  no  stability  of  its  own,  and  roquiros  a  large  amount  of  ballast  to  keep 
it  upright.  Tho  contrast  betweon  tho  motion  of  different  shapes  of  buoys 
in  a  heavy  sea,  is  a  simple  illustration  of  varying  stability.  A  body  of 
almost  equal  specific  gravity  to,  and  which  consequently  has  its  upper  sido 
level  with,  the  wator,  such  as  a  boat  tillod  with  wator,  or  a  pioco  of  ico, 
moves  with  tho  wavos,  but  only  so  far.  Tho  first  of  these  forms  would,  of 
course,  be  impossible,  as  the  vessel  would  bo  impracticably  deep,  besides 
which,  a  comploto  immobility  is  undesirable.  Tho  merits  of  the  circular 
form  aro  about  to  bo  proved  by  the  Winan's  yacht,  and  prosents  many 
difficulties  :  wliilo  tho  monitors  havo  provod,  on  a  large  scalo,  tho  in- 
fluence of  waves  upon  a  body  of  a  specific  gravity  noarly  equal  to 
wator. 

Theso  throo  illustrations,  appliod   to   tho  usual   construction  of  vossol, 
which  may  bo  described  as  a  semi-cylinder,  with  a  parallelopipedon  over  it, 
show  that  it  is  tho  form  of  maximum  rolling,   especially  if  weight   is 
outside  to  add  to  tho  inortia.     It  is   woll  known   t hat  a  raft   rolls  Loss  than 
a  boat,  while  a  boat  hook,  Soatin  i  them,  is  quite  motionless,  tor 

which  reason  it  lias  boon  employ. "1  as  a  wave  tracer  for  showing  the  rolling 
of  ships   an.)  the   motion  of  wavos,  and   has    been    found   to  act    very 
It  is,  moreover,  nee  rely  npon  the  •well  established  b 

the  non-rolling  ol  the  is  the  excessive  motion  ol  iron  clad  vessels 

have  fully  proved  om  to  laws  which  govern  the  motion  of 

■hips,  because  if  any  theory  npon  this  point  really  existed,  it  would  be  un- 
pardonable  not  to  have  applli 

Pot  this  reason,  when  it  iol  Iron-olad  vowels, 

Admiral  P  I  that  a  model  should  be  !  i    ibout  180ft,  long 
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— -with  iron  frames  and  wood  planking  fastened  -with  screw  bolts,  thus  making 
a  composite  vessel.  With  such  a  vessel  experiments  might  have  been  tried 
with  weights  in  every  possible  position,  and  after  having  experimented 
sufficiently,  the  boat  might  be  hauled  ashore,  the  planks  removed,  and  the 
frames  put  in  the  furnace  and  afterwards  bent,  so  as  to  form  a  vessel  of 
some  different  shape  upon  which  to  try  similar  experiments.  By  these 
means  a  considerable  amount  of  practical  knowledge  could  have  been  ob- 
tained as  to  the  best  form  of  vessel  for  war  purposes.  May  it  be  hoped 
that  at  some  not  remote  period  a  society,  such  as  one  of  those  which  are  so 
justly  celebrated  in  England,  will  make  these  questions  practically  a  Vordre 
dujour,  and  institute  a  series  of  public  experiments. 

It  has  been  already  mentioned,  the  monitor  is  the  best  form  of  vessel  for 
stability,  and  is  also  perfectly  adapted  to  the  smooth  surface  of  rivers, 
where  the  ship's  company  have  frequent  opportunities  to  breathe  pure  air 
ashore,  though  they  cannot  be  considered  as  adapted  for  long  voyages  at  sea. 
The  first  monitor  was  sunk  in  weather  which  permitted  another  ship  to  use 
her  boats  ;  while  the  Weehawlcee  and  the  Affondatore  suffered  the  same 
fate,  in  consequence  of  opening  the  hatches  to  breathe  a  little  air  after  a 
battle.  The  voyages  of  the  Miantonomoh  and  the  MonadnocJc  do  not 
prove  the  seaworthiness  of  those  vessels  any  more  than  the  successful  trip 
of  the  Bed,  White,  and  Slue  proves  that  a  row  boat  is  a  safe  craft  in 
which  to  navigate  the  ocean. 

The  point  therefore  is  to  attain  as  near  as  possible  to  the  non-rolling 
quality  of  the  monitors,  and  avoid  their  unseaworthiness  which  the  Admiral 
endeavoured  to  accomplish  in  the  following  manner.  It  will  be  seen  on 
Plate  (343)  that  the  midship  section  of  the  proposed  vessels  are  formed  of 
parts  of  circles  for  the  sides  with  a  fiat  bottom,  the  sides  rising  but  a  short 
distance  above  the  water  line,  and  covered  with  a  deck  for  a  certain  distance 
inwards ;  when  the  sides  again  rise  to  a  sufficient  height  to  admit  of  ports 
being  placed  well  above  water,  this  portion  being  long  and  narrow  some- 
what similar  to  a  river  steamer  in  shape.  Upon  roference  to  the  cross 
sections  shewn  in  the  Plate  (343)  it  will  at  once  be  observed  that  with  the 
exception  of  the  comparatively  narrow  raised  portion,  the  vessel  is  similar  in 
section  to  a  monitor,  and  consequently  possesses  the  similar  properties  of  sta- 
bility. This  element  being  the  most  important  point,  it  was  necessary  to  study 
it  carefully  and  therefore  the  writer  calculated  the  positions  of  centre  of 
carene*  and  the  metacentre  both  when  the  vessel  was  upright  and  also  when 
heeled  over  at  various  angles  up  to  2(F  from  which  the  following  table  was 
obtained. 
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Vessels  of  this  form  are  notable  clippers  but  for  the  sake  of  comparison 
we  will  take  a  spread  of  canvas  equal  to  that  of  an  old  three  decker  with 
3,000  square  metres,  the  centre  of  effort  being  26-20m.  above  the  water  line. 
The  Admiral  then  compared  the  moment  of  stability  at  various  inclinations 
with  that  of  vessels  built  upon  the  old  system  and  given  in  a  table  in  a  most 
instructive  work  by  M.  Freminville  sub-director  of  the  school  of  Genie 
Maritime  entitled  Guide  du  Marine  which  is  as  follows : — 


*  That  portion  of  a  vessel  which  is  below  the  water  line,  when  floating  in  any  posi- 
tion whether  upright  or  inclined. 


Names  of  Ships. 


s«, 


s     -a 


Breslaui,  100  guns,  with  full 
complement 

Stores  having  been  used 

Tage,  90  guns,  with  full  com- 
plement  

Stores  having  been  used 

Breslaw,  with  full  complement 

Alceste,   52    guns,    with    full 
complement     

Stores  having  been  used 

Jeanne   $  Arc,  44  guns,  with 
full  complement 

Stores  having  been  used 

Evrydice,  30  guns,  with  full 
complement , 

Obligado,  10  guns,   with    full 
complement 

Stores  having  been  used 


Eatio  of  the  stability  of  the  proposed 

Ship  (Trace  No.  1),  to  that   of  each  of  the 

vessels  named  below  for  inclinations  of 


Normal, 


0-082 
0-059 

0-096 
0-078 
0-076 

0-067 
0-053 

0-063 
0-051 

0-077 

0-065 
0-059 


Times. 


4-25 

5-1 

5-37 

6-09 
7-59 

6-47 
8.00 

5-30 

6-27 
691 


5  deg. 


Times. 

2-55 
3-54 

2-37 
269 
2-75 

3-12 
3-94 

3-31 

4-10 

2-71 

3-21 
3-37 


10  deg. 


Times. 

1-29 
1-8 

1-11 
1-36 
1-40 

1-58 
2-00 

1-68 
2-08 

1-37 

1-63 

1-80 


15  deg. 


Times. 

1-12 
1-55 

0-95 
1-18 
1-21 

1-37 
1-73 

1-46 
1-80 

1-195 

1-41 
1-56 


20  deg. 


Times. 

1-30 
1-84 

112 

1-37 
1-41 

1-60 
2-00 

1-70 
2-10 

1-39 

1-64 
1-88 


From  these  figures  it  will  be  seen  that  the  stability  of  the  proposed  ship 
No.  1,  which  has  been  calculated  for  a  light  cargo,  or  at  least  for  a  mean 
one,  is  eight  times  that  of  some  of  the  old  ships  after  the  stores  were  used, 
and  if  compared  with  the  Tage  with  full  compliment  of  stores  and  provisions, 
the  ratio  is  4.25  times,  the  position  of  No.  1  being  normal.  But  it  is  to 
be  observed  that  at  5  degs.  the  ship  No.  1  has  5  per  cent,  less  stability 
compared  with  the  Tage  with  full  compliment,  but  1.18  more  after  the 
stores  have  been  used.  With  regard  to  the  other  ships  the  stability  is  higher 
even  when  their  stores  are  on  board.  It  has  also  to  be  remarked  that 
though  the  stability  is  a  minimum  at  the  angle  of  15  degs.,  it  rises  after- 
wards, and  at  20  degs.  is  much  higher. 

Admiral  Paris  is  aware  that  the  comparison  with  the  ships  mentioned  is 
not  so  fair  as  would  be  one  with  old  ships  having  "  tumbling  home  "  sides, 
such  as  the  Royal  Louis,  &c,  designed  by  M.  Ollivier  in  1750,  and  such  as 
that  proposed  by  the  Admiral  formerly.  These  have  a  carene  like  other  ships 
that  is  to  say,  88  m.  long,  18.20  m.  beam,  and  8  m.  draught,  but  the 
upper  deck  would  not  be  proportionately  so  wide  as  the  more  modern 
vessels,  so  that  the  metacentre  would  be  motionless,  as  in  the  old  class  of 
ships,  as  shown  in  the  work  entitled  "  L'Art  Naval  h  l'Exposition  de  1867." 
The  plan  first  proposed,  and  here  alluded  to,  was  but  a  first  step  towards  the 
present  arrangement. 

It  should  here  be  observed  that  all  the  calculations  relating  to  the  pre- 
sent proprsed  form  of  turret  ships  have  been  made  in  reference  to  the  largest 
shown  at  Trace  No.  1,  PL  343,  and  proportionately  reduced  for  the  two  others, 
of  which  the  lines  and  proportions  are  relatively  the  same. 

It  may  be  of  advantage  to  those  engaged  in  the  examination  of  such 
questions  as  that  under  present  consideration  to  be  made  acquainted  with 
the  method  pursued  in  the  calculations  to  economise  time  and  labour. 

The  calculation  of  the  centre  of  carene  for  a  ship  when  inclined  is  exceed- 
ingly tedious,  wherefore  the  writer  employed  a  term  called  the  mean  section, 
which  is  obtained  by  taking  the  arithmetical  mean  of  the  ordinates  to 
each  water  line  and  setting  off  the  height  as  obtained  in  this  manner. 
Then  is  the  centre  of  carene  situate  in  the  centre  of  this  figure,  as  may  be 
proved  by  arithmetically  calculating  a  centre  of  carene  according  to  Stir- 
ling's differential  method,  as  employed  by  the  Swedish  Constructor  Chap- 
man, the  French  Naval  Architect  Clairbois,  and  now  adopted  by  naval 
architects  generally.    The  writer  draws  attention  to  this  method,  as  he 
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found  it  exceedingly  difficult  to  make  the  necessary  calculations  within 
ieasonabie  time  in  the  ordinary  manner. 

To  return,  however,  to  the  more  important  question  of  stability,  which  was 
treated  by  Mr.  E.  J.  Reed,  C.B.,  in  a  very  interesting  paper  "  On  the  Stability 
of  Monitors  under  Canvass,"  read  by  him  before  the  Institution  of  Naval 
Architects  at  their  meeting  held  last  year ;  he  states  that  monitor-like  ships, 
such  as  the  Duncan,  possess  but  little  stability  when  upright;  which  de- 
creases rapidly  as  the  vessel  heels  over  and  the  deck  becomes  immersed. 
Mr.  Reed  endeavoured  to  illustrate  his  position  by  meaus  of  diagrams, 
showing  a  spread  of  sails  as  wide  as  before  this  vessel  was  converted.  But 
this  rased  vessel  is  far  from  being  similar  in  midship  section  to  the  com- 
mon monitors,  which,  having  very  flat  bottoms,  have  a  vastly  superior 
Stability.  A  flat  ship  carries  its  metacentre  very  high  ;  as  an  illustration 
may  be  mentioned  the  outrigged  canoes  of  Point  de  Galle,  well  known  to 
eastern  travellers,  and  which  are  capable  of  carrying  the  largest  sails  in 
the  world  in  proportion  to  their  size.  It  would,  of  course,  be  very  un- 
comfortable to  sail  in  a  vessel  which,  according  to  Mr.  Reed,  would  capsize 
if  inclined  more  than  about  5  degs.;  but  on  reference  to  Plate  343  it  will 
be  seen  that  when,  owing  to  a  press  of  sail,  the  vessels  there  shown  heeled 
over  to  any  considerable  extent,  the  proper  stability  would  be  restored  as 
soon  as  the  water  reached  the  inner  side  of  the  ship ;  besides  which  the 
angle  between  the  deck  and  the  inner  side  there  shown  might  be  filled  up 
by  curving  the  deck  upwards  as  it  approaches  the  inner  side. 
(To  he  continued.') 


PATENT    ANCHORS. 
By  Fea>-cis  Campin,  C.E. 

The  importance   of  being   able   to   obtain    ship's   anchors  upon  which 

perfect  reliance  may  be  placed   can   scarcely  be   overrated,   and  to   offer 

reasons  fur  such  an  opinion  would  be  merely  a  work  of  supererogation,  as 

they  are  patent  to  everyone  who  gives   the   subject  even  the  most  cursory 

lideration. 

For  a  very  long  period  there  prevailed  a  certain  carelessness  in  the 
mut'er  ot  the  construction '  and  capabilities  of  anchors  on  the  part  of 
mariners  and  shipowners,  the  result  of  which  was  that  few  or  no  attempts 
of  a  really  earnest  nature  were  made  to  improve  upon  the  simple  form  of 
the  common  anchor  and  produce  something  that  should  approach  more 
nearly  to  being  a  guarantee  of  safety  in  such  cases  of  emergency  as  those 
in  which  the  vessel's  preservation  or  destruction  depends  upon  whether  it 
is  firmly  held  to  il  ige  or  not. 

the  earliest  improvements  in  anchors  may  be  noticed  those  by 
Trotman  ami  by  Porter,  the  lattar  making  one  step  in  advance  of  the 
former.  By  means  of  these  inventions,  greater  security  was  offered,  hut, 
not  to  such  an  extent  as  would  satisfy  the  exigencies  of  the  case.  The 
impi/vemi  ii'.  in  Trotman's  anchor  consists  in  hinging  the  arms  carrying 
the  flukes  or  palms  instead  of  making  them  ligid,  as  in  the  ordinary  anchor, 
hut  tbe  peculiarities  of  the  different  descriptions  of  anchors  will  be  better 
understood  from  the  accompanying  illustrations  than  from  mere  verbal 
description. 

Fig.  1  represents  the  common  form  of  anchor,  A  being  a  front  and    B  a 
side  elevation.     The  letters  in    both   views   apply  to  the  same  parts  :  a  is 
.ink,  //  the  stock,  c  the  shackle  for  the  cable,  d  the  crown,  and  ee  the 
flukes  or  pabns  of  the  anchor. 
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It  will  be  observed  that  this  anchor  is  rigid — that  is  to  say  that  the 
stock,  shank,  and  palm3  are  immoveable  in  respect  to  each  other,  and,  to 
all  intents  and  purposes,  solid. 

The  principal  desiderata  in  an  anchor  are  as  follows:  It  should  quickly 
and  easily  take  the  ground  when  dropped;  if  the  ground  be  rotten  where 
the  anchor  is  dropped,  so  that  it  breaks  a.vav,  it  should  immediately  take 
hold  again  ;  it  should  be  easily  "tripped,"  "fished,"  and  "  catted,"  when 
required;  it  should  not  bo  liable  from  its  form  to  fouling  by  cables,  &c. ; 
it  should  be  of  such  shape  as  to  do  the  least  possible  damage  to  the  bottom 
of  any  vessel  which  might  happen  to  strike  on  it;  and,  finally,  it  should 
possess  the  greatest  possible  strength  with  a  minimum  amount  of 
material. 

It  is  evident  that  in  the  anchor  illustrated  above  there  exist  many  grave 
detects.  A  very  great  cross  strain  is  brought  upon  that  portion  of  the 
palm  of  the  anchor  which  is  adjacent  to  the  shank,  and  the  fluke  which  is 
not  embedded  is  very  liable  to  be  fouled,  and  also  very  dangerous  to  any 
vessel  which  might  ground  on  it,  aud  this  is  a  point  of  some  importance, 
as  sunk  anchors  are  sometimes  left  in  anchorages  where  at  low  tide  such 
an  occurrence  is  not  unlikely.  Again,  as  to  hold,  only  one  palm  or  fluke 
is  in  action  at  a  time.  Some  time  back,  Admiral  Hill  introduced  an 
anchor  which  was  merely  of  the  common  description  split  into  two, 
longitudinally.  The  object  of  this  arrangement  was  to  allow  of  one 
anchor  doing  duty  for  two,  it  being  supposed  that  one  half  of  the 
anchor  would  do  as  well  as  the  acting  part  of  a  complete  anchor, 
without  regard  being  had  to  the  fact  that  in  dropping  such  an  anchor  it 
would  be  necessary  to  send  a  boat  out  with  it  to  make  sure  of  its  one 
fluke  being  towards  the  ground.  Moreover,  if  it  were  to  break  away,  or 
"  come  home,"  it  might  very  likely  turn  over  and  drag  for  miles,  without 
the  slightest  chance  of  taking  bold  again  ;  there  is  also  the  great  fault  of 
weakness  at  the  root.  These  defects  are  so  evidently  inimical  to  the  suc- 
cess of  the  invention  that  it  would  be  superfluous  further  to  comment 
upon  it. 

Fig.  2  represents  Trotman's  patent  anchor  ;  a  is  the  shank,  h  the  stock, 
c  a  pin  passing  through  the  head  of  the  shank,  and  carrying  the  flukes  or 
palms,  dd.  In  this  arrangement,  instead  of  the  flukes  being  rigidly 
fixed  in  position  in  respect  to  the  shank,  they  admit  of  very  consider- 
able motion  about  the  pin  c,  being  able  to  assume  the  extreme  position 
shown  by  the  dotted  line  e  e.  In  this  mode  of  construction,  some  of  the 
grave  defects  of  the  old  form  of  anchor  are  to  a  considerable  extent  miti- 
gated, although  not  obviated  entirely.  By  means  of  the  motion  of  tbe 
flukes  they  are  enabled  to  assume  such  a  position  that  (e)  the  acting  fluke 
takes  a  much  deeper  and  firmer  hold  than  it  does  in  the  case  of  the  common 
anchor,  and  the  inactive  fluke  being  brought  down  upon  the  shank  of  the 
anchor  it  does  not  offer  so  dangerous  an  impediment  to  a  vessel  passing 
over  it  at  low  tide.  The  pin  c  may  to  some  extent  be  regarded  as  a  weak 
point  in  this  anchor,  hut  if  proportioned  properly  I  do  not  think  there  is 
much  danger  to  he  apprehended  from  this  source.  It  is  desirable  not  to  over- 
look one  danger,  which  is  that  of  dragging.  If  the  anchor  happens  to  drop 
with  that  fluke  which  is  close  to  the  shank  downwards  it  is  evident  there 
will  not  be  much  chance  of  the  palm  taking  hold ;  this  defect,  however,  is 
in  some  measure  remedied  in  Porter's  improvement  upon  Trotman's 
anchor. 


I'm   'is'  anchor  is  shown  in  tig.  .'!.      Il  will  be  observed  imiBi 

:  configuration  and  principle  of  working  Is  almosl  Identical  wish 
that  of  Trotman's,  hut  the  improvement  consists  in  the  addition  o( 
continuation!  or  countcr-llukes  hi/,  formed  on  the  backs  of  the  flul 
i  ;.    object    ol  i  ooi  Sukes   li    '  the  anchors   taking 

jTOund  when  dropped.     [I  is  evident,  far  instance,  thai  il  these 
il"  ■•round  when  ■  I    the 

dotted    lines,  and  in  such   manner  that  the  fluke  a   r 
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as  the  anchor  begins  to  drag,  the  counter-fluke  c  will  take  hold,  and 
bring  the  fluke  into  the  position  sbown  at  *'.  There  may  be  one  objec- 
tion to  this  counter-fluke  to  be  found  in  the  feet  that  to  some  extent  it 
tends  to  impede  the  progress  of  the  main  fluke  iu  penetrating  the  ground. 
In  other  respects  the  remarks  I  have  made  upon  Trotmau's  anchor  apply 
with  equal  force  to  Porter's. 

In  both  the  foregoing  anchors,  although  I  have  stated  that  the  mode  of 
construction  enables  the  acting  fluke  to  take  a  deeper  and  better  hold 
than  is  the  case  with  the  common  anchoi,  this  may  not  always  be  so, 
but  the  patent  anchors  may  be  made  to  take  a  hold  as  good  and  deep  as 
that  of  the  common  description  with  a  much  smaller  span  or  distance  be- 
tween the  flukes. 

A  form  of  anchor  has  been  recently  re-introduced  which  is  perhaps 
scarcely  worth  notice,  but  for  the  fact  that  it  has  been  set  forth  as  a 
novelty,  which,  however,  it  may  be,  on  the  other  side  of  the  Atlantic, 
whence  I  believe  it  is  imported.     This  anchor  is  shown  in  fig.  4. 

This  contrivance  comprises  a  long  square  shank  a  a  attached  to  the 
ship's  cable  by  the  shackle  d.  Through  this  shank  are  formed  two  slots 
J  J  at  right  angles  as  shown.  Within  the  slots  are  suspended  on  pins  two 
separate  flukes  or  palms  c  c,  which  may  swing  out  on  either  side  of  the 
shank,  according  to  which  one  is  downwards.  This  is  about  the  worst  de- 
scription of  anchor  that  has  ever  yet  been  introduced,  and  its  defects  are 
so  glaring  that  it  is  astonishing  such  a  design  should  ever  have  been  suffered 
to  come  under  public  observation. 

In  the  first  place,  if  the  shank  be  lying  on  level  or  tolerably  level 
ground  there  is  but  like  chance  of  the  fluke  taking  hold  on  account  of  its 
peculiar  form  shown  at  f-  It  is  clear  that  the  part  g  would  rest  on  the 
ground  and  slide  or  drag  along  it,  until  some  chance  obstacle  lying  in  its 
path  arrests  its  progress  by  contact  with  the  point  e.  The  point  e  cannot 
be  curved  downwards,  as  shown  by  the  dotted  lines  i,  so  as  to  more  readily 
take  the  ground,  because  the  fluke  is  required  to  act  equally  well  in  both 
directions — that  is  to  say,  which  ever  side  is  downwards.  Supposing,  how- 
ever, that  the  point  e  does  take  the  ground,  the  shank  of  the  anchor  rises 
somewhat,  and  in  all  probability  (there  being  no  stock  to  steady  it)  imme- 
diately afterwards  falls  over  again,  leaving  the  fluke  free  to  drag,  unless 
indeed  the  second  fluke  at  right  angles  to  the  first  should  happen  to  take 
hold  before  the  shank  has  fallen  far  enough  over  to  relieve  the  first  fluke ; 
but  even  when  both  palms  are  in  the  ground  a  very  slight  lateral  move- 
ment must  materially  weaken  their  hold. 

Lastlv  may  be  noticed  a  defect  which  alone  would  render  this  anchor 
eminently  unsafe,  which  consists  in  the  enormous  strains  to  which  the  pins 
li  h,  carrying  the  flukes  are  exposed.  It  is  obvious  that  any  force  acting 
at  the  end  of  one  fluke  is  greatly  magnified  when  brought  on,  by  the  great 
leverage  afforded  by  this  mode  of  construction. 

Passing  now  from  anchors  which  hold  with  but  one  fluke  at  a  time,  and 
which  may  therefore  he  considered  as  only  giving  half  the  useful  effect 
required  from  them  we  came  to  a  more  promising  class,  viz. — those  anchors 
which  take  hold  of  the  ground  with  both  flukes  simultaneously. 

The  first  anchor  of  this  class  to  which  I  shall  direct  attention  is  that 
invented  by  Snell,  it  is  illustrated  in  Fig.  5. 


Fic.6 
c 


a  is  the  shank,  b  b  are  the  palms,  both  of  which  are  brought  simulta- 
neously into  action  whichever  side  of  the  ancVior  falls  downwards;  these 
palms  are  carried  by  a  cross-piece,  c  c,  which  is  doubly  cranked  in  the  centre 
of  its  length  as  shown  at  e,  in  view  A,  so  as  to  admit  the  head  of  the  shank 
a,  which  is  secured  by  the  pin  d  in  such  a  manner  that  the  palms  can 
oscillate  to  one  side  or  the  other  of  the  shank,  as  shown  by  the  dotted  lines 
at  f  in  view  b.  fhe  distance  through  which  the  flukes  can  oscillate  is 
determined  by  the  stops^^  on  the  head  of  the  sbanks,one  of  which  comes  in 
contact  with  and  arrests  the  motion  of  the  portion  e  of  the  cranked  piece  c  c. 
At  each  of  the   extremities   c  c,  there  are  two  counter-flukes  as  shown 


more  clearly  in  the  side  elevation    b,  which   are    attached   in    order  to 
ensure  the  flukes  taking  the  ground  as  soon  as  the  anchor  is  dropped. 

In  this  anchor  the  great  improvement  consists  in  bringing  the  two 
flukes  simultaneously  into  operation  and  with  certainty,  for  so  soon  as 
the  anchor  touches  the  ground  the  counter -flukes  c  take  hold  and  bring 
down  the  palms  b  b  into  a  suitable  position  for  penetrating  the  ground. 
At  first  sight  it  may  be  imagined  that  there  would  be  some  difficulty  in 
'•  tripping  "  this  anchor,  but  practically  such  is  not  the  case. 

In  regard  to  the  faults  of  Snell's  anchor,  I  may  mention  that  the 
weak  point  is  in  the  cranked  part  e  and  the  pin  d,  and  also  that  there 
is  some  slight  liability  to  foul  in  counter-flukes,  although  not  iu  a  very 
great  degree.  No  stock  is  added,  as  the  counter-flukes  on  the  transverse 
part  c  c  serve  to  steady  the  anchor. 

The  form  of  anchor  represented  in  Fig.  6,  in  which  a  is  a  front  and-B  a 
side  elevation  is  one  which  has  many  points  which  would  seem  to  claim  for 
it  the  position  of  the  best  anchor  that  has  yet  been  tried,  and  it  certainly 
has  undergone  some  exceedingly  severe  tests ;  it  is  the  invention  of  C. 
Martin. 

a  is  the  shank  of  the  anchor,  b  b  are  the  palms,  which  act  simulta- 
neously in  taking  the  ground ;  d  d  represent  the  "  sectors,"  or  counter- 
flukes,  which  ensure  the  main  palms  falling  into  the  proper  position  for 
penetrating  the  ground  when  dropped ;  e  is  the  head  of  the  shank,  which 
is  enlarged  to  allow  of  the  passage  of  the  portion  between  the  flukes, 
which  oscillates  in  the  aperture  through  the  head  of  the  shank ;  for  con- 
venience I  shall  call  this  part  the  "journal"  of  anchor.  In  the  centre  of 
the  journal  is  firmly  fixed  the  double  sector  or  pair  of  counter-flukes,  d  d 
one  of  which  taking  the  ground  causes  the  main  palms  to  take,  the  other,> 
or  upper  counter-fluke,  at  the  same  time  coming  down  upon  the  shank  of 
the  anchor,  and  thus  limiting  the  motion  of  oscillation  of  the  main  palms, 
c  c  is  the  stock  which  is  made  of  a  segmental  or  curved  form,  in  order  to 
reduce  the  danger  of  fouling  to  a  minimum. 

In  this  arrangement  the  "journal"  presents  great  advantages  over  the 
pin  in  the  last,  being  much  stronger,  and  obviating  the  necessity  for 
cranking  the  part  between  the  palms  or  flukes,  also  by  using  the  double 
sector,  d,  only  two  instead  of  four  counter-flukes  are  required,  and  they 
cannot  foul,  as  the  one  exposed  must  be  in  contact  with  the  shank  of 
the  anchor.  The  round  shoulders  also,  f  f,  are  preferable  to  the  square, 
both  for  strength  and  clearing  any  cable.  Care  is  required  to  be  paid  to 
the  manufacture  of  the  "sector,"  as  it  is  upon  that  the  greater  portion 
of  the  strain  is  brought  to  bear,  but  no  difficulty  has  arisen  in  this 
matter. 

It  may  be  mentioned  that  ships  moored  to  these  anchors  have  ridden 
safely  through  storms,  where  others,  not  so  fitted,  have  been  speedily  driven 
from  their  anchorage. 

In  concluding  these  remarks,  I  would  notice  that  it  may  appear  to 
some  that  the  question  of  the  qualifications  of  anchors  comes  properly 
within  the  province  of  those  following  the  nautical  profession,  and,  un- 
doubtedly, they  alone  can  determine  by  experience  which  anchor  is  really 
the  best,  of  course  presuming  that  the  matter  is  investigated  in  a  fair, 
impartial  manner ;  but  some  of  these  experiments  may  prove  somewhat 
dangerous  where  anchors  may  be  under  trial  which  prove  unequal  to  their 
work.  On  the  other  hand,  wherever  a  question  is  raised  involving  different 
modes  of  construction,  or  mechanical  arrangements  and  the  strength  of 
parts,  the  engineer  is  tho  proper  authority,  and  can  speak  ex  cathedra, 
and  in  this  spirit  I  have  written  the  present  paper. 


EAILWAY  ECONOMY. 

In  commencing  this  article  it  is  proper  to  say  that  it  has  been  sug- 
gested by  the  perusal  of  Mr.  Imray's  pamphlet  on  "  British  Railways  as 
they  are  and  as  they  might  be,"  of  which  a  brief  notice  will  be  found 
amongst  our  "  Reviews  and  Notices  of  New  Books." 

The  incidents  of  the  past  few  months — or,  we  might  say,  of  the  past 
few  years — have  drawn  public  attention  very  pointedly  to  the  management 
and  mismanagement  of  the  railways  of  the  United  Kingdom,  and  at  the 
present  time  a  most  decided  general  interest  is  felt  in  the  subject  and 
manifested  in  ways  which  show  beyond  a  doubt  that  the  travelling  public 
have  determined  to  rescue  themselves,  or  rather  their  pockets,  from  the 
tyranny  exercised  for  some  time  past  over  them  by  railway  boards  and 
financiers.  This  has  been  evidenced  by  the  resolute  resistance  which  has 
been  offered  to  the  raising  of  the  feres  on  certain  of  the  metropolitan  and 
suburban  lines  of  railway,  which  has  shown  itself  in  the  promotion  of 
street  tramways,  and  in  the  running  of  special  omnibuses,  &c.  Certain  of 
the  boards  of  directors  for  some  time  past  seem  to  have  acted  in  a  very 
culpable  manner,  forgetting  apparently  the  gravity  of  the  interests  with 
which  they  have  been  entrusted,  and  the  spirit  in  which  a  Railway  Act  is 
passed  by  Parliament,  which  aims  at  the  good  of  society  at  large,  and  only 
advisedly  sacrifices  for  a  time  the  convenience  of  a  very  small  portion  of 
the  community  for  the  benefit  of  the  great  mass,  when  it  is  necessary  to 
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cause  any  inconvenience,  which,  however,  is  not  the  case  in  the  majority  of 
instances. 

Hence  the  Boards  of  Directors  have  two  apparently  distinct  interests 
to  protect — those  of  the  shareholders  and  those  of  the  public  at  large,  or 
of  such  portion  of  that  body  as  consists  of  habitual  travellers.  Although 
it  may  not  at  first  sight  appear  self-evident,  yet  it  is  a  fact  that  the  course 
of  procedure  most  beneficial  to  the  interests  of  the  shareholders  is  also  that 
which  is  best  suited  to  the  convenience  of  the  travelling  public;  hence,  in 
oppressing  the  latter,  the  railway  officials  have  materially  injured  their 
own  constituencies,  simply  by  pursuing  a  plan  which  could  result  in  nothing 
but  failure  ultimately. 

This  plan  has  consisted  in  lavishing  the  funds  of  contiguous  lines  in 
maintaining  an  internecine  competition  of  such  magnitude  as  to  shake  the 
most  prosperous  companies ;  in  ruinous  parliamentary  expenses,  incurred 
in  the  support  of  certain  acts  applied  for  and  in  opposing  others  ;  and, 
lastly,  in  raising  the  fares  so  as  to  discourage  travellers  from  using  the 
railways.  We  need  search  for  no  more  striking  instance  of  the  futility  of  such 
irrational  competition  than  that  which  was  shown  in  the  conduct  of  the  Lon- 
don Chatham  and  Dover  Railway  and  the  South  Eastern  Railway,  between 
which  the  contest  was  maintained  until  the  former  could  not  escape  ruin, 
and  the  latter  was  proportionately  damaged,  when  an  amalgamation  was 
arranged  between  the  two  companies  as  regarded  the  fares  to  stations  in 
towns  through  which  both  lines  pass.  Had  this  arrangement  been  made 
at  the  beginning,  the  shareholders  would  have  been  benefitted  considerably, 
and  we  do  not  see  that  the  public  generally  would  have  lost,  at  all  events 
not  permanently. 

Not  only  is  the  raising  of  the  railway  fares  objectionable  per  se  as  re- 
quiring an  increased  outlay  on  the  part  of  the  travellers,  but  it  also  gives 
rise  to  a  feeling  of  distrust,  for,  by  taking  such  a  step,  the  railway  com- 
panies have  been  morally  guilty  of  a  breach  of  faith  towards  the  poorer 
class  of  society,  as  may  be  thus  briefly  shown. 

A  few  years  back  amongst  other  advantages  proposed  to  be  derived  from 
the  establishment  of  local  lines,  much  was  said  about  the  benefit  that 
would  accrue  to  the  working  classes,  from  the  carriage  to  and  fro  being  so 
cheap,  that  those  working  in  large  and  close  cities  like  London,  would  be 
able  to  reside  a  little  way  out  in  the  country,  and  come  up  daily  to  their 
work,  and  moreover,  the  fares  by  railway  were  supposed  to  be  met  by  the 
low  rate  of  house  rents  in  certain  suburban  districts.  Under  these 
circumstances  there  would  not  be  much  opposition  to  the  removal  of 
premises  occupied  by  certain  of  the  working  classes,  as  the  tenants 
imagined  that  they  would  ultimately  be  enabled  by  the  arrangement  to 
live  in  more  healthy  localities  without  incurring  any  considerable  increase 
of  expenses.  This  however  was  not  to  be,  for  no  sooner  do  the  railways 
get  established  and  those  living  in  the  suburbs  settled  comfortably  down 
than,  first  because  of  the  convenience  afforded  by  the  train  for  easy  access 
to  London,  the  liMine  rents  rise,  and  next  the  railway  companies  having 
settled  their  mutual  disagreements,  combine  to  raise  their  fares!  Thus 
perhaps  the  rate  for  travelling  is  raised  above  the  means  of  the  workman, 
and  he  u  pi  iced  beyond  such  a  distance  as  he  might  walk.  Hence  he  must 
again  seek  a  home  in  the  close  neighbourhood  ho  had  been  tempted  to 
(|uit,  or  trust,  himself  within  the  domain  of  some  less  exorbitant  line  of 
railway. 

Mr.  Imray  advocates  the  adoption  of  a  system  of  cheap  and  uniform 
fares,  and  argues  very  reasonably  that  increased  dividends  would  result 
from  such  an  arrangement.  He  prop  jes  thai  all  tickets  should  be  issued 
by  Government,  and  suggests  the  use  of  tickets  each  of  which  shall  entitle 
the  owner  to  travel  a  given  number  of  miles,  (say  25,)  on  any  part  of  any 
railway  in  the  United  Kingdom,  the  prices  of  the  tickets  being:  — 

1st.  2nd.  3rd. 

Square  tickets  for  25  miles  and  under    Is.    Gd.    8<L 

Oblong     ,,  over  'J.')   miles      lu's.     Hs.      4s. 

Luggage  tickel  i  1 1,  each. 

Under  these  rate,  anyone  might  of  course  travel,  for  instance,  forty-eight 
miles  by  mesne  of  <  rra  square  tickets,  and  bo  on  for  longer  distances. 

The  tic!  *ed  to  be  issued  and  sold  by  government,  their 

>,  less  duty,  being  repaid  to  the  companies   presenting  them  at  the 
[aland  Revenue  Office,    Such  a  jeystem  would  be  exceedingly  simple 
convenient  for  travellers,  and  would  save  much  delay    in    taking  tickets  at 
railway  stations,  besides  affording  a  cheek  against  fraud  on  the  part  of  the 
railway  servants. 

From  the  figures  given  by  Mr.  Imray  it  would  appear  that  on  the  adop 
Hon  of  his  suggestions  there  would  ensue  an  Increase  of  about  62,000,000 
per  annum  in  passenger  fares  or  about  i  i  per  cent,  on  the  present  returns. 

Probably,  however,  the  most  satisfactory  course  that  could  be  pursued 
would  consist  In  transferring  the  management  of  railways  I  iment 

board;   the  firs',   point  then   to  he   considered  would   be   the  mode  ot '  com- 
pensating the  railway  proprietors.     Mr,    Imray  suggests  that  the  pro- 
perties should  be  valued  by  the  profit  they  are  actiully  paying,  wbethl 
dividends^interesl  on  mortgages,  debentures,  or  otherwise,  and  that  ever] 
one  receiving  dividends  or  interest  from  railway  property  such  an  amount 


of  3  per  cent,  government  stock  as  would  produce  an  annual  equivalent  to 
what  he  now  receives.  Thus  nominally  the  National  Debt  would  be  in- 
creased by  some  1,500  millions  sterling,  and  the  national  expenditure  by 
about  20  millious.  For  the  additional  debt,  however,  there  would  be  the 
security  of  the  kingdom,  and  to  meet  the  increased  expenditure  there  would 
be  the  annual  railway  receipts,  which  without  doubt  would  be  greatly  in- 
creased by  the  improved  system  of  management. 

Considerable  economy  would  also  ensue  from  the  centralisation  of  the 
ruling  authorities,  for  the  whole  system  could  be  managed  by  one  govern- 
ment board,  whereas  at  the  present  time  there  are  nearly  500  railway 
boards  in  the  United  Kingdom.  Again,  all  the  rolling  stock  becoming 
one  property,  each  line  would  not,  as  now,  require  always  to  have  sufficient 
stock  to  meet  the  greatest  emergencies,  as  at  times  a  portion  of  the  Northern 
stock  might  be  used  on  the  southern  sections  of  the  general  system,  and 
vice  versa. 

Although  Mr.  Imray 's  propositions  require  much  consideration  to  ma- 
ture them  into  a  thoroughly  workable  form,  we  think  that  they  possess 
great  merit,  and  point  out  the  direction  which  should  be  followed  in  under- 
taking the  amelioration  of  our  vast  railway  system.  That  some  decisive 
measure  must  ere  long  be  adopted  is  beyond  a  doubt;  for  the  present  state 
of  affairs — directors  blamed,  shareholders  dissatisfied,  and  the  public  dis- 
gusted— cannot  last  long,  and  we  shall  certainly  welcome  the  first  move- 
ment which  may  hold  out  hopes  of  future  improvement. 

OUR  SHIPS  OF  WAR. 

In  his  speech  in  moving  the  first  of  the  Navy  Estimates,  on  the  8th  ult., 
Mi\  Childers  made  a  very  interesting  statement  with  regard  to  our  naval 
strength.  He  said: — First  as  to  ironclads  not  yet  completed.  At 
Woolwich,  the  Repulse,  launched,  hut  which  will  not  be  read)'  for  sen  till 
July;  at  Chatham,  the  Monarch,  which  will  be  ready  for  sea  in  May,  and 
the  Sultan  and  the  Station,  which  will  be  three-fourths  complete  at  the 
end  of  the  financial  year,  and  ready  for  sea  about  July,  1870  ;  at  Pembroke, 
the  Iron  Duke,  which  will  be  launched  in  winter,  and  will  be  completed  in 
May,  1870.  The  ships  building  by  contract  are  :  in  the  yard  of  Laird 
Brothers,  the  Captain,  turret,  which  ought  to  be  ready  in  April,  but  will 
not,  I  fear,  be  ready  till  July;  in  Napier's  yard,  the  Audacious,  which 
ought  to  be  ready  in  July,  and  the  Invincible,  which  ought  to  be  ready  in 
October ;  in  the  yard  of  Laird  Brothers,  the  Vanguard,  which  ought  to  be 
ready  in  October  ;  in  Palmer's  yard,  the  Swift>v.re  and  the  Triumph,  both 
of  which  will  be  half  finished  this  financial  year;  and  in  Napier's  yard, 
the  Hotspur,  which  will  be  all  but  finished  this  year.  The  unarmoured 
ships  are  these : — At  Woolwich,  the  Thalia,  corvette  troopship,  which  will 
leave  Woolwich  in  September  to  be  fitted  at  Shcern«ss  ;  the  Druid,  corvette, 
which  will  be  ready  in  July,  and  the  Spartan,  corvette,  which  will  he 
ready  in  April.  At  Sheerncss  we  have  the  Briton,  corvette  ;  at  Portsmouth, 
the  Dido,  corvette  ;  and  at  Devonport,  the  Tenedos,  corvette, — all  of  which 
will  be  completed  in  the  course  of  the  present  financial  year.  At  Pem- 
broke we  have  the  Inconstant,  frigate,  which  will  be  completed  in  May 
next.  In  addition  to  these  ships  we  have  two  small  gun  vessels,  which 
will  be  ready  in  a  short  period.  We  have  building  by  contract  only  two 
large  corvettes,  the  Active  and  the  Volage,  which  are  being  built  by  the 
Thames  Company,  and  which  will  be  ready  for  sea  in  June  or  July.  The 
result  will  be  that  at  the  end  of  the  financial  yen-  1869-70  the  only 
unfinished  ships  will  he,  at  Chatham,  the  Sultan  and  the  O/n/'on,  which 
will  require- three  months  to  complete  ;  and  a!  Pembroke,  the  Iron  Duke, 
which  will  require  one  month  to  complete.  The  ships  building  bj  contract 
— namely,  the  Triumph  and  the  Swiftsure — will  require  l/nio  months,  and 
the  Hotspur  one  month  to  complete.  There  « ill  tie  no  unarmoured  ships 
in    hand     at     the     end     of    the     financial     year,      except     n     small 

I  at  Chatham.    I  will  now  proceed  to  give  them  the  partioul  in  of  the 

new  ships    we  are  about  to  lay  down  in  the  dockyards.     The 

of  which  I  am  speaking  will  be  turret  ships,  each  of  4,400  tons  i  idol 

nominal    horses'  power,  but   really  of  6,600  horses'   power.      They  will 

double  ser.-ws and  four  engines,  and  t heir  speed  will  be  1  -'  knots  per  hour. 
Their  construction  will  enable  thi  ntocarrj  1760  ■ ;  ity 

sufficient  to  last  for  12  days'  consump  of  in  knots.     Wiey 

will   carry  four   26-ton    Kims,    while    their   freeboard  will  be   If'.   6*10, 

ol  the  turrets  will  be  protected  by  i  raised  lire:  brm, 

7ft.  high.    Their  srmour  will  consist  of  plates  L2in.  and  LOio.thii 

sides  and    bl  .  and  of    I  Mil.  On    the    tunc!-;,  while  thl    ■  will 

m   L2in.  to  20ln.    thick,  having  an  inner  skin  of  armoui  '   In.  to 
I  [in.  behind.    Their  deck  armour  will  consist  of  2in.  and   2|in.   \ 
They  will  have  no  malts,  and  therefore  their  t arrets  will hai  md 

lire.       Their  0T6WI  will  Consist  of  260  men  and  officers,  and  tllO  OOlt  Of  each 

will  he  £286,000,  including  their  engines.    Their  draught  will  be  between 
26ft.  and  28ft.,  I  believe.     We  propose  to  build,  thirdly,  at    Port 
turret    ram,  ■  sort  of  improved    Hotspur.    The  difference  between  the 
proposed  vessel  and  the  Hot  pur  will  be  th.it  the  for r  will  i»-  somewhat 

.  will  have  thicker   armour,    and    will"  ft 

Thcne-,,  vessel  will  be  n  burthen,  of  700 hoi 
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power,  working  up  to  4200,  of  a  speed  of  12  knots,  and  will  carry  350  tons 
of  coal,  sufficient  for  three  and  a  half  days'  steaming  at  10  knots  per  hour. 
It  will  carry  two  18-ton  guns  in  one  turret,  its  freeboard  will  be  1ft.  6in., 
and  it  will  have  a  7ft.  breastwork  round  its  turret.  Its  armour  plates  will 
be  of  the  following  thickness  :— 9in.  and  llin.  on  sides,  12in.  on  breastwork, 
12in.  and  14in.  on  turret,  and  2in.  on  deck.  It  will  carry  a  straight  fore 
and  aft  rig  without  shrouds  and  its  cost  will  be  £195,000,  including  the 
engines.  The  only  other  ship  we  propose  to  build  in  the  dockyards  will  be 
one  or  two  small  vessels,  like  the  Staunch,  either  at  Portsmouth  or  at 
Devonport.  We  shall  have  altogether  36  broadside  vessels,  carrying  555 
guns,  and  these  vessels  I  have  classed  in  a  way  that  I  think  will  be 
intelligible  to  the  House. 

The  first  class  includes  two  vessels,  the  Hercules  and  the  Sultan,  pro- 
tected by  6in.  to  14in.  armour,  of  a  speed  of  14-i-  knots  per  hour,  and  carry- 
ing 18-ton  lOin.  guns  and  under,  their  engines  being  nominally  of  1,000 
h.p.  Class  2  consists  of  six  vessels — namely,  the  Audacious,  the  Invincible, 
the  Vanguard,  the  Iron  Duke,  the  Swiftsure,  and  the  Triumph.  These 
vessels  are  protected  by  8in.  to  16in.  armour,  possess  a  speed  of  13J  knots 
per  hour,  and  carry  12ton  9in.  guns  and  under.  Class  3  consists  of  nine 
vessels — namely,  the  Bellerophon,  the  Lord  Warden,  the  Lord  Clyde,  the 
Minotaur,  the  Agincourt,  the  Northumberland,  the  Royal  Alfred,  the 
Repulse,  and  the  Penelope.  These  vessels  are  protected  by  5^in.  to  6in. 
armour,  possess  a  speed  of  13  to  14  knots  per  hoar,  and  carry  12  ton  guns 
and  under.  Class  4  contains  eight  vessels — namely,  the  Achilles,  the 
Royal  Oak,  the  Prince  Consort,  the  Caledonia,  the  Ocean,  the  Valiant, 
the  Hector  (the  two  last  badly  protected),  and  the  Zealous.  These 
vessel  are  protected  by  4|in.  armour,  have  a  speed  of  12£  knots  per  hour, 
carry  9ton  8in.  guns  and  under,  while  their  engines  arc  of  1,000  h.p. 
nominal.  Class  5  consists  of  four  vessels — namely,  the  Warrior,  the  Black 
Prince,  the  Defence,  and  the  Resistance  (the  two  latter  being  badly  pro- 
tected). These  vessels  are  protected  by  4£in  armour,  have  a  speed  of  12 
to  13  knots  per  hour,  and  carrying  9  ton  guns  and  under.  Class  6  consists 
of  two  vessels,  namely,  the  Pallas  and  the  Favourite,  protected  by  4£in. 
armour,  having  a  speed  of  12  to  13  knots  per  hour,  and  carrying  9  ton 
guns  and  under.  Class  7  consists  of  two  sloops — namely,  the  Enterprise, 
and  the  Research,  protected  by  4|in.  armour,  having  a  speed  of  9§  knots 
per  hour,  and  carrying  6^  ton  guns,  and  three  gunboats — namely,  the 
Viper,  the  Vixen,  and  the  Waterwitch,  protected  by  4j-in.  armour,  having 
a  speed  of  9i-  knots  per  hour,  and  carrying  6k  ton  guns.  We  shall  possess 
11  turret  and  special  vessels,  carrying  two  guns,  which  are  classed  as 
follows:— Class  1  a  new  design,  protected  by  lOin.  to  14in.  armour,  having 
a  speed  of  12J  knots  per  hour,  and  carrying  25ton  12in.  600  pounders. 
Class  2  will  consist  of  the  Monarch  and  the  Captain,  protected  by  7in.  to 
8in.  armour,  having  a  speed  of  14  knots  per  hour,  and  carrying  25ton  guns. 
Class  3  will  consist  of  the  Olatton,  protected  by  lOin-  to  12in.  armour, 
having  a  speed  of  9\  knots  per  hour,  and  carrying  25ton  guns.  Class  4 
will  consist  of  the  Hotspur,  protected  by  lOin.  to  14in.  armour,  and  the 
second  Hotspur,  protected  by  8in.  to  12in.  armour,  both  possessing  a  speed 
of  12  knots  per  hour,  and  earring  18  or  25  guns.  Class  5  will  consist  of 
the  Royal  Sovereign  and  tha  Prince  Albert,  protected  by  4|in.  to  5|in. 
armour,  having  a  speed  of  12  knots,  and  carrying  12  ton  guns.  Class  6 
will  consist  of  the  Scorpion  aad  the  Wyvern,  protected  by  4jjin.  armour, 
possessing  a  speed  of  10  knots  per  hour,  and  carrying  12ton  guns.  The 
grand  total  of  these  figures  wrill  give  us  47  armoured  ships,  carrying  598 
guns,  of  which  18  are  25tons,  9  are  18tons,  and  111  are  12tons.  Our  un- 
armoured  fleet  may  be  described  in  general  terms  thus  : — We  have  at  the 
present  time  available  for  service  about  13  old  line-of-battle  ships  and 
heavy  frigates,  including  the  Galatea  and  the  Ariadne.  In  addition  to 
these  vessels  we  have  the  Inconstant,  heavy  frigate,  having  a  speed  of  15 
knots  per  hour,  and  carrying  121-tou  guns ;  the  Active  and  the  Volage, 
large  corvettes,  having  a  speed  of  15  knots  per  hour,  and  carrying  6Jton 
guns  ;  12  Blanche  class  corvettes,  having  a  speed  of  13  knots  per  hour,  and 
carrying  6itori  guns ;  two  of  the  Druid  class,  having  the  same  3peed  and 
armament ;  12  gun  vessels  of  the  new  type,  having  a  speed  of  11  knots  per 
per  hour,  and  carrying  6-2-ton  guns  ;  and  17  composite  gunboats,  having  a 
speed  of  10  knots  per  hour,  and  carrying  6|  ton  guns ;  besides  others  of  the 
old  type,  including  eight  heavy  corvettes.  The  total  of  our  unarmoured 
fleet,  therefore,  will  be  66  vessels,  besides  a  number  of  old  sloops  and  gur.- 
boats.  It  must  not  be  forgotten  that  the  maritime  defensive  and  offensive 
power  of  England  will  consist  in  the  future,  not  only  of  ships  and  guns,  but 
also  of  torpedoes,  of  the  importance  of  which  the  naval  authorities  of  this 
country  are  fully  alive.  It  is  not  an  easy  thing  to  make  an  accurate  com- 
pai'ison  between  the  strength  of  the  navy  of  this  country  as  it  will  be  at 
the  end  of  the  next  financial  year  and  that  of  any  other  maritime  power. 
But  I  may  say  that,  in  comparison  with  our  47  armoured  ships,  France  will 
have  37,  besides  11  floating  batteries  for  harbour  use.  She,  however,  has 
no  vessels  that  can  compare  with  our  first  or  second  class  broadside  or 
turret  ships,  although  she  is  strong  in  the  third  class.  Her  old  unarmoured 
class  is  in  better  condition  than  ours,  but  she  has  only  two  or  three  of  new 
type  to  compare  with  ours 
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ON  THE  APPLICATION  OP  STEAM  TO  THE  CULTIVATION  OP 

THE  SOIL. 

By  Baldwin  Latham. 

{Concluded  from  page  65). 

4th  Class. — Locomotive  Engines  moving  along  the  Headlands  or 
othee  part  of  a  fleld,  and  drawing  implements  by  the  agency  of 
Wire  Ropes. 

The  method  of  cultivating  the  soil  by  means  of  locomotive  engines 
moving  along  the  headlands  is  probably  the  earliest  system  of  steam 
cultivation  that  was  attended  with  any  great  success  ;  and  there  can  be  no 
doubt  but  that,  if  the  early  productions  of  the  machines  of  this  class  were 
only  improved  in  the  accessories  to  the  system,  or  in  the  construction  of  the 
hauling  appliances,  these  early  inventions  would  have  answered  all  the 
requirements  of  the  more  modern  system.  But  in  1810,  when  Major  Pratt 
first  introduced  this  system,  the  country  was  not  ripe  for  such  an  inno- 
vation as  steam  ploughing,  and  therefore  to  this  fact  may  be  due  the  very 
small  success  that  attended  the  efforts  of  this  inventor.  One  portion  of 
Pratt's  invention  has  been  already  described.  The  mode  in  which  he 
carried  out  this  portion  of  his  invention  is  shown,  and  consisted  in  the 
employment  of  "  three  four-wheeled  carriages,  which  travel  along  the  field 
parallel  to  each  other,  with  two  endless  chains  extended  between  them, 
and  passing  around  a  single  horizontal  chain  wheel  on  the  outer  carriage, 
and  around  a  double  chain  wheel,  driven  by  mechanical  power,  on  the 
centre  carriage.  Ridge  ploughs  being  attached  to  the  chains,  two  ridges 
will  be  ploughed  at  the  same  time  between  the  centre  carriage  and  each 
outer  carriage."  The  invention  also  included  a  mode  of  ploughing  land 
when  such  land  was  intersected  by  cuts  of  water,  which  consisted  in 
placing  the  carriage  before  mentioned  on  broad  barges,  so  that  the  land 
could  he  cultivated  up  to  the  water's  edge.  The  only  drawback  to  the 
successful  working  of  this  invention  was  found  in  the  chains,  which  were 
coutinually  breaking.  This  apparatus  of  Pratt's,  if  fitted  with  a  steel  wire 
rope  for  hauling,  would  perfectly  comply  with  all  the  requirements  of 
modern  culture. 

In  1832,  John  Heathcoat  obtained  letters  patent  for  his  system  and 
appliances  for  steam  culture.  His  locomotive  engine  used  has  been  already 
described  under  the  head  of  traction  engines.  The  machine  already 
described  was  fitted  with  an  endless  floor  made  of  strong  sail-cloth  and  was 
adapted  for  the  cultivation  of  boggy  and  swampy  land.  One  portion  ot 
the  invention  had  reference  to  mounting  the  locomotive  on  propar  wheels 
when  it  was  intended  to  be  used  on  land  sufficiently  stable  to  support  its 
weight.  The  general  principle  of  the  invention  was  similar  to  that  of 
Major  Pratt  already  described,  and  consisted  in  "  employing  auxiliary 
carriages,  placed  on  each  side  of  the  principal  carriage,  at  a  distance  from 
it,  and  parallel  thereto.  By  means  of  ropes,  bands,  or  chains,  issuing  from 
and  actuated  by  the  machinery  of  the  principal  carriage,  and  passing 
around  a  wheel,  pulley,  or  barrel  on  the  auxiliary  carriages,"  the  ploughs 
or  other  implements  are  drawn  to  and  fro  between  the  principal  and 
auxiliary  carriages.  As  the  principal  carriage  travels  along  the  field,  the 
auxiliary  carriages  are  caused  to  move  at  a  corresponding  rate."  It 
appears,  from  the  Paper  on  Steam  Cultivation  by  Mr.  James  Howard,  M.P., 
that  Mr.  Heathcoat  spent  no  less  than  12,000Z.  in  developing  his  scheme, 
and  that  he  was  assisted  in  the  prosecution  of  his  invention  by  Mr.  Joseph 
Parkes ;  and  that  one  of  his  locomotive  engines  was  completed  and  tried  on 
1st  April,  1834,  on  which  day,  at  the  risk  of  its  proving  an  April  fool 
exploit,  he  drove  it  over  a  mile  and  a  half  of  undrained  bog.  There  can  be 
little  donbt  that,  had  this  invention  been  employed  for  the  cultivation  of 
high  land,  instead  of  for  the  purpose  of  dealing  with  those  intractable 
extents  of  peat  and  bogs,  great  results  must  have  accrued  from  the  appli- 
cation, and  the  invention  must  have  fully  answered  the  purpose  for  which 
it  was  intended. 

In  1839,  Alexander  M'Rae  procured  a  patent  for  "  machines  for  culti- 
vating land  by  steam  power,  especially  applicable  to  British  Guiana,  where 
the  cultivated  land  is  flat,  or  nearly  so,  and  the  fields  are  separated  by 
navigable  canals,  which  run  parallel  to  each  other,  at  a  distance  of  from 
240  ft.  to  360  ft.  apart."  Prom  this  mode  of  working  it  will  ba  seen  that 
the  invention  is  identical  with  the  patented  invention  of  Pratt  in  1810, 
and  differs  but  little  in  the  mode  of  working  from  the  appliances  in  use  at 
the  present  day  ;  for  we  see  in  this  invention  a  rope  or  chain  attached  to 
the  plough  carriage  is  passed  twice  or  oftener  round  the  winding  drum  of 
the  hauling  engine,  "  it  is  thence  led  across  the  field  (over  several 
supporting  rollers  on  the  under  part  of  the  carriage  "  corresponding  to  the 
use  of  the  modern  rope  porters),  to  a  pulley  on  the  anchor ;  and  from 
thence  it  is  led  back  and  attached  to  the  plough  carriage ;  so  that  in  this 
invention,  which  is  by  no  means  original,  we  have  every  feature  of  the 
modern  plan  of  cultivating  the  soil  where  but  one  locomotive  engine 
is  used. 
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In  1846,  T.  J.  Osborn  introduced  his  plan  of  cultivating  the  soil  through 
the  medium  of  locomotive  engines  travelling  on  rails,  and  working  the 
implements  by  ropes,  which  plan  has  already  been  described ;  but,  as  one 
portion  of  bis  invention  is  identical  with  those  of  Pratt  and  M'Rae,  it  is 
here  mentioned.  It  has  reference  to  cases  in  which  the  fields  are  bounded 
by  navigable  canals,  when  the  engines  were  placed  on  boats  or  barges.  In 
October,  1852,  the  late  John  Fowler  procured  his  first  patent  for  machinery 
that  was  self-propelling,  which  was  intended  to  be  used  for  the  purpose  of 
working  drain  ploughs.  The  engine  was  employed  either  to  give  motion 
to  a  drum  to  wind  on  a  wire  rope,  and  thus  to  move  itself  up  to  an  anchor 
or  fixed  point  on  the  land;  or,  in  some  cases,  the  inventor  preferred  to 
make  his  engine  locomotive  by  "  convenient  gearing  worked  by  the  engine, 
so  that  the  bite  of  such  wheels  upon  the  land  shall  act  to  drive  the  engine 
in  the  requisite  direction." 

In  January,  1856,  John  Fowler  procured  a  fuither  patent  for  "  improve- 
ments in  machinery  for  ploughing  land,"  which  improvements  are  stated 
by  the  author  of  the  invention  to  consist  of  combining  an  engine  and 
hauling  apparatus  on  the  same  frame  in  such  a  manner  that  the  plough 
*'  is  moved  by  a  wire  rope,"  while  a  second  wire  rope  is  used  for  moving 
"  the  engine  and  capstan  from  point  to  point  along  the  headland."  Im- 
proved anchors  were  employed  in  resisting  "  the  movement  of  the  engine, 
capstan  or  barrel,  and  pulleys"  when  working  the  ploughs,  or  the  pulleys 
were  so  arranged  that,  instead  of  being  anchored,  they  were  made  to 
"  traverse  along  a  rope  fixed  or  anchored  at  each  end." 

In  July  of  ths  same  year  John  Fowler  &  Co.  took  out  another  patent  for 
"  improvements  in  machinery  for  ploughing  and  tilling  land  by  steam." 
These  improvements  consisted  in  "giving  motion  to  a  plough  or  other 
tilling  instrument  by  means  of  an  engine  on  a  carriage  with  two  winding 
drums,  mounted  each  on  a  vertical  axis,  such  engine  traversing  on  the 
headland  as  the  work  progresses  so  as  to  draw  the  plough,  and  working  a 
plough  or  tilling  instrument  in  both  directions.,'  By  this  arrangement 
the  engine  is  employed  to  work  the  two  drums,  "  so  that  whilst  one  is  being 
driven  by  the  engine  the  other  is  running  free  and  unwinding  its  rope." 
Another  portion  of  this  invention  had  reference  to  the  means  of  propelling 
"  a  plough  or  other  tilling  instrument  by  means  of  two  engines,  each  on  a 
carriage  with  a  single  winding  drum,  mounted  on  a  vertical  axis;  such 
engines  traversing  on  the  opposite  headlands,  and  each  working  so  as  to 
draw  a  plongh  <  r  other  tilling  instrument  towards  itself."  A  further  por- 
tion of  this  invention  had  reference  to  the  construction  of  an  anchor 
"carriage  with  disc  wheels,  which  on  being  dragged  along  cut  into  the 
land,  and  the  tackle  (for  drawing  the  ploughs),  being  fixed  to  the  side  of 
the  carriage,  is  resisted  by  the  wheels  so  sunk  into  the  land."  This  patent 
also  contains  the  necessary  provision  for  applying  the  anchor  in  cases  in 
which  a  fixed  engine  may  be  used  to  give  motion  to  the  ploughs. 

In  December,  1857,  Messrs.  Fowler  procured  a  patent  for  so  arranging 
the  machinery,  when  two  upright  drums  are  used,  that  they  may  be 
"geared  together,"  though  this  is  "not  essential,"  "as  one  of  the  barrels 
or  drums  may  run  freely."  These  drums  or  barrels  work  one  or  more 
drums  or  pulleys,  fixed  or  anchored  at  a  distance.  The  endless  rope  of 
wire  or  drawing  tackle  takes  one  or  more  turns  around  both  the  two  up- 
right drama  or  barrels  and  around  the  pulley  or  drum  at  a  distance;  and, 
in  addition  to  dragging  the  plough,  this  invention  embraces  the  mode  of 
attaching  a  "  harrow  or  other  implement "  to  the  plough  in  such  a  way  as 
to  act  on  the  portion  of  the  land  ploughed  or  tilled  in  the  previous  passage 
of  the  implement  over  the  land. 

In  April,  1858,  John  Fowler  procured  letters  patent  for  his  twin  system 
of  cultivation.  The  mode  of  working  consists  in  applying  two  steam 
engines  to  haul  ploughs  and  other  agricultural  implements  in  such  a 
manner  that  the  power  of  the  two  engines  is  applied  at  the  same  time  to 
give  notion  to  the  implement*.  For  this  purpose  two  engines,  each  fur- 
nished with  a  pair  of  grooved  drums,  one  or  both  driven  by  the  engine, 
art'  placed  opposite  to  each  Other,  one  on  each  headland,  and  an  endless 
passes  from  one  engine  to  the  other  and  takes  two  or  three  turns  round  the 
drums  of  each  engine.  The  implement  is  attached  to  the  rope,  and  is 
hauled  by  means  of  it  backward!  and  forwards  over  the  land  between  the 
two  engines  according  aetbeyare  working  to  wind  therope  In  one  or  other 
direction.  The  engine!  traverse  along  the  headlands  as  the  work  pro- 
gresses, and  the  length  of  the  endless  rope  is  adjusted  according  to  the 
distance  between  the  engines  by  winding  op,  or  taking  Dp,  a  greal  ror  less 
length  by  means  of  the  alack  gear  on  the  implement.    The  of  this 

invention  claims  for  it  the  advantage*  derivable  IVom  using  "engines  of 
half  the  power  of  those  which  it,  is  necessary  to  employ  when  the  imple- 
ment is  hauled  in  both  directioi  -  by  means  of  one  engine,  or  when 
drawn  by  two  engines  on  opposite  headlands,  working  alternately;  "  which 
advantage  he  rontidered  lay  in  the  (art  that,  when  the  engines  were 
required  for  plooghing,  the  smaller  engines  wonld  !»■  more  useful  for  other 
farm  purposes.  On  the  report  on  steam  cultivation  iii  the  I-'  rjal  Agricul- 
tural Society's  Journal  for  lsi>7.  we  find  ii  recorded  thai  this  twin  engine 
system  w«s  adopted  by  Lord  Vere  in  on  hi  I    w  I  Idrii 

peth,  Northumberland,  the  engines  in  this  case  being  fitted  with  • 


instead  of  the  drums  already  mentioned ;  but  this  plan  of  working  was 
abandoned  after  a  short  period  of  work,  as  it  was  found  that  the  two 
engines  did  not  work  amicably  together.  Mr.  Clarke,  in  the  report  referred 
to,  when  speaking  of  this  system  and  the  results  of  its  application  on  Lord 
Vernon's  estate,  says  that  "  so  much  clock-work  nicety  is  required  that 
men  could  not  work  it,"  for  "it  was  found  that  properly  both  engines  (tied 
by  a  rope  like  Siamese  twins)  ought  to  start  and  stop  exactly  together,  and 
this  could  not  be  obtained  without  electric  communication  between  the  two 
drivers,  or  rather  (it  would  seem)  between  the  reversing  levers  on  the  two 
engines.  Another  fault  as  compared  with  the  "double,"  or  winding 
apparatus  was  that  more  time  was  required  for  removal.  Then  the  engines 
were  considered  too  light  to  stand  the  great  sideway  strain,  for  on  each 
alternate  journey  of  the  implement,  No.  1  engine  had  to  act  as  the 
anchorage  of  No.  2  engine,  while  at  the  same  time  No.  1  engine  was  pulling 
the  plough  with  all  its  force.  The  fore  wheels  of  the  engines  were  shod 
with  cutting-blade  rims,  which  entered  the  soil  like  the  discs  of  a  travelling 
anchor;  but,  nevertheless,  an  unfortunate  circumstance  occurred:  owing 
to  the  great  sideway  strain  and  the  want  of  weight  in  an  engine  of  this 
size  (8-horse  power)  one  engine  broke  the  pin  of  its  fore-carriage  axletree, 
the  fore  end  of  the  boiler  tumbling  over  one  of  the  wheels  on  to  the 
ground.  However,  an  hour  and  three-quarters  sufficed  t3  place  it  on  its 
wheels  again  "  without  further  injury  ; "  and  he  adds  that,  "  we  must  not 
be  understood  as  condemning  the  '  twin  engine  '  principle  altogether,  be- 
cause it  is  possible  that  improved  mechanical  arrangements  may  make  it 
successful,  but  the  form  in  which  it  appeared  at  \Viddringtou  was  not 
found  to  answer.  As  we  have  said  elsewhere,  two  engines  working  at  once 
will  probably  achieve  maximum  results  in  steam  culture,  but  with  two 
implements  instead  of  only  one." 

In  1859,  Messrs.  Fowler  introduced  their  celebrated  clip  drum,  which 
has  been  already  described  in  connexion  with  another  invention  of  a  clip 
drum  ;  there  can  be  no  two  opinions  of  the  great  value  of  the  clip  drum  in 
carrying  on  the  various  processes  of  tilling  the  soil.  The  wear  and  tear  of 
therope  has  been  greatly  reduced,  while  the  mode  of  manipulation  has  been 
greatly  simplified. 

In  1859,  Messrs.  Collinson  Hall  procured  letters  patent  for  improve- 
ments relating  to  steam  cultivation,  which  improvements  consisted  "  in  the 
employment  of  a  single  winding  drum,  with  a  continuous  spiral  on  its 
periphery,  on  which  the  rope  for  drawing  the  implement  is  wound.  The 
pitch  of  spiral  is  determined  by  the  thickness  of  the  rope,  and  the  diameter 
and  length  of  drum  by  the  length  of  land  required  to  be  cultivated  ; " 
and  they  state  that,  "by  coiling  the  rope  once  round  the  drum,  sufficient 
tractive  adhesion  is  obtained  tor  overcoming  the  resistance  of  four 
ploughs;"  but  for  a  greater  number  of  ploughs  they  advise  a  greater 
number  of  coils  of  the  rope  round  the  drum.  They  also  state  that,  in 
ploughing,  the  improved  drum  may  be  fixed  nearly  in  any  position ;  but 
that  they  "  prefer  to  place  it  around  the  boiler  of  the  engine,  from  which 
the  motive  power  is  derived." 

In  June,  1861,  John  Fowler  introduced  an  improvement  in  the  travelling 
anchor,  which  improvement  consisted  in  so  arranging  the  anchor  that  the 
disc  wheels  may  be  set  at  any  angle,  so  as  to  enable  the  carriage  to  be 
steered  in  any  direction  when  travelling  along  a  crooked  headland. 

In  July,  1861,  Messrs.  Savory  procured  letters  patent  for  "  an  improved 
winding  apparatus,"  the  improvements  in  which  consisted  in  "  applying 
certain  mechanism  to  the  barrel  or  cylinder  part  of  the  horizontal  boiler  of 
a  stationary  or  portable  engine,  for  the  purpose  of  winding  ropes  or  chains 
at  pits'  mouths,  or  for  ploughing  or  other  similar  purposes."  It  will  he 
seen  that,  so  far  as  tho  invention  of  applying  a  drum  round  the  boiler  of 
the  engine  is  concerned,  Messrs.  Savory  had  been  forestalled  by  the  inven- 
tion of  MessrB.  Collinson  Hall,  which  has  been  already  referred  to ;  but 
the  mode  of  application,  and  of  adjusting  the  winding  rope,  differed  from 
Messrs.  Hall's  plan.  The  drums  of  Savory's  engine  are  fitted  round  a 
horizontal  boiler,  and  ''are  caused  to  revolve  by  suitable  wheels  or  gearing 
connected  with  the  engine;"  and,  for  this  purpose,  they  proposed  to  con- 
struct a  dram  of  wrought  iron  with  a  suitable  cast-iron  head  or  ring  at 
one  or  both  ends,  this  ring  to  have  teeth  cast  outside,  to  gear  into  a  pinion 
or  pinions  on  engine  or  other  shaft.  A  part  of  the  breadth  of  this  ring  i- 
tunted  out  true  to  run  on  a  number  of  friction  rollers  on  barrel  of  boiler. 
When  two  (hums  are  used  they  may  be  constructed  with  a  cast-iron  bead 
atone  end  and  wronghl    at   the  Other,  with  friction    rollers   as  before;   and 

lor  the  purpose  "i'  guiding  the  rope  on  the  drum,  "a  pulley  is  fixed  on 
horizontal  spindle  in  a  suitable  frame,  to  roc  ir  the  rope  from  tho 

plough  '>r  other  tiling  to  he  drawn;  two  other pulli  >i  "ii  the 

lame  frame  on  vertical  studs  or  spindles,  with  moves  tarned  in 
each  to   lit  the  rope,  and    placed    one    on    . 

that  tie-  grooves  form  a   round   opening   for  'he  rope  '•■•  pass  through; 
the   frame   is  provided    with    suitable  bosses    with    an    intern:!    son* 
thread  onl  in,  to  lit.  on  a  screw  which  i^  fixed  by  brsekel  orothsrwisji 
frame  of  engine  or  boiler;  this  screw  is  placed  so  'hit  the  grooves  of 
guide  are  opposite  the  periphery  of  drum  where  ;i"    rosx   rana,  tnd  • 

■d  with  suitable  wheels  to  the  internal  gear  in-ide  tin-  diinii  liiij;.    The 
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pitch  of  the  screw  is  proportioned  so  as  to  move  the  frame  during  one 
revolution  of  drum,  a  distance  corresponding  to  a  little  more  than  the 
thickness  of  rope."  In  working,  Messrs.  Savory  employ  two  engines,  one 
on  each  headland.  The  winding  drums  of  the  engines  are  6ft.  diameter, 
and  will  each  contain  550  yards  of  rope  in  a  single  lap.  It  appears  from 
the  report  on  the  experiments  on  steam  ploughing  by  the  Royal  Agricul- 
tural Society  at  Worcester,  as  recorded  in  the  Times  of  July  21st,  1863,  that 
"Mr.  Fowler  was  55min,  moving  with  eight  horses,  and  finished  his  two 
acres  in  1  hour  51min.  Messrs.  Howard  moved  in  lj  hours  with  eight 
horses,  and  completed  their  two  acres  in  1  hour  57imin.  Messrs.  Savory 
moved  in  25min.  without  any  horses  at  all,  and  finished  their  two  acres  in 
ljiour  40min.  Mr.  Smith  moved  in  1  hour  with  eight  horses,  and  finished 
his  two  acres  in  3  hours  1  min."  The  great  saving  of  time,  here  recorded 
in  favour  of  Messrs.  Savory's  apparatus,  was  due  to  the  engines  being  of 
the  locomotive  type,  the  great  superiority  of  which  is  shown  in  this  special 
•case ;  for,  not  only  did  they  accomplish  the  task  without  the  assistance  of 
-any  horse  labour,  but  they  moved  themselves  from  Gloucester  to  Worcester, 
"up  and  downhill,"  a  distance  of  30  miles  in  a  single  day,  in  order  to  take 
part  in  the  experiments  before  alluded  to.  We  find  also,  from  a  report  in 
the  Mark  Lane  Express  of  17th  August,  1863,  that,  at  this  trial  at  Wor- 
cester, the  two  10-horse  power  self-propelling  engines  "did  some  tolerable 
work,  considering  the  pace  at  which  the  grubber  was  driven." 

The  plot  of  nearly  two  acres  was  cultivated  with  the  consumption  of 
nearly  5j  cwt.  of  coal,  and  calculating  every  expense,  the  cost  would  be 
something  like  6s.  8d.  per  acre.  This  same  report  goes  on  to  say,  "  The 
great  advantage  of  the  system  is,  that  it  reduces  the  wear  and  tear  of  the 
rope  to  a  minimum.  Having  the  rope  but  once  coiled  round  those  great 
drums,  there  is  no  crushing,  grinding,  or  clasping  action  to  wear  it  out, 
as  in  the  other  sets,  and  the  ropes  were  paid  out  and  wound  up  with  well- 
regulated  exactness.  Mr.  Clarke,  in  his  paper  on  five  years'  progress  of 
steam  cultivation,  when  speaking  of  the  results  of  the  trials  at  Worcester, 
says,  that  in  Messrs.  Savory's  arrangement  the  cylinders  are  necessarily  of 
short  stroke,  giving  out  their  full  power  only  at  a  high  number  of  revolu- 
tions per  minute  (unless  at  an  excessive  pressure  of  steam)  ;  and  by  driving 
the  drum  directly  without  reducing  gear,  too  great  a  speed  is  obtained  for 
any  implement  to  work  steadily.  Travelling  at  a  pace  of  more  than  four 
miles  per  hour  (five  miles  per  hour  on  light  work),  the  implement  not  only 
makes  imperfect  work,  but  incurs  great  risk  of  damage  from  land-fast 
impediments  ;  and,  besides,  a  broader  cultivator,  at  a  pace  of  2£  to  3  miles 
per  hour,  would  waste  less  time,  owing  to  the  fewer  number  of  bouts,  each 
with  its  steady  commencement  and  slackening  of  speed  towards  the  close 
of  the  journey. 

In  May,  1862,  Messrs.  Fowler  procured  two  patents  for  improvements 
in  steam  ploughing.  The  first  of  these  improvements  had  reference  to  the 
mode  of  adapting  the  same  engine  for  steam  ploughing  as  is  used  in  drain- 
ing by  steam  power ;  and  it  consisted  in  fitting  the  engine  with  two  drums 
capable  of  being  driven  at  different  speed*,  having  reference  to  the  nature 
of  the  work  to  be  performed.  The  invention  also  included  a  mode  of 
temporarily  removing  one  drum,  and  substituting  for  it  another  drum  to  be 
driven  at  a  different  speed  as  required.  The  second  patent  had  reference 
to  the  appliances  to  be  used  in  making  the  ordinary  portable  engine,  as 
generally  used  by  farmers,  locomotive  :  for  this  purpose  the  apparatus  for 
moving  the  engine,  and  for  hauling  the  implements,  consisted  of  a  carriage 
having  disc  wheels  attached  by  a  flexible  coupling  to  the  engine.  The 
carriage,  containing  the  necessary  winding  drums  for  hauling  the  cultivat- 
ing apparatus,  and  also  a  small  drum,  which  receives  motion  from  the 
driving  powers,  and  winds  up  a  rope  laid  out  along  the  headland,  thus 
drawing  the  hauling  carriage  and  engine  forward.  The  great  improve- 
ment in  this  case  appears  to  arise  from  the  flexible  coupling  with  the 
engine,  combined  with  the  disc  wheel  of  the  carriage.  Appliances  of  the 
same  arrangement,  for  hauling  ordinary  portable  engines,  had  been  pre- 
viously in  use;  but,  a  rigid  connection  having  been  made  between  the 
carriage  and  engine,  it  was  found  inconvenient,  for  in  hauling  there  was  a 
great  tendency  for  the  engine  to  swing  round.  The  application  of  the  disc 
wheels  entirely  prevents  any  lateral  movement,  and  therefore  the  applica- 
tion of  this  plan,  in  cases  in  which  ordinary  portable  engines  are  already 
employed  on  a  farm,  will  be  attended  with  good  results,  as  some  of  the 
advantages  of  a  locomotive  ploughing  engine  will  be  secured  without  the 
great  cost  of  providing  a  locomotive  engine  having  to  be  incurred. 

In  1863  Messrs.  Howard  procured  a  patent  for  a  locomotive  engine  for 
working  cultivating  apparatus.  The  engine  frame  was  carried  by  three  or 
more  wheels,  and  upon  this  frame  the  barrels  for  carrying  the  traction 
ropes  are  mounted.  These  barrels  are  driven  by  gearing  direct  from  the 
crank  shaft,  which  runs  longitudinally  of  the  engine  frame,  and  passes 
through  a  divided  boiler  situate  at  the  end  of  the  framing,  and  by  adopting 
the  contrivance  of  eccentrics  (which  have  been  already  described  in  the 
description  of  the  improved  windlass),  the  barrels  can  be  put  in  and  out  of 
gear  at  pleasure.  The  boiler  of  the  engine  is  of  vertical  tubular  construc- 
tion, but  made  in  horse-shoe  section  so  as  to  allow  the  steam  cylinder  being 
placed  within  the  lines  of  the  boiler.     The  engine  wa3  made  self-propelling 


by  a  mitre  or  bevel  wheel  keyed  on  the  rear  end  of  the  crank  shaft, 
which  gears  with  asimilar  wheel  keyed  on  a  transverse  shaft  at  the  back  of 
the  boiler,  to  the  extremities  of  which  shaft  friction  discs  or  coupling  are 
attached.  In  a  line  with  this  shaft  are  two  shafts  (one  at  either  end  there- 
of), carrying  friction  discs  or  their  equivalents  for  establishing  a  connection 
between  them  and  the  central  driven  transverse  shaft.  These  shafts  have 
an  endway  motion  in  their  bearings,  and  they  carry  at  their  extremities 
pinions  for  gearing  into  rings  of  teeth  on  the  hind  carrying  wheels,  or 
pitch  chains,  or  other  suitable  modes  of  driving  may  be  employed.  The 
friction  couplings  are  kept  out  of  action  by  springs  ;  but,  when  the  machine 
is  required  to  be  propelled,  these  friction  couplings  are  brought  into  action 
by  the  end  of  a  screw.  The  engine  is  steered  by  means  of  a  segment 
rack  and  pinion  in  connection  with  the  leading  wheel ;  but,  at  the  same 
time,  the  machinery  is  so  arranged  that  the  movement  of  the  front  or 
guiding  wheel  influences  the  driving  wheels  of  the  engine,  so  that  one 
wheel  remains  quiescent  while  the  other  is  being  driven,  and  in  this  way 
the  engine  is  capable  of  being  turned  in  a  very  limited  space. 

In  March,  1864,  Messrs.  Howard  procured  a  patent  for  a  twin-engine 
system,  differing  from  the  system  of  Fowler,  which  has  been  already  des- 
cribed. This  invention  had  for  its  object  the  combination  of  the  power  of 
two  small  engines  working  simultaneously,  so  as  to  make  two  small  engines 
available  for  the  work  that  has  hitherto  required  two  engines  of  far  greater 
power.  In  this  mode  of  working,  two  winding  drums,  on  to  which  a  drag 
or  hauling  rope,  and  a  driving  rope  are  respectively  coiled  and  uncoiled 
alternately,  are  used.  The  ropes  are  stretched  across  the  field,  and  the  im- 
plement is  attached  to  the  drag  or  hauling  rope  between  one  pair  of  drums. 
Between  the  other  pair  of  drums  is  stretched  a  driving  rope,  so  that  one 
engine  simply  communicates  the  power  to  the  other  engine,  thereby  com- 
bining the  power  of  the  two  engines.  This  system  is  also  applicable  to  the 
"  Smith's  "  or  roundabout  sytem  ;  but  this  mode  of  combining  the  power 
is  still  open  to  many  of  the  disadvantages  that  have  already  been  mentioned 
in  connection  with  Fowler's  twin  system,  and  is  not  likely  to  come  into 
general  operation.  Another  portion  of  this  patent  had  reference  to  novel 
arrangements  in  the  engines  hitherto  used  by  Messrs.  Howard,  which  con- 
sisted in  mounting  the  boiler  so  that  the  tubes  or  flues  will  run  at  right 
angles  with  the  travelling  wheels,  and  in  providing  a  strong  central  shaft, 
running  at  right  angles  to  the  axles  of  the  travelling  wheel,  on  which  shaft 
the  winding  drums  are  mounted  on  eccentrics,  in  a  manner  that  has  been 
before  described.  Another  arrangement  consisted  in  the  use  of  a  large 
winding  drum,  similar  in  many  respects  to  that  used  by  Savory,  but  mounted 
in  a  different  position. 

In  May,  1864,  Collinson  Hall  procured  letters  patent  for  a  number  of 
minor  arrangements  in  steam  cultivation,  principally  consisting  cf  the 
mode  of  applying  the  power  of  two  or  more  engines  to  work  one  winding 
drum,  the  use  of  a  travelling  railroad  for  supporting  the  engine  employed 
in  cultivation,  the  use  of  travelling  porters,  and,  lastly,  in  the  employment 
of  two  sectional  drums  of  different  diameters,  or  with  a  different  number 
of  sections  on  the  same  shaft,  for  the  purpose  of  regulating  the  tension  of 
the  rope  by  shifting  it  according  to  requirement  from  one  dram  to  the 
other. 

In  October,  1864,  Messrs.  Coleman  and  Morton  procured  a  patent  for  a 
mode  of  applying  steam  power  for  the  cultivation  of  the  soil.  The  mode  of 
working  consists  in  employing  two  steam  engiues,  one  at  each  side  of  a 
field,  for  the  purpose  of  traversing  the  implements  to  and  fro  in  tilling  the 
land,  such  engines  both  operating  simultaneously  on  the  same  rope  by 
which  the  implements  are  propelled;  but  instead  of  using  only  one 
implement  as  had  hitherto  been  the  practice,  Messrs.  Coleman  and 
Morton  employ  two  single  and  detached  sets  of  implements,  the  one 
being  attached  to  the  one  part  of  an  endless  rope,  and  the  other  to  the 
other  part.  One  implement  traverses  from  the  engine  on  the  headland  at 
one  side  to  the  middle  of  the  field,  while  the  other  traverses  from  the 
middle  to  the  engine  at  the  opposite  side  of  the  field,  and  are  so  arranged 
that  while  one  is  tilling,  the  other  is  going  back  without  operating  on  tne 
ground.  By  this  means  the  one  engine  is  pulling  directly  on  one  imple- 
ment while  it  is  tilling;  and  the  other  engine  is  pulling  directly  ou  the  other 
which  is  being  dragged  backwards  over  the  ground,  while  at  the  same  time 
its  surplus  power  is  transmitted  by  same  rope  to  the  drum  of  the  other 
engine  and  to  the  other  part  of  the  rope  hauling  the  implement  in  work, 
thereby  assisting  in  the  ti  action  of  that  implement  also.  Another  portion 
of  the  invention  of  Messrs.  Coleman  and  Morton  has  reference  to  an  im- 
provement in  winding  drums,  which  consists  in  an  arrangement  for  travers- 
ing the  rope  on  the  drum  so  that  it  arrives  and  leaves  the  drum  at  the 
same  point,  and  the  rope  always  maintains  the  same  relative  position  on  the 
drum,  without  riding,  or  surging,  or  slipping  in  a  lateral  direction.  The  last 
time  that  these  appliances  of  steam  culture  entered  into  competition  trial 
was  at  the  Royal  Agricultural  Show  in  1864,  when  the  silver  medal  of  the 
society  was  awarded  them,  and  the  judges  commended  the  work  performed 
by  this  apparatus.  Messrs.  Coleman  and  Morton  also  have  a  mode  of  work- 
two  implements  merely  half  way,  from  a  single  engine  on  one  headland  and 
au  anchored  pulley  on  the  other. 
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In  February,  1865,  James  Howard  procured  a  patent  for  "improvements 
in  steam  engines  applicable  to  ploughing  and  other  agricultural  purposes," 
the  object  of  which  was,  b>  a  novel  arrangement  of  the  engine  and  boiler, 
to  increase  the  efficiency  of  the  machine.  These  improvements  consisted  in 
making  the  firebox  midway  of  the  length  of  the  boiler,  and  having  a  smoke- 
box  or  flue  at  either  end  of  the  boiler.  These  smokeboxes  he  proposed  to 
connect  with  the  firebox  by  a  system  of  tubular  flues  running  longitudi- 
nally of  the  boiler,  which  flues  were  to  be  made  tapering  in  form,  the 
largest  end  being  next  the  firebox.  The  barrel  of  the  boiler  was  also  to 
be  tapered  in  the  same  way  as  the  tubular  flues,  and  the  heated  gases 
were  led  off  from  the  two  smokeboxes  to  a  central  chimney  over  the 
firebox,  within  and  at  the  base  of  which  chimney  the  steam  dome  is  situated. 
From  this  steam  dome  the  steam  is  taken  and  conducted  by  a  pipe  or  pipes 
through  a  heated  flue  to  the  cylinder  or  cylinders  of  the  engine  situate  on 
the  top  of  the  boiler.  The  advantage  claimed  for  this  arrangement  is, 
first,  a  rapid  generation  of  steam,  and,  secondly,  the  supply  of  dry  and 
superheated  steam  for  the  engine.  In  this  arrangement  of  engine  the 
winding  drums  for  hauling  the  implements  are  placed  at  each  end  of  the 
boiler,  and  are  set  in  a  longitudinal  shaft,  which  is  carried  in  bearings  sup- 
ported by  the  shell  of  the  boiler. 

In  October,  1866,  Messrs.  Howard  procured  a  patent  for  an  improved 
mode  of  working  steam-tilling  implements,  which  has  been  called  the 
"  double-double  system."  The  mode  of  operation  consists  in  combining  the 
power  of  two  engines  in  working  two  implements,  so  that  each  implement 
and  hauling  apparatus  is  quite  independent  of  the  other.  The  method 
consists  in  operating  with  two  engines  simultaneously,  the  engines  being 
placed  at  opposite  sides  of  the  field ;  and,  as  each  engine  has  "  two 
winding  drums,  which  are  geared  to  the  driving  shaft,  independently  of 
each  other,"  one  drum  on  each  engine  may  be  winding  while  the  other 
drum  of  the  same  engine  is  standing  still,  or  may  be  unwinding  its  rope. 
Hetween  the  two  engines  two  distinct  lines  ol  rope  are  placed,  and  con- 
nected with  the  winding  drums  of  the  respective  euginei.  The  implements 
are  attached  to  the  hauling  rope,  and  the  tilling  is  so  arranged  that  the 
field  is  divided  into  two  parts  for  the  purposes  of  culture,  the  two  imple- 
ments traversing  half  way,  or  any  other  proportion  of  the  distance  between 
the  engines.  In  this  engine  the  boiler  is  placed  transversely  across  the 
frame  of  the  carriage,  which  is  considered  by  Messrs.  Howard  to  be  a 
great  advantage  when  travelling  up  and  down  an  undulating  country,  the 
water  line  of  the  boiler  not  being  so  subject  to  the  disturbing  influence  ns 
is  the  case  when  the  axis  of  the  longest  diameter  lies  in  the  direction  of  the 
moving  body ;  on  the  other  hand,  it  is  contended  that  this  arrangement 
of  boiler  is  highly  prejudicial,  if  the  engine  is  at  any  time  employed  to 
work  on  a  sloping  headland.  The  advantages  of  the  double-double  system 
are  very  great,  when  it  is  seen  that  botli  engines  arc  kept  at  work  during 
tin'  whole  period  of  working,  and  that  two  implements  are  worked  at  the 
additional  cost  only  for  an  extra  ploughman  and  porter  boys;  and  that 
relatively  a  much  larger  proportion  of  work  can  be  completed  within  B 
given  time  by  this  mode  of  work  that  can  bo  possibly  secured  in  the 
double-engine  system,  when  each  engine  works  alternately.  Mr,  Clarice, 
In  the  Report  ol  the  Committee  of  the  Royal  Agricultural  Society, 
speaking  of  this  mode  of  working,  says,  "the  plan  is  promising,  as  will 
appear  from  a  contrast  very  easily  made  in  figures.  Suppose  that,  on  the 
old  double-engine  system,  one  implement,  7  ft.  wide,  traverses  from  engine 
to  engine  to  engine  in  200  seconds,  and  takes  10  seconds  to  turn ;  that  is, 
a  strip  of  land  7  ft.  broad,  and  the  whole  length  of  the  field,  is  cultivated 
in  BIO  Seconds.  Now  take  the  same  two  engines  in  the  same  position,  but 
with  two  implements  meeting  midway.  There  being  two  plys  of  rope 
Instead  of  only  one,  we  must  reduce  the  width  of  each  implement  to  say 
C  ft.,  in  order  that  the  engine  may  be  able  to  pull  it  at  the  same  pace  as  in 
the  former  case;  say  then  that  two  6  ft.  with'  implements  travel  at  the 
same  pace,  they  will  accomplish  thoir  lull-way  journey  in  100  seconds. 
Then  as  the  engines  have  to  shift  forward  on  the  headland,  while  the 
implement*  are  at  the  ends,  a  longer  tim^  will  be  wasted — say  20  seconds 
in  '  turning  '  at  the  end  :  that  is,  the  half-journey  i*  accomplished  in 
120  seconds.  Hut  then,  at  there  ire  two  6  ft  implements  simultaneously 
travelling,  a  strip  of  land,  (>  ft,  broad,  DM  been  cultivated  the  whole  length 
of  the  field  between  the  two  engines,  The  comparison  is  this:  the  double* 
engine  system  has  tilled  a  foot  breadth  (of  the  whole  length  of  the  field)  in 
every  30  seconds  :  whereas  the  double  implement  and  double-engine  system 
has  tilled  a  foot  breadth  (of  the  same  length)  in  20  seconds.  In  other 
words,  the  new  plan  is  capable  of  working  a*  large  an  area  in  two  hours 
a*  the  old  plan  can  do  in  three  hours ;  or,  in  other  words  again,  you  may 
henceforth  get  your  six  weeks'  work  of  autumn  tillage  finished  in  four 
weeks,  and  tor  much  less  money  ;  because,  while  there  is  an  additional 
ploughman,  with  a  slight  increase  in  coal,  oil,  and  water-bill,  yon  have  only 
two-thirds  the  number  of  days  on  which  expense  at  all  has  to  be 
incurred." 

It  should  be  here  mentioned  that  Messrs,  Fowler  have  also  worked  two 
implements  by  two  engines  at  the  same  time,  on  a  plan  somewhat  different 
from  this  system  of  Howard's,  and  also  differing  from  the  twin-engine 


system  already  described.  The  implements  used  in  this  case  were  a  plough 
and  a  cultivator,  and  they  traversed  the  full  length  of  the  field  the 
cultivator  working  on  the  land  that  had  been  previously  ploughed. 

Messrs.  Howard's  engine,  with  the  winding  drums  placed  at  the  extreme 
ends  of  the  engine,  is  very  favourable  for  carrying  out  this  double  ploughing 
system.  The  principle  objection  to  this  plan  ot  working  lies  in  the  bad 
work  that  is  said  to  be  made  at  the  points  where  the  work  of  the 
respective  implements  is  joined,  and  it  certainly  would  be  a  further  im- 
provement it  the  space  between  the  ploughing  implements  could  be  so 
adjusted  that  each  implement  may  traverse  the  full  length  of  the  fitkl ; 
for,  not  only  would  time  be  saved  in  turning,  but  the  work,  especially 
ploughing,  could  be  performed  in  a  better  style  :  probably  this  might  be 
done  by  so  arranging  the  distance  between  the  driving  pulleys  that  they 
shall  always  be  exactly  distant  from  each  other,  a  space  equal  to  the 
breadth  or  the  land  to  be  ploughed,  and  alter  each  length  traversed  the 
two  engines  must  be  moved  forward  the  distance  equal  to  the  breadth  of 
the  space  that  is  covered  by  the  tilling  implement. 

Relative  Mebits  or  Stationary  versus  Locomotitb    Enqinbs  when 
Tilling  the  Sen. 

That  each  of  these  systems  of  working  has,its  merits  and  its  drawbacks 
cannot  be  denied,  and  it  often  becomes  a  difficult  question  for  the  fanner 
to  decide  which  system  he  shall  adopt  with  the  greatest  advantage.  The 
partisans  of  each  system  are  often  found  praising  the  system  and  appliances 
they  may  have  adopted,  and  which  have  proved  on  their  lands  to  have 
answered  the  purpose  for  which  it  was  applied ;  and  they  are  not  unfre- 
quently  led,  by  the  bigotry  originating  in  the  success  of  their  own 
appliances,  to  decry  some  other  system,  the  mode  of  working  which  or  the 
conditions  under  which  it  may  have  been  adopted  being  unknown  to 
them. 

It  is  not  the  author's  intention  to  decry  either  system,  as  good  results 
have  been  unmistakably  proved  to  have  been  obtained  in  the  application 
of  both  ;  but,  with  the  knowledge  of  all  that  1ms  been  done  in  the  way  of 
steam  cultivation,  it  cannot  be  a  very  difficult  matter  to  decide  which  is 
best  adapted  to  the  conditions  under  which  it  may  be  desirable  to  work  it. 
There  are  a  few  points  in  considering  this  part  of  the  question  that  it  will 
be  well  to  inquire  into.  It  must  be  granted  that  an  engine  that  is  self- 
propelling  is  vastly  superior  to  one  that  requires  the  labour  of  a  large 
number  of  horses  to  move  it  from  one  position  to  another ;  bat  as  a  self- 
propelling  engine  may  he  used  on  either  the  stationary  or  locomotive 
systems  of  cultivating  the  soil,  this  portion  of  the  question  need  not  be 
discussed  when  considering  the  principles  of  the  application  or  the  respec- 
tive systems.  Neither  need  we  take  into  consideration  the  nature  of  the 
appliances  the  tanner  may  be  in  possession  of  when  he  is  about  to  adopt 
steam  power,  because  we  sec,  from  what  has  already  been  done,  that  the 
ordinary  portable  steam  engine,  as  found  on  a  great  number  of  farms, 
may  be  adapted  to  be  used  in  carrying  out  either  one  or  other  of  the 
systems.  The  principal  question  that  first  arises  is  that  of  cost.  It  is 
very  clear  that  the  roundabout  system  with  stationary  engines  hai  been 
less  costly  than  the  system  of  locomotive  engines  working  the  implements 
more  directly,  and  therefore,  looking  at  the  relative  systems  in  respect  of 
cost,  we  must  bear  in  mind  that  the  interest  on  capital  and  depreciation  of 
stock  virtually  represent  a  fixed  charge  per  acre  on  the  laud  cultivated, 
and  the  smaller  the  acreage  to  be  cultivated  in  proportion  to  the  capital 
expended,  the  greater  the  cost  of  cultivation  ;  and  it  therefore  follows  that, 
on  small  farms,  the  least  expensive  apparatus  will  be  found  to  be  the 
most  economical,  provided  the  ordinary  working  charges  for  coal,  oil,  and 
labour  are  not  disproportionate  to  the  area  cultivated. 

It  has  been  already  mentioned  that  a  locomotive  engine  will  be  found 
vastly  superior  on  the  farm  to  one  that  requires  the  labour  of  horses  to 
move  it,  and  therefore  it  will  probably  be  found  that,  in  most  cases,  when 
the  farmer  is  purchasing  entirely  new  machinery,  he  will  procure  the  self- 
propelling  engine;  and,  having  got  a  machine  of  this  description,  he  will 
be  able  to  use  it  either  as  a  stationary  engine,  or  as  a  locomotive  travelling 
along  the  headlands.  The  advantages  of  the  travelling  engines  are  very 
great  when  considered  in  a  strictly  mechanical  sense,  because  it  will  be 
seen  from  the  mode  of  working  that  the  power  of  the  engine  is  trans- 
mitted to  the  instrument  used  in  tilling  in  the  most  direct  manner  and 
with  the  least  loss  of  power,  as  the  number  of  pulley  and  the  length  of 
rope  are  reduced  to  a  minimum.  That  the  locomotivo  system  has  its 
drawback  cannot  for  a  moment  be  denied,  and  these  drawback-  arise  from 
having  the  powen  lyon  the  move,  thus  requiring  coals  and  water 

to  bo  carted  after  it,  and  leading  to  an  increase  in  cost  on  this  account  ; 
moreover,  it  is  found  that  occasionally,  immediately  after  rain,  it  i-  diffi- 
cult to  get  the  engine  to  travel  over  the  unprepared  headlands  of  our 
fields;  whereas,  on  the  roundabout  system,  the  machinery  can  at  once  be 
put  in  motion,  as  its  movements  arc  so  far  independent  of  the 
the  soil;  but  it  should  be  borne  in  mind,  as  a  set  off  to  this  drawback, 
that  the  direct  acting  system  of   tilling  land  with  tfa  ft  engine 

when  at  work  is  capable  of  performing  a  greater  amount  of  work  per  duy 
than  a  stationary  engine  of  equal  power,  as  there  if  considerably  less  time 
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lost  in  the  various  change's,  infixing  and  starting  the  appliances  for  work, 
and  in  the  economy  of  the  application  of  the  power.  As  farms  are  at 
present  laid  out  in  small  plots,  there  is  no  doubt  that  there  is  some  reason 
in  the  arguments  of  the  opponents  of  the  locomotive  system,  when  they 
tell  us  that  the  weight  of  a  heavy  locomotive,  travelling  over  the  head 
lands,  is  destructive  to  the  fertility  of  a  very  large  area  of  land  ;  and  that 
the  mischief  caused  by  the  movement  of  the  ponderous  machine  over  the 
ground  is  further  increased  by  the  cartage  of  coal  and  water  to  supply  the 
wants  of  the  machine ;  but  it  will  be  seen  that  these  arguments  apply 
rather  against  the  present  plan  on  which  our  farms  are  laid  out,  than 
against  the  adoption  of  this  mode  of  steam  cultivation ;  further  difficulties 
would  be  obviated  by  the  removal  of  useless  hedges  and  the  construction 
of  properly  formed  roads.  The  question  of  water  cartage  may  be  dis- 
missed ;  for,  whether  we  have  locomotive  or  stationary  engines,  as  a  rule 
the  cartage  of  water  will  be  required,  although  it  is  quite  possible  with  the 
stationary  engine  system  so  to  lay  out  the  farms  that  the  cartage  of  water 
should  not  be  required. 

In  considering  this  question  of  the  merits  of  stationary  versus  locomotive 
engines,  it  will  be  well  to  inquire  which  is  the  hest  method  of  each  system 
to  be  followed.  So  far  as  our  present  experience  goes,  it  has  been  shown 
on  large  farms  that  the  double-engine  system  offers  great  facilities  for 
cultivating  thu  soil  most  effectually,  whether  used  as  a  stationary  engine 
or  a  locomotive.  Two  stationary  engines  when  at  work  have  out  but  half 
the  length  of  rope  that  is  required  with  the  ordinary  roundabout  system 
worked  with  one  engine.  Two  engines  on  the  locomotive  plan  with  wind- 
ing drums  have  out  but  half  the  rope  required  when  but  one  engine  is 
used,  and  therefore  there  is  a  saving  by  reason  of  frictional  resistance  due 
to  the  smaller  quantity  of  rope  at  work,  but  this  gain  is  to  some  extent 
counterbalanced  by  the  larger  percentage  of  fuel  used  when  the  mode  of 
working  that  has  hitherto  been  in  use,  is  adopted — of  working  the  two 
engines  alternately.  We  find,  from  the  report  of  the  Committee  of  the 
Royal  Agricultural  Society  on  steam  cultivation,  in  that  part  of  the  report 
prepared  by  Mr.  Reed,  that  "  the  double-set  consumes  in  the  same  space  of 
time  35  per  cent,  more  coal  than  the  single  set,"  but  this  loss  in  the  con- 
sumption of  fuel  will  probably  be  soon  removed  in  the  case  of  the  locomo- 
tive system,  when  what  is  termed  the  "  double-double  system  "  of  cultiva- 
tion comes  into  full  operation,  and  therefore  when  this  drawback  is 
removed  the  locomotive  system  will  be  found  to  be  superior  to  the  sta- 
tionary system. 

The  difference  between  the  stationary  engine  and  the  locomotive  engine 
lies  principally  in  this,  that  in  the  locomotive  system  the  heavy  engine  is 
moored  a  comparatively  short  distance  along  the  headland,  while  in  the 
stationary  system  an  additional  length  of  rope  is  used,  which  has  to  be 
moved  a  great  number  of  time3  through  the  space  that  wonld  otherwise  be 
traversed  by  the  locomotive.  For  example  :  Take  a  field  400  yards  long 
and  300  yards  wide,  with  a  single  locomotive  engine,  as  compared  with  the 
roundabout  system,  taking  the  movement  of  the  anchor  as  equivalent  to 
the  friction  in  thepullies  of  the  roundabout  system,  we  find  that  800  yards 
of  rope,  additional  to  that  required  in  the  locomotive  system,  are  required 
to  be  moved  in  the  other  system ;  assuming  that,  at  each  traverse  of  the 
tilling  instrument  5ft.  of  ground  is  covered,  the  number  of  times  the 
extra  800  yards  of  rope  will  have  to  pass  through  the  space,  that  would 
be  traversed  by  the  locomotive  employed  to  do  the  same  work,  will  be  240 
times ;  and,  assuming  that  the  rope  weighs  If  lbs.  per  yard,  we  get  the 
result  800  x  240  x  1-75  =  150  tons ;  or  150  tons  moved  through  400 
yards  under  the  roundabout  system,  against  10  tons,  the  weight  of  an 
agricultural  locomotive,  moved  through  the  same  space  on  the  locomotive 
system. 

The  advantages  of  the  locomotive  system  with  its  comparatively  short 
length  of  rope  laid  out  in  perfect  straight  lines  is  seen  when  the  respective 
systems  come  to  be  put  in  operation,  for  it  is  very  much  easier  to  lay  out 
the  rope  on  the  locomotive  system  than  on  the  roundabout,  when  it  requires 
to  be  carried  all  round  the  field. 

With  the  stationary  engine  it  is  possible  to  work  closer  to  the  hedges, 
and  therefore  in  small  enclosures  this  is  a  great  advantage,  as  the  amount 
of  work  left  to  be  performed  by  horse  labour  is  reduced  to  a 
minimum ;  indeed,  in  some  cases  under  the  stationary  system,  it  may  be 
possible  to  so  lay  out  the  land  that  the  engine  may  be  set  down  by  the 
side  of  a  tank  or  pond,  and  so  all  the  cost  and  trouble  of  carting  water  may 
be  avoided.  The  chances  of  damage  to  the  engine,  by  the  carelessness  of 
the  driver  in  allowing  the  implements  to  run  into  it,  are  not  so  likely  to 
occur  in  the  stationary  as  in  the  locomotive  system. 

In  practice  it  is  found  that  the  farmer  requires  a  good  and  efficient  tool 
with  as  little  outlay  as  possible.  The  question  of  loss  of  time  and  other 
matters  are  naturally  put  on  one  side,  because  in  many  instances  the  farmer 
cannot  afford  to  pay  the  cost  of  procuring  the  most  perfect  apparatus ;  he 
is  content  with  a  machine  that  will  perform  all  the  work  he  requires,  and 
on  this  account  the  stationary  engine,  as  being  the  cheapest,  will  commend 
itself  to  the  small  capitalists,  while  the  large  capitalists  will  provide 
themselves  with  more  perfect  appliances.     The  roundabout  system  with  the 


ordinary  portable  engine  will  be  found  the  cheapest  appliances  for  small 
holdings ;  the  larger  farms  will  be  more  cheaply  worked  by  the  more  ex- 
pensive appliances,  when  those  appliances  are  capable  of  performing,  in 
proportion  to  the  cost,  an  increased  area  of  cultivation. 
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ON  SINKING  WELLS  FOR   THE  FOUNDATIONS  OF  THE  PIERS  OF 
THE  BRIDGE    OVER    THE  RIVER  JUMNA,  DELHI   RAILWAY. 

By  Mr.   Imeie    Beil,   M,   Inst.  C.E. 

After  alluding  to  the  native  plans  of  sinking  wells,  built  of  masonry  or  brick- 
work, by  excavated  the  sand  from  the  interior,  at  first  by  means  of  a  spade 
called  a  '  phaora,'  and  after  the  first  5ft.  by  an  implement  called  a  'jham,' 
reference  was  made  to  a  modification  in  the  use  of  the  'jham'  in  constructing 
the  railway  bridge  over  the  Jumna  at  Allahabad,  where  instead  of  sending 
down  a  diver  to  force  the  spade  into  the  ground,  a  pole  was  employed  to 
strike  the  butt  end  of  the  'jham'  and  so  to  drive  it  into  the  ground.  This  was, 
•in  the  Author's  opinion,  a  decided  improvement;  but  the  process  was  still 
tedious  and  slow,  especially  where  clay  or  hard  strata  were  met  with. 

The  Author  then  proceeded  to  describe  the  mode  of  forming  the  foundations  of 
the  bridge  over  the  river  Jumna,  near  Sirsawa,  on  the  Delhi  Railway.  It 
appeared  that  the  bed  of  the  river  at  this  point  consisted  of  coarse  and  fine 
gravel  and  sand,  interspersed  with  layers  of  blue  clay  3ft.  and  4ft.  thick,  and 
covered  with  silt ;  but  during  the  rainy  season  large  boulders,  weighing  141bs. 
each  and  upwards,  were  brought  down,  and  deposited  by  the  scour  of  the  river 
30ft.  below  the  level  of  the  bed.  The  bridge  comprised  twenty-four  openings, 
each  99ft.  in  the  clear,  and  the  superstructure  was  composed  of  two  lines  of 
lattice  girders,  resting  on  brick  columns,  or  wells,  each  12ft.  6in,  external 
diameter,  and  5ft.  lOin.  internal  diameter,  so  that  the  wall  of  the  well  was  3ft. 
4in.  thick.  In  some  instances  the  sites  of  the  piers  were  got  clear  of  water  by 
diverting  the  river  at  different  points  during  the  dry  season,  while  in  other 
cases  islands  were  formed,  by  driving  a  half-circle  of  piles  on  the  up-stream 
side,  then  lowering  sand  bags  on  the  down-stream  side,  to  the  height  of  4ft.  or 
5ft.  and  afterwards  filling  up  with  sand  to  5ft.  above  low  water.  The  curb  on 
which  the  steining  of  the  well  rested  was  formed  of  wrought-iron  plates  and 
angle  irons  rivetted  together ;  and  in  cross  section  the  curb  was  like  an  inverted 
right-angle  triangle,  of  which  the  height  was  4ft.  and  the  base  3ft.  4in.  When 
each  curb  was  complete,  it  was  moved  into  position,  and  the  compartments  were 
then  filled  in  with  concrete.  The  curb  was  next  sunk  by  men  working  with 
the  '  phaora'  and  basket,  till  the  upper  edge  was  within  3iu.  of  the  level  of  the 
water,  when  a  ring  of  brickwork  was  carried  up  for  a  height  of  6ft.  The 
excavation  of  the  interior  was  again  proceeded  with,  by  means  of  the  '  jham' 
and  divers  in  the  old  native  style ;  afterwards  a  further  height  of  10ft.  of 
brickwork  was  added,  but  the  material  was  now  removed  by  a  sand-pump  (to 
be  hereafter  described)  worked  by  a  steam  hoist  of  4  H.P.,  as  was  the  case 
after  two  additional  lengths,  each  of  loft,  were  built,  when  the  well  was 
carried  down  to  its  full  depth.  In  operations  of  this  nature  great  care  was 
necessary,  especially  at  first,  to  insure  the  well,  or  cylinder,  descending  vertically. 
For  this  purpose  the  curb  should  invariably  by  sunk  alone  without  any  build- 
ing. The  first  height  of  brickwork  should  not  exceed  5ft.  or  6ft.  the  next  10ft. 
and  it  was  never  advisable  to  build  more  than  15ft.  at  a  time.  Before  com- 
mencing any  additional  height,  the  top  course  of  the  brickwork  already  built 
ought  to  be  removed,  to  insure  a  thoroughly  clean  surface  for  the  mortar. 

The  lime  used  at  the  works  was  made  from  marl,  or,  more  properly,  calcareous 
clay,  which,  while  soft,  was  roughly  moulded  into  bricks.  These  were  stacked 
to  dry  for  three  or  four  days,  and  were  afterwards  burnt  with  wood  in  kilus  for 
fifty  or  sixty  hours.  The  flues  were  then  closed  with  bricks  and  mud,  and  so 
allowed  to  remain  for  two  or  three  days.  On  the  kiln  being  opened,  the  lime 
bricks  were  unloaded  almost  in  a  whole  state,  were  ground  under  stones,  screened, 
and  carried  to  the  works  pure  and  free  from  ash  or  dirt.  The  mortar  was  made 
from  one  part  of  ground  lime  and  one  part  of  clear,  sharp  sand.  This  mortar 
was  used  in  all  the  well  foundations  of  the  bridge  up  to  the  level  of  low  water ; 
and  as  a  proof  of  its  quality  it  was  stated  that  it  was  easier  to  break  the  work 
as  a  mass,  than  to  separate  it  at  the  joints  or  beds.  Above  the  level  of  low 
water  the  mortar  was  composed  of  white  hill  lime,  and  soorkhee,  or  crushed 
brick  bats,  in  equal  proportions,  as  it  was  found  that  the  lime  from  the  cal- 
careous clay  lost  the  greater  part  of  its  cohesion  when  used  in  work  exposed 
to  the  vicissitudes  of  the  atmosphere — whether  this  arose  from  the  frequent 
changes  from  dryness  to  humidity,  or  from  heat  to  cold,  was  not  ascer- 
tained. 

The  well  sinking  for  the  foundations  of  the  piers  and  the  abutment  of  this 
bridge  was  completed  in  little  more  than  two  years,  which,  without  deducting 
any  time  for  building  up  the  brickwork,  or  for  that  unavoidably  lost  by  the  rise 
in  the  rise  in  the  river  during  rains,  gave  an  average  rate  of  159ft.  per  month. 
The  time  occupied  in  the  building  of  the  steining  of  the  wells,  erecting,  taking 
down,  and  re-erecting  scaffolding  and  staging  for  sand  pump,  weighting  the 
wells,  etc.,  was  equal  to  that  emplyed  in  sinking.  _  This  would  give  the  rate  of 
sinking  as  a  little  over  300ft.  per  month.  If  cast-iron  cylinders  had  been  used, 
the  work  could  have  been  performed  much  more  quickly,  as  the  portions  of  the 
cylinders  could  have  been  put  together  more  rapidly,  and  owing  to  the  slight 
bearing  surface  exposed  by  the  thickness  of  the  iron,  compared  to  the  breadth 
of  brickwork  in  the  walls  of  the  well.  The  total  weight  of  the  foundations  and 
of  the  iron  girder  superstructure  on  each  well  was  420  tons,  and  the  area  of  the 
bottom  of  each  well  was  117ft.  so  that  the  weight  was  less  than  4  tous  per 
square  foot. 
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The  novelty  in  the  sinking  of  the  wells  of  this  bridge  was  in  the  use  of  the 
Sand  Pump.  This  was  described  to  consist  of  a  wrought  iron  cylinder  having 
a  pump  rivetted  to  it  at  the  top,  in  which  was  a  piston  fitting  loosely,  and 
pierced  with  small  holes  to  allow  of  the  escape  of  water.  The  piston  rod 
terminated  in  an  eye  at  the  upper  end,  to  which  a  chain  could  be  attached. 
The  bottom  of  the  cylinder  was  moveable,  and  in  the  centre  there  was  an  upright 
suction  pipe,  projecting  outwards  for  a  distance  equal  to  its  own  diameter,  and 
inwards  nearly  to  the  top  of  the  cylinder.  When  the  pump  was  lowered  to 
the  bottom  of  the  well,  the  chain  attached  to  the  piston  rod  was  worked  up  and 
down  like  a  ringing  engine.  In  this  way  water  was  first  drawn  through  the 
upright  pipe,  followed  by  sand  or  other  material,  which  fell  over  the  pipe  into 
the  cylinder.  This  operation  was  continued  until  the  cylinder  was  quite  full, 
which  was  known  by  the  piston  working  stiffly,  when  the  machine  was  raised  to 
the  surface ;  the  bottom  of  the  cylinder  was  then  detached,  with  the  column 
of  sand  resting  on  it,  and  another  cylinder  bottom  which  bad  been  cleared  of 
its  sand  was  sabstituted.  The  number  of  men  employed  at  each  well  was 
fourteen ;  nine  working  the  chain,  two  clearing  away  the  stuff  brought  up  by 
the  pump,  one  in  charge  of  a  steam  hoist,  one  breaking  firewood,  and  an  overseer. 
The  average  rate  of  sinking,  including  contingencies,  was  about  6ft.  in  eight 
hours.  This  rate  was  extraordinary  when  compared  with  the  old  system  of  the 
'jham'  and  diver,  and  would,  it  wa3  believed,  materially  reduce  the  expense  of 
bridge  work  in  India. 

In  conclusion,  reference  was  made  to  other  methods  adopted  in  this  country 
for  linking  cylinders  ;  particularly  to  a  machine  on  the  dredger  principle,  which 
had  been  used  in  the  construction  of  the  new  bridge  over  the  Clyde  at  Glasgow, 
and  to  the  Excavator  which  had  been  employed  in  sinking  the  cast-iron  cylinders 
for  the  foundations  of  the  piers  of  a  railway  bridge  over  the  same  river,  and 
which  formed  the  subject  of  a  separate  Paper.  On  considering  the  different 
plans,  the  Author  stated  that  he  thought  most  favourably  of  the  Sand  Pump  of 
Mr.  Howard  Lennard  (Assoc.  Inst.  C.E.),  as  from  its  simplicity  it  was  peculiarly 
adapted  for  India  and  for  localities  where  skilled  labour  could  not  readily  be 
procured.  Some  improvements  which  had  been  effected  in  the  details  were  then 
described,  particularly  in  the  substitution  of  the  moveable  bottom  for  the  side 
doors  as  originally  made,  and  in  adapting  the  pump  for  piercing  clay  at  the 
Sutlej  Bridge  Works. 


DESCRIPTION  OP  APPARATUS  FOR  EXCAVATING  THE  INTERIOR 
OF,  AND  FOR  SINKING,   IRON  CYLINDERS. 

By  Mr.  Jons  Mileoy,  Assoc.  Inst.,  C.E. 

It  was  believed  that,  for  the  purpose  of  sinking  cylinders,  the  great  desideratum 
hitherto  had  been  some  method  of  excavating  the  earth  from  the  interior  with- 
out at  the  same  time  having  to  take  out  the  water,  and  to  keep  it  out  during 
the  operations.  This  object  seemed  to  the  Author  to  have  been  attained  by  a 
machine  of  his  invention,  which  was  used  in  the  construction  of  the  bridge 
over  the  river  Clyde,  for  the  Glasgow  (City)  Union  Railway,  to  which  Mr.  Fowler 
(Past  President  Inst.  C.E.),  and  Mr.  Blair  (M.  Inst.  C.E.),  were  the 
engineers. 

The  excavating  apparatus,  commonly  called  the  '  Excavator,'  was  thus 
described  : — It  consisted  of  a  horizontal  frame  of  iron,  with  an  outside  rim  9in. 
in  height,  to  which  radiated,  like  the  spokes  of  a  wheel,  T  irons  from  a  small 
cast  iron  ring  in  the  centre.  To  the  bottom  of  the  outside  rim  were  hinged 
eight  heavy  iron  spades,  which,  when  drawn  in,  fitted  closely,  with  their  points 
pressing  against  the  inner  ring.  The  hinges  of  the  spades  were  so  constructed 
as  to  prevent  them  from  turning  back  beyond  the  perpendicular.  The  whole 
apparatus  was  very  strongly  made,  and  it  formed  when  closed  a  nearly  water 
tight  tray.  When  the  machine  was  descending,  the  spades  were  allowed  ot 
hang  vertically,  and  they  were  forced  into  the  ground,  by  the  aid  of  two  chains, 
fastened  to  the  top  of  upright  mi  on  Opposite  sides  of  the  Excavator,  then 
I  down  the  cylinder,  under  a  pulley,  up  between  two  leader*,  Uld  over 
another  pulley,  the  end   ol"  each   chain   being  wound    round  the   large  axis  of  a 

hi,  or  dram  on  t ho  landing  stage,     tl        ohains  were  calculated  when 

tightened  to  keep  the  machine  down,  whilst  the  spadi ■■.  were  drawn  in  through 

in  i  up  to  the  iraine.    ihie  was  effected  by  a  second  set  of  chains, 

all  oi  equal  length,  and  each  la-.:*  to  the  inside  of  a  spade  and  al 

tin-  othfil  to  the  end  of  a  main  chain,  bj  which  the  machine  was  raised  to  the 
surface,  with  the  earth  it  contained,  by  means  of  a  steam  hoist.  In  order  to 
enable  an  opinion  to  ho  formed  of  the  capabilities  of  the  Excavator,  it  was 
mentioned  that  tho  prognsi  of  the  excavation,  ami  thecal  subsidence 

of  the  cylinder,  reached  from  about  13ft.  to  80ft.  pel  day  of  ten  hours,  inclusive 
of  the  time  employed  in  adding  fresh  lengths  of  cylinder,  putting  on  wi  . 
etc.  When  there  had  been  little  interruption  lor  any  of  these  purposes,  it  had 
amounted  to  Soft,  in  the  ten  Iwui -.  ami  then  Ihcavorage  quantity  of  sand 
brought  up  at  each  lift  was  21  cubic  (set,  ami  the  total  quantity  during  tho  day 
win  found  by  measurement  to  be  70  cnbie  yards.  Twelve  men  in  all 
ployed, — viz.,  one  engineer,  one  stoker,  six  men  working  the  drums,  three  attend- 
ing to  the  loading  and  discharging  of  tho  Excavator,  and  one  man  wheeling 
away  the  materials. 

n  the   following  advantages  were  claimed   for  this  apnai 
it  was  perfectly  independent  of  water,  which  was  allowed  to  remain 
in  the  pit  or  cylinder  until  the  excavation  was  oomplel  idly,  Thai  it 

id  was  equally  effective,  al  any  depth,  wil 
111  th  >rking  ;  Thirdly,  That 

was  i  lined  by  any  other  method ;  And  lastly, 

'■t  out  of  order,  whilst  ii  -.  action  was  always  in  tbi 
perpendicular   line,  and  the  expense  attending  its  wv\'.. 
•acn  were  n 


At  the  Monthly  Ballot,  the  following  Candidates  were  balloted  for  and  duly 
elected  as  members  :  Messrs.  W.  J.  Forrest,  J.  Johnson,  H.  N.  Maynard,  and  E. 
B.  Scott ;  as  Associates,  Messrs.  C.  Barnard,  J.  H.  Blake,  H.  Chubb,  A.  D.  Fox, 
R.  A.  Robertson,  Majon  J.  H.  M.  S.  Steward  R.E.,  Captain  E.  T.  Thackeray,  V.C., 
R.E.,  and  Mr.  F.  Turner. 

It  was  announced  that  the  Council,  acting  under  the  provisions  of  Section 
IV.  of  the  Bye  Laws,  had  recently  admitted  as  Students  of  the  Institution, 
Messrs.  J.  G.  Barton,  H.  M.  Bell,  H.  W.  Dallas,  T.  Inman,  S.  Moyle,  and  H.  0. 
Smith. 


AMERICAN  LOCOMOTIVES  AND  ROLLING  STOCK. 
By  Mr.  Zeeah   Colbces,  M.  Inst.  C.E. 

It  was  remarked  that,  in  construction  and  working,  the  American  railways 
represented  little  more  than  a  modified  application  of  English  practice.  When 
the  systems  of  the  railway  machinery  of  the  two  countries  were  compared,  many 
of  the  differences  which  first  struck  the  eye  were  found  to  be  external 
rather  than  fundamental ;  and  so,  too,  many  of  the  peculiarities  of  con- 
struction now  retained  in  America  were  due  to  the  initiative  of  English 
Engineers. 

Pursuing  the  history  of  the  introduction  of  locomotives  into  the  States,  it 
was  observed  that  the  first  two  worked  in  America  were  made  in  England,  iu 
1828,  one  by  Mr.  George  Stephenson,  the  other  by  Mr.  J.  U.  Rastrick.  In  the 
same  year  the  Engineers  of  the  then  contemplated  Baltimore  and  Ohio  Railroad 
visited  this  country,  when  Mr.  Robert  Stephenson  suggested  to  them,  what  was 
now  the  distinguishing  feature  of  all  American  railway  rolling  stock,  viz. :  tho 
bogie,  to  be  applied  to  the  engines  intended  to  work  round  curves  of  6  chains 
radius,  at  that  time  proposed  to  be  adopted.  The  bogie,  which  had  grown  out 
of  William  Chapman's  invention  of  1812,  was  then,  Mr.  Stephenson  stated,  in 
regular  use  upon  the  quays  of  Newcastle.  Having  regard  to  the  character  of 
the  lines  first  constructed  in  the  States,  it  was  essential  that  the  locomotives 
should  be  light  and  cheap,  and  the  first  engines  made  there  between  1830  and 
1832,  weighed  only  from  3itons  to  4  tons.  Some  of  the  English  built  engines 
imported  at  about  that  time  had  their  leading  wheels  removed,  and  a  swivelling 
bogie  substituted.  The  bogie  was  not,  however,  exclusively  employed.  Consid- 
erable numbers  of  engines  made  by  Messrs.  Stephenson  and  Co.,  Messrs.  Bury, 
Curtis,  and  Kennedy,  Messrs.  George  Forrester  and  Co.,  and  Messrs.  Braithwaite 
and  Co.,  were  afterwards  imported  aud  worked  as  originally  constructed  ;  and 
as  late  as  1855,  at  least  one  hundred  locomotives  of  English  construction,  or 
made  almost  exactly  upon  Messrs.  Stephenson's  plans,  couid  have  been  couuted 
at  work  iu  the  States.  For  many  years  wood  only  was  employed  as  fuel,  and 
as  it  produced  great  quantities  of  sparks,  as  annoying  to  passengers  as  they 
were  dangerous  to  goods,  much  ingenuity  was  directed  to  the  problem  of 
separating  and  withholding  them  from  the  escaping  smoke  and  steam  ;  and 
the  voluminous  'spark  arresters'  were  very  successful  in  this  respect,  while 
they  gave  also  an  individuality  to  the  engines.  Again,  the  rigours  of  the 
American  winters  compelled  the  adoption  of  some  kind  of  shelter  for  the 
eugincinen  and  firemen  ;  and  this  was  afforded  by  the  bulky,  and  often  extrava- 
gantly painted,  '  cabs,'  which  imparted  a  novel  appearance,  but  without  in  any 
way  affecting  the  principles,  or  economical  conditions  of  working,  of  tho 
engine. 

As  high  speeds  were  seldom  attempted  upon  the  early  American  lines,  the 
greatest  steam  tractive  power  was  sought  and  obtained,  both  by  working  high- 
pressure  steam  and  by  employing  driving  wheels  of  small  diameter.  Thus, 
although,  in  1835,  the  English  built  engines,  and  those  copied  from  them,  were 
worked  at  oOlbs.  pressure,  aad  had  o-feet  driving  wheels,  it  was  not  long  before 
American  practice  settled  upon  'JOlbs.  to  lOOlbs.  pressure  and  4-fcet  or  even 
3-fcct-8-inch  driving  wheels.  It  was  soon  found,  however,  that  tho  adhesion 
weight  upon  a  single  pair  of  wheels,  necessary  to  work  up  this  increased  steam 
tractive  force,  was  too  great  for  the  strength  of  the  way,  and  coupling  was  then 
resorted  to  ;  and  now,  with  the  exception  of  a  few  light  tank  engines  on  branch 
lines,  there  was  not  probably  an  engine  in  the  States  having  single  or  uncoupled 
driving  wheels.  Four  tons  might  be  said  to  have  been  the  maximum  per  wheel 
lor  many  years,  while  three  tons  was  the  more  usual  average.  Compensating 
levers,  generally  made  of  long  steel  springs,  were  now  employed  on  all  American 
■  I  whereby  the  weight  was  not  only  equalised  between  the  coupled  wheels, 
but  the  effect  of  a  jolt  upon  one  pair  was  divided  and  distributed,  through  the 
springs  and  levers,  upon  the  other  pair.  For  some  years,  too,  the  hearings  ol  the 
ends  ol  the  springs  of  the  coupled  wheels  were  made  to  rest  upon  india- 
rubber  blocks. 

The  details  were  then  given  of  several  descriptions  of  ongines  long  worked  on 

the  Baltimore 1  Ohio  and  I U  Ming  railroads,  as  well  as  of  that  employed  to 

theinolineof  Lin  L6^and  \[  mile  Long,  al  the  Madison  terminus  of  the 
Madison  and  Indianapolis  railway.  Compared  with  English  practice,  in  which 
six  wheeled  coupled  en|  ines  bad  i  tons  to  0  tons  on  a  wheel,  and, 

wheeled  coupled  ei  I  7  tons  on  a  wheel  d  thai  the  sub- 

division oi  weigh)  m  American  un  i  about  half  ■  .  or, 

in  other  words,  tb  two-thirdi  a^  much  woghl 

I,  and  that  thej  thus  required,  for  a  given  total  weight,  hall  as  manj  i 

wheels.      I  mailer  wheels,  this  could  not  he  done  on    any    1 

U  of  Wheel    base;   but    none  Of  the     Vim' 

a  given,  had  wheels  larger  than  3  foet  li  mchi 

diameter.      Tleie    were  objections    also,   of   nun  h    WI 

nun 

if  ool  milt  v  in  the  diameter 

i 

inch  coupling  bad 

:    their  tj 
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were  of  chilled  cast-iron,  since  replaced  by  steel ;  and  the  former  were  cast,  and 
the  latter  turned,  nearly  or  quite  to  a  cylindrical  form,  or  with  but  little  or  no 
cone.  The  driving  wheels  were  the  middle  pair,  or,  in  the  case  of  an  even 
number  of  pairs,  one  of  the  pairs  nearest  to  the  mid-length  of  the  wheel  base ; 
compensating  levers  were  employed,  and  adjusting  wedges  had  for  some  years 
been  applied  to  the  axle-boxes.  The  coupling  rods,  in  many  cases,  were  made 
without  brasses,  round  steel  bushings  being  fitted  to  circular  eyes  formed  at  the 
exact  required  distance  apart  in  the  ends  of  the  rods.  With  the  exception  of 
the  leading  and  trailing  wheels,  the  coupled  were  generally  fitted  with  plain 
cylindrical  tyres  having  no  flanges.  Outside  coupling  cranks,  necessary  with 
outside  frames,  had  rarely  been  employed,  and  were  never  so  now.  The  coupling 
rods  were  counterweighted  within  the  wheels  themselves,  no  attempt  being  made 
in  inside  cylinder  engines,  to  set  off  their  weight  against  that  of  the  cranks  and 
attached  parts.  In  other  words,  the  coupling  pins  of  the  driving  wheels  were 
coincident,  on  each  side  of  the  engine,  with  the  position  of  the  crank  in  inside 
cylinder  engines,  and,  of  course,  necessarily  so  in  outside  cylinder  engines. 
The  experience  of  American  locomotive  engineers  had  been  to  the  effect  that 
with  this  arrangement,  which  was  the  opposite  of  English  practice,  the  axle 
boxes  wore  more  uniformly,  and  that  there  was  less  '  knocking '  where  a  little 
play  in  the  horn  plates  had  once  begun.  And  lastly,  the  length  of  the  crank 
being  one-half  the  radius  of  the  small  coupled  wheels  employed,  any  inequality 
in  the  length  of  the  coupling  rods  was  attended  with  less  slipping  and  binding 
than  where,  with  larger  wheels,  the  crank  was  but  about  one-third  the  radius 
of  the  wheel. 

The  general  form  of  passenger  engine  now  in  use  in  the  States  was  then 
described.  It  had  in  most  cases  outside  cylinders — indeed  inside  cylinder  engines 
had  not  been  built  for  many  years — and  it  had  invariably  four  coupled  driving 
wheels,  and  a  four-wheeled  bogie.  The  leading  dimensions  of  the  representative 
type  of  passenger  engines  were — cylinders  from  15  inches  to  17  inches  in  dia- 
meter, with  a  length  of  stroke  of  from  6  feet  to  5  feet  8  inches  in  diameter. 
Such  engines  would  exert  a  tractive  force  of  3j  tons  to  4  tons  in  starting,  for 
which  their  adhesive  weight,  assisted  sometimes  by  sand,  was  sufficient ;  and 
thus  they  could  get  quickly  away  from  stations  even  with  trains  of  a  gross 
weight  of  200  tons  or  more.  Economy  of  fuel  had  not  been  studied  to  the  same 
extent  in  American  as  in  English  locomotives  :  the  blast  pipes  of  the  former 
were  smaller,  the  draught  more  forced,  the  back  pressure  greater,  and  less 
expansion  was  attempted  in  the  cylinders,  the  link  motion  being  generally 
arranged  to  cut  off  at  one-third  stroke  as  a  minimum,  and  at  nine-tenths  or 
more  as  a  maximum.  It  was  thus  that  boilers  of  moderate  size  were  made  to 
supply  steam  for  work  equal  to  300  I.  H.  P.,  or  the  exertion  of  upwards  of  2 
tons  of  draught  upon  a  passenger  train  at  a  mean  speed  of  25  miles  an  hour ; 
but  there  was  nothing  remarkable  in  the  consumption  of  from  SOlbs.  to  601bs. 
of  coal  per  mile  in  such  work.  It  was  stated  that  on  the  Pennsylvania  Central 
railroad,  a  line  356  miles  long,  with  gradients  of  1  in  100  and  1  in  55,  the  con- 
sumption of  coal  for  both  goods  and  passenger  trains  amounted  on  an  average  to 
about  701bs.  per  train  mile,  the  goods  mileage  being  three  and  a-half  times  the 
passenger  mileage.  The  coal  was  of  excellent  steaming  quality,  and  cost  about 
3^d.  in  currency,  or  2^d.  in  coin,  per  train  mile.  At  this  rate  a  difference  in 
consumption  of  241bs.  of  coal  per  mile  would  only  cause  a  variation  of  a  penny 
per  mile  in  the  cost  of  fuel ;  and  it  had  been  argued  that  such  a  waste  was 
better  than  the  alternative  of  employing  an  engine  4  tons  or  5  tons  heavier,  to 
work  with  a  less  rapid  rate  of  combustion,  a  slower  piston  speed,  and  more 
expansively. 

The  goods  engines  were  moderate  in  weight,  had  large  cylinders  and  small 
wheels,  and  drew  heavy  train  at  a  fair  speed  with  a  consumption  of  coal  often 
amounting  to  lOOlbs.  or  more  per  mile.  On  the  Pennsylvania  Central  railroad, 
the  standard  type  of  this  class  of  engine  had  ten  wheels,  of  which  six,  each  4 
feet  six  inches  in  diameter,  were  coupled.  The  whole  weight  of  the  engine  was 
only  31j  tons,  and  of  this  but  23^  tons  rested  on  the  coupled  wheels,  available 
for  adhesion.  The  cylinders  were  18  inches  in  diameter,  with  a  length  of  stroke 
of  22  inches.  With  601bs.  mean  effective  pressure  per  square  inch  upon  the 
pistons,  these  engines  would  exert  a  tractive  force,  less  their  own  internal 
resistances  of  rather  more  than  3J-  tons,  or  about  one  seventh  their  adhesion 
weight,  although  in  starting  a  train,  or  in  ascending  a  gradient,  with  lOOlbs. 
pressure  on  the  pistons,  the  steam  tractive  force  would  be  6  tons,  equal  to 
more  than  one-fourth  of  the  adhesion  weight,  the  efficiency  of  which  would 
then  be  assisted,  when  necessary,  by  sand.  Details  of  the  performances,  of 
some  of  these  engines  were  next  given.  In  one  case,  after  allowing  for  gravity 
8flbs.  per  ton  for  a  train,  engine  and  tender  included,  of  1,040  tons  weight,  the 
total  resistance  would  be  4  tons,  and  thus  the  work  done  on  each  mile  was 
calculated  to  24  H.P.  exerted  for  one  hour ;  and  if  the  estimates  could  be  trusted, 
the  consumption  of  coal  per  H.P.  per  hour  would  not  exceed  from  4j  lbs.  to 
5jlbs.  The  speed  probably  was  not  more  than  15  miles  an  hour,  corresponding 
to  360  H.P.  The  policy  of  American  railway  managers  with  respect  to  goods 
traffic,  as  it  was  also  the  policy  of  the  managers  of  most  of  the  French  lines,  was 
maximum  loads  at  slow  speeds,  involving  a  minimum  resistance  per  ton,  and 
correspondingly  a  minimum  working  expenditure  per  ton. 

No  experiments  upon  the  dynamical  efficiency  of  American  engines  had  been 
made,  so  far  as  the  Author  was  aware ;  but  he  had  run  an  experimental  train 
on  the  Erie  railway,  over  the  whole  length  of  the  line  and  back,  a  total  distance 
of  nearly  900  miles.  The  same  engine  was  employed  throughout  the  run, 
occupying  in  all  nearly  three  weeks,  making  an  average  for  each  week-day  of 
about  50  miles.  The  results  of  these  experiments  appeared  to  show,  that  the 
resistance  of  bogie  rolling  stock,  even  under  disadvantages,  was  less  than  that 
of  English  rolling  stock  as  ascertained  by  the  best  authorities,  and  also  that  the 
ratio  of  adhesion  to  weight  averaged  considerably  more  in  the  States  than  in 
England.  With  respect  to  adhesion,  as  the  surfaces  in  contact  were  iudentical 
with  those  on  English  railways — indeed  the  rails  and  tyres  in  general  use  in  the 
States  were  commonly  of  English  manufacture — and  difference  in  this  respect 
must  be  attributed  partly  to  the  influences  of  climate  and  partly  to  a  better  i 


application  of  sand,  when  necessary  to  increase  the  bite  upon  the  rails.  The 
sand  was  dropped  equally  upon  both  rails,  not  in  intermittent  handfuls  down  a 
pipe  on  one  side  of  the  engine  only,  but  by  means  of  the  hand  gear  and  regulating 
valve  since  adopted  on  the  North  London  railway.  The  experiments  in  question 
were,  no  doubt,  influenced  by  the  favourable  circumstances  of  weather,  and 
something  was  to  be  allowed  also  for  the  great  length  of  train  drawn,  very 
long  trains  having  a  less  tractive  resistance  per  ton  on  a  level  than  short  ones, 
and  something,  possibly  more  than  was  commonly  supposed,  might  have  been 
due  to  the  use  of  oil-tight  axle-boxes,  the  saponaceous  compound  known  as 
'  Railway  Grease '  being  nowhere  in  use  on  railways  in  the  States.  Messrs. 
Guebhard  and  Dieudonne's  experiments,  made  in  1867,  on  the  Eastern  Railway 
of  Prance,  showed  a  considerable  diminution  in  the  resistance  of  oil-boxed 
rolling  stock  as  compared  with  that  fitted  with  grease-boxes. 

Of  the  mechanical  details  of  American  locomotives,  considered  apart  from  the 
details  already  touched  upon,  much  might  be  said.  Tlvsre  were  differences,  and 
they  were  numerous,  but  they  involved  no  important  principles.  The  chilled 
cast-iron  wheel,  however,  for  engine  and  tender  bogies,  and  especially  for 
carriages  and  wagons,  deserved  mention.  No  wrought  iron  wheels,  so  far  as 
the  author  could  learn,  were  now  employed  in  the  States,  unless  in  a  few  cases 
for  engine  driving-wheels ;  and  wrought  iron  wheels,  at  first  exclusively  adopted, 
had  been  wholly  abandoned  on  the  Grand  Trunk  and  the  Great  Western  rail- 
ways of  Canada.  The  cast  iron  wheels  were  not  only  much  cheaper,  but  they 
were  more  durable,  and,  if  not  safer,  were  at  least  equally  safe.  The  wheels 
employed  for  passenger  carriages  were  2ft.  9in.  in  diameter,  and  weighed  5cwt. 
The  bogie  wheels  of  engines,  tenders,  and  goods  wagons  were  generally  2ft.  6in. 
in  diameter,  and  varied  in  weight  from  4cwt.  to  4£cwt.  They  were  cast  of 
spetial  mivtures  of  the  best  qualities  of  iron,  the  requisite  conditions  being  great 
absolute  strength  to  resist  both  sudden  and  progressive  strains,  and  the  pro- 
perty of  taking  a  deep  and  uniform  chill.  But  little  of  the  cast  iron  employed 
for  wheels  had  a  tensile  strength  of  less  than  15  tons  per  square  inch,  and  it 
broke  with  a  fracture,  almost  suggestive  of  fibre,  and  of  a  dark  gray  colour,  but 
when  chilled  of  a  silvery  whiteness.  The  chilled  wheels  ran  from  two  to  six 
and  even  seven  years,  according  to  the  traffic,  before  becoming  so  much  worn  as 
to  require  removal,  representing  a  service  of  from  80,000  miles  to  200,000  miles. 
Engine  driving  wheels  of  from  4ft.  to  5ft.  in  diameter,  had  been  cast  with 
chilled  faces,  thus  requiring  no  tyres,  and  chilled  tyres,  from  4ft.  to  6ft.  in 
diameter,  and  3£in.  thick,  had  been  extensively  and  successfully  employed  at 
fair  rates  of  speed,  say  28  miles  an  hour. 

Wood  was  almost  exclusively  employed  as  fuel,  except  upon  two  or  three  im- 
portant lines  in  the  coal  districts,  until  within  the  last  ten  or  twelve  years. 
Iron  fire-boxes  and  copper  tubes  were  then  generally  adopted ;  but  for  burning 
coal,  steel  fire-boxes  and  iron  tubes  were  now  used.  Of  upwards  of  four  hun- 
dred steel  fire-boxes  in  the  engines  of  the  Pennsylvania  Central  railway,  some 
had  been  in  use  for  six  years  or  more.  The  tubes  were  set  without  ferrules,  and 
very  little  trouble,  as  the  author  was  informed,  was  experienced  either  from 
leaking  or  cracking.  It  was  worthy  of  observation,  that  the  evil  of '  furrowing,' 
by  no  means  uncommon  in  this  country,  was  unknown  in  the  States,  and  no 
other  explanation  appeared  available,  than  that  the  thinner  iron  employed  there 
permitted  of  a  certain  elasticity  in  the  structure  ot  the  boiler,  sufficient  to  pre- 
vent the  localisation  or  accumulation  of  bending  or  other  strains  at  particular 
points,  or  rather  upon  particular  lines  of  resistance. 

What  were  now  understood  as  steep,  or  exceptionally  steep,  gradients  were 
rare  in  the  States.  Some  instances  of  such  were  cited,  and  it  was  mentioned 
that,  in  July,  1836,  one  of  Norris's  engines,  weighing  6tons  84-cwt.,  aud  draw- 
ing behind  it,  including  tender,  a  load  of  8  tons  ll^cwt.,  ascended  an  incline 
near  Philadelphia  of  1  in  14,  and  933  yards  long,  at  an  average  speed  of  15} 
miles  an  hour.  The  nominal  weight  on  the  driving  wheels  was  3jtons,  but  it 
was  believed  that  a  portion  of  the  weight  of  the  tender  was  made  to  bear  upon 
the  foot  plate,  thus  increasing  the  adhesion. 

With  regard  to  the  expense  of  maintenance,  it  was  stated  that  the  average 
cost  of  engine  repairs  in  the  States,  exclusive  of  those  renewals  which  amounted 
to  building  a  new  engine,  might  be  taken  as  a  maximum  at  10  cents  currency 
per  train  mile,  equal  to  3f  d.  in  coin.  Of  this,  the  absolute  difference  in  the  cost 
of  labour  and  materials  would  account  for  nearly  or  quite  Id.,  leaving  2fd.  to 
3d.  as  the  cost  at  English  prices.  Again,  the  manner  in  which  these  repairs 
were  conducted  showed  a  want  of  system  and  organisation,  and  the  shops  were 
not  fitted  with  some  of  the  appliances  considered  essential  in  this  country. 
Whatever  economy  in  repairs  might  attach  to  the  American  engines  was  due, 
after  allowing  for  the  moderate  working  speed,  to  three  causes  only — viz.,  the 
use  of  the  bogie,  of  chilled  cast  iron  bogie  wheels  (which  could  be  renewed  at  a 
cost  of  from  £2  to  £2  10s.  each,  after  allowing  for  the  value  of  the  wheel  taken 
out  as  old  iron),  and  of  steel  or  iron  fire-boxes  and  iron  tubes.  About  twelve 
or  fifteen  years  ago,  the  average  mileage  of  American  engines,  taking  the  full 
stock  of  the  leading  lines,  was  not  above  15,000  miles  yearly — now  it  was 
probably  not  far  short  of  20,000  miles,  and  on  some  lines  it  might  be  even 
more. 

There  remained  the  consideration  of  the  carriage  and  wagon  stock,  with 
reference  to  its  mechanical  peculiarities  and  its  commercial  relation  to  traffic. 
The  earlier  American  carriages  were  made  upon  the  English  model,  but  it  was 
found,  not  only  that  a  short  wheel  base  was  required  for  six  chain  and  nine 
chain  curves,  but  also  that  side  buffers  aggravated  the  difficulty.  The  bogie, 
already  in  use  on  the  engines,  was,  therefore,  adopted  for  the  carriages,  and  it 
was  soon  discovered  that  the  length  of  body  could  be  considerably  increased, 
and  that  the  longer  it  was  the  steadier  it  became.  But  the  long  bodies  pre- 
cluded the  use  of  side  buffers,  and  so  the  central  buffer  with  a  loose  coupling 
took  their  place.  End  doors  afforded  an  obvious  means  of  economy  in  the 
structure  of  the  carriage,  and  left  the  whole  depth  of  the  body  below  the 
window  sills  available  for  any  combination  of  trussing,  most  effective  for  carry- 
ing a  comparatively  long  span.  The  end  doors,  with  a  continuous  passage 
throughout  the  carriage,  afforded  obvious  facilities    for  communication.    The 
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central  passage  passage  required  an  additional  with  of  carriage,  and  from  9ft. 
to  2ft.  6in.  was  a  common  outside  width  ;  while,  in  some  cases,  even  on  the 
narrow  gauge,  a  width  of  more  than  10ft.  had  been  adopted.  These  widths 
allowed  seats  for  four  passengers  across  and  for  the  longitudinal  passage  dividing 
the  seats.  The  seats  had  reversible  backs,  so  that  the  passenger  might  face 
either  way,  the  carriages  running  in  either  direction  without  turning.  It  was 
undeniable  that  the  seating  was  not  so  roomy  and  comfortable  as  iu  an  English 
first-class  carriage,  and  that,  as  compared  with  a  second-class  carriage,  there 
was  a  certain  loss  of  space.  It  was  equally  undeniable  that  such  carriages 
could  never  answer  for  short  traffic  lines,  where  forty,  fifty,  or  more  passengers 
had  to  leave,  and  as  many  more  to  enter  in  a  minute  or  a  minute  and  a  half. 
The  long  body,  however,  with  end  doors  and  platforms,  possessed  obvious 
mechanical  advantages.  Its  length  gave  steadiness,  and  the  depth  below  the 
window  sills  afforded  ample  opportunity  for  providing  vertical  stiffness  without 
undue  increase  of  weight.  There  were  no  cross  partitions ;  there  were  but  two 
doors  where  English  carriages  would  require,  for  the  same  number  of  seats 
according  to  class,  from  twelve  to  twenty-six ;  there  was  much  less  sash  and 
glazing,  while  there  was  at  the  same  time  more  light ;  there  was  an  important 
saving  in  respect  of  draw-springs,  buffers,  buffer-rods,  and  screw  couplings,  and 
there  was  every  facility  for  apptying  brakes,  as  was  always  done  in  the  States, 
to  everj'  wheel  iu  the  train,  either  from  the  platforms  of  the  carriages  them- 
selves or  from  the  engine.  It  was  an  advantage  of  the  long  body,  were  then 
alluded  to,  and  a  description  was  given  of  the  oil-tight  axle-box,  as  well  as  of 
Loughridge's  and  of  Creamer's  continuous  brakes. 

In  comparing  the  cost  of  maintenance  of  American  carriage  and  wagon 
stock  with  that  on  English  lines,  many  considerations  were  to  be  regarded.  To 
say  that  the  cost,  in  1867,  on  the  1612  miles  of  railway  in  the  State  of  Massa- 
chusetts, for  a  train  mileage  of  nearly  ten  million  miles,  was  6.55  cents,  currency 
or  about  2£d.  coin,  per  train  mile,  did  not  permit  of  any  accurate  deductions. 
In  the  States,  the  average  number  of  passengers  continuously  carried  over  the 
whole  distance  made  by  a  train  was  generally  one  half  greater  than  in  Englaud 
although  the  proportion  of  dead  weight  to  live  load  was  probably  nearly  as  high 
as  in  this  country  ;  the  speed  was  less,  and  there  remained  the  fact  that  labour 
and  nearly  all  materials  were  mnch  dearer.  On  the  other  hand,  there  was  a  con- 
siderable saving  in  the  use  of  chilled  cast-iron  wheels,  such  a  thing  as  a  wheel- 
turning  lathe  for  carriage  or  wagon  stock  being  unknown  in  the  States ;  the 
maintenance  of  buffer  and  draw  springs  cost  much  less  ;  the  maintenance  of  the 
carriage  bodies  was  cheaper,  from  their  greater  strength  and  simplicity  of 
structure,  and  from  the  fact  that  there  were  no  side  doors  to  slam. 

One  objection  to  the  use  of  chilled  cast  iron  wheels,  not  referred  to  in  the 
earlier  portion  of  the  paper,  was  that,  being  almost  necessarily  of  the  disc  form, 
their  weight  increased  in  a  ratio  nearly  as  the  square  of  the  diameter,  and  thus 
the  largest  railway  carriage  wheels  yet  employed  in  the  States  were  but  3ft.,  and 
this  size  was  long  ago  discontinued  in  preference  for  2ft.  9in.  In  the  case  of 
cast  iron  spoked  wheels,  the  chill  was  less  hard  opposite  the  ends  of  the  spokes 
than  elsewhere,  and  thus  they  soon  showed  flat  spots. 

It  might  be  mid,  in  conclusion,  that  if  American  railway  practice  were  in  any 
or  many  respects  more  daring  than  that  which  prevailed  in  this  country,  failure, 
if  not  too  often  repeated,  was  regarded  in  the  cousin  country  as  a  misfortune, 
where  here,  unless  it  proceeded  from  causes  absolutely  beyond  prevision,  it  was 
rightly  regarded  as  a  fault,  a  misdemeanour,  or  even  a  crime. 
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"Ox  the  Aniline  ob  Coal  Tab,  Colours." 

By  W.  H.  I'euki*,  Esq.,  F.R.S. 

Lecture  I. 

Coal  Tar,  Benzol,  NitroLenzot,  Aniline,  and  Aniline  Purple  or  Mauve. 

In  this  short  course  of  lectures  it  is  my  desire  to  bring  before  you  a  some- 
what condensed  hist  >ry  of  the  artificial  colouring  matters,  generally  known  as 
the  "  Coal  Tar  Colours."  By  this  designation  it  is  not  meant  to  imply  thai 
colouring  matters  actually  exist  in  coal  tar,  and  may,  therefore,  be  extracted 
from  it,  hut  thatcoal  is  the  source  of  certain  products  which, when  changed  by 
various  ohemical  processes,  are  capable  ofyielding  coloured  derivatives.  You  will 
thus  perceive  that  it  is  important  for  us  to  consider  the  various  means  employed 
to  obtain  the  raw  materials  before  giving  our  attention  to  the  colouring  matters 
themselves.  We  will,  therefore,  at  onoe  proceed  to  the  consideration  of  "  coal 
tar ; "  its  formation  and  constitution. 

Coal  tar  consists  ol  the  oily  Said  formed  by  tbe  destructive  distillation  of 
coal,  and  is  obtained  as  a  econdary  product  in  the  manufacture  of  coal  ga». 
inally,  coal  tar  was  a  neat  nuisance  to  the  lm.  manufacturer,  and  it  was 
often  a  problem  to  linn  what  be  should  do  with  it.  I  need  scarcely  -.i\  that 
this  state  of  things  is  novi  changed,  la  tbe  gas  works  the  coal  is  distil 
large  retorts,  sometimes  26ft.  or  80ft.  in  length.  Thej  are  made  ol  Bre-cl 
iron,  and  several  are  arranged  in  one  furnace,  or  oven,  as  it  is  usually  termed. 

Each  retort  is  titled  with  an  iron  mouth-pin.  ,  from  which  a   vertical  tubl 

the  mouth-piece  also  having  a  door  fastened  with  a  cross-bar  and  screw. 

When  in  use  these  retorts  are  rapidly  tilled  with  coal  by  moans  ol  s  proper 
scoop,  and  then  thc>  doors  Uted  and  fixed  »o  as  to  be  air-tight.  Distillation 
commences  immediately,  »>  the  retorts  are  constantly  kept  red  hot.    'i ; 

and  other  products  which  form,  pass  no  the  front   I  BOted   With 

the  mouth-piece),  through  B  bend,  and  down  into  a  long  horizontal  tube,  <  ailed 


the  "  hydraulic  main."  Here  most  of  the  oily  products  condense,  and  as  they 
accumulate  pass  on  with  the  gas  down  the  general  main,  and  flow  into  a  tank 
provided  for  their  reception.  These  oily  products  constitute  "  coal  tar."  The 
coal  gas,  leaving  this  tar  behind,  passes  on  to  the  condensers,  and  deposits  a 
second  but  smaller  quantity  of  tar,  and  is  then  purified  and  stored  in  the  gas- 
holders.   The  gas,  however,  does  not  interest  us  now. 

I  am  here  distilling  some  coal  in  a  small  glass  retort,  the  beak  of  which  is 
inserted  into  one  of  the  openings  of  a  three-necked  receiver.  The  second  open- 
ing is  connected  with  the  tube,  so  that  the  gaseous  products  may  he  examined, 
whilst  the  third  and  lower  one  is  fitted  to  a  small  bottle,  in  which  you  see  we 
have  already  obtained  a  quantity  of  an  oily  fluid.    This  is  our  coal  tar. 

Having  now  seen  how  coal  tar  is  produced,  we  will  consider  of  what  it  con- 
sists. Coal  tar  is  by  no  means  a  definite  body,  but  contains  a  great  number  of 
different  substances,  as  a  glance  at  the  following  table  will  show  i — 

Table  I. — Products  of  the  Distillation  of  Coal. 


Hydrogen 

Marsh  gas  (hydride  of  methyl) 

Hydride  of  hexyl    

Hydride  of  octyl     

Hydride  of  decyl    

01  efiant  gas  (.ethylene)  

Propylene  (tritylene) 

Caproylene  (hesylene)   

(Enanthylene  (heptylene) 

Paraffin     

Acetylene 

Benzol 

Parabenzol   

Toluol    

Xylol 

Cumol   

Cymol   

Napthalene  

Paranapthalene  (anthracene) 

Chrysen    

Pyren    

Water   

Hydrosulphuric  acid  

Hydrosulphocyanic  acid    

Carbonic  oxide    

Carbonic  anhydride 

Bisulphide  of  Carbon    

Sulphurous  anhydride    

Acetic  acid    

Carbolic  acid  (phenol)    

Cresylic  acid  (cresol) 

Phlorylio  alcohol  (phlorol)    ... 

Rosolic  acid 

Brunolic  acid  

Ammonia  

Aniline 

Pyridine   

Picoline 


Formula. 

Boiling 

point 

Centigrade. 

HH 

(CH3)H 

(CCHI3)H 

65 

(C8H17)H 

106 

(C10H21)H 

158 

C2H4 

C3H0 

CeHii 

55 

C^Hu 

99 

Cm  H» 

CjH; 

CijHfl 

80-8 

CfjHt; 

97-5 

CrHs 

110 

CsHui 

139 

CgHjs 

14S-4 

CnjHi4 

170-7 

Cinlls 

819 

C14II10 

CgrLi 

C.,H, 

.HI0 

100 

!!!!s 

{ A } 8 

CO 

COj 

CS.j 

17 

so, 

—10 

{  c&o  }» 

120 

{ (<■:,'„ }° 

188 

[«&}« 

203 

I  ifjl...  }° 

('.    !! 

{§}» 

it}- 

m 

(CH 

118 

(CH       • 
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Name. 


Lutidine    

Collidine   

Parvolint. 

Coridine    

Kubidine  

Viridine    

Leucoline 

Lepidine    

Cryptidine    

Pyrrol   

Hydrocyanic  acid 


Formula. 

Boiling 

point 

Centigrade. 

(C7H9)'"N 

154 

(C8H„)'"N 

170 

(C9HI3)'"N 

188 

(C10H15)"'N 

211 

(C„H17)"'N 

230 

(C12H19)"'N 

251 

(C9H7)'"N 

235 

(C10H9)'"N 

260 

(C„H„V"N 

256 

(C4H5)'"N 

133 

HON 

26-5 

This  list,  however,  does  not  indicate  all  the  constituents  of  coal  tar,  but  only 
those  which  chemists  have  up  to  the  present  time  succeeded  in  separating  from 
it ;  moreover,  when  we  consider  how  greatly  coal  differs  in  composition,  and  also 
that  the  products  vary  according  to  the  temperature  to  which  the  coal  lias  been 
submitted,  it  is  evident  that  coal  tar  must  be  an  almost  endless  source  of  chemical 
products.  Many  would  perhaps  consider  this  list  a  perfectly  harmless  jumble 
of  names  impossible  to  impress  upon  the  memory ;  but  .fortunately,  chemists 
are  able  to  classify  their  products,  so  that  this  formidable  array  of  substances 
may  be  grouped  under  three  or  four  different  heads  only,  and,  therefore,  their 
their  relationship  being  once  understood,  little  difficulty  is  experienced  in  remem- 
bering their  names. 

Amongst  these  products,  and  at  the  lower  part  of  this  table,  you  will  observe 
a  substance  called  "  aniline."  This  substance  is  of  great  interest  to  us,  being 
one  of  the  principal  sources  of  the  coal-tar  colours.  Aniline  was  discovered  by 
Unverdorben,  in  1826,  amongst  the  products  of  the  distillation  of  indigo,  and 
from  its  property  of  forming  crystalline  compounds  with  acids  was  called 
"  crystalline."  Afterwards  Runge  obtained  it  from  the  distillation  of  coal, 
and,  because  it  gave  a  blue  colouration  with  a  solution  of  chloride  of  lime,  called 
it  "  kyanol,"  or  blue  oil.  Fritzsche,  still  later,  obtained  aniline  by  the  distilla- 
tion of  indigo  with  hydrate  of  potassium,  and  gave  it  its  present  name,  derived 
from  anil,  the  Portuguese  for  indigo.  About  this  time  Zinin  discovered  a  re- 
markable reaction,  by  which  he  obtained  aniline  from  a  substance  called  nitro- 
benzol ;  he  called  it,  however,  benzidam.  The  products  obtained  by  different 
chemists  were  not  at  first  known  to  be  identical ;  and  it  was  not  until  Dr. 
Hofmann  investigated  the  subject  that  they  were  all  shown  to  be  the  same 
body,  aniline. 

Zinin's  process  for  the  conversion  of  nitrohenzol  into  aniline  consisted  in 
treating  the  nitrobeuzol  with  an  alcoholic  solution  of  sulphide  of  ammonium ; 
This  was  greatly  improved  upon  by  Bechamp,  who  employed  a  mixture  of  finely- 
divided  iron  and  acetic  acid,  in  place  of  sulphide  of  ammonium. 

This  is  a  brief  sketch  of  the  history  of  aniline  up  to  the  time  of  the  discovery 
of  the  mauve  dye ;  it  was  then  purely  a  laboratory  product,  and  was  prepared 
in  very  small  quantities  at  the  time,  and  only  when  required  for  scientific 
research.  Chemists  have  always  been  desirous  of  producing  natural  organic 
bodies  artificially,  and  have  in  many  instances  been  successful.  It  was  while 
trying  to  solve  one  of  these  questions  that  I  discovered  the  "  mauve."  I  was 
endeavouring  to  convert  au  artificial  base  into  the  natural  alcaloid  quinine,  but 
my  experiment,  instead  of  yielding  the  colourless  quinine,  gave  a  reddish 
powder.  With  a  desire  to  understand  this  peculiar  result,  a  different  bass  of 
more  simple  construction  was  selected,  viz.,  aniline,  and  in  this  case  I  obtained 
a  perfectly  black  product ;  this  was  purified  and  dried,  and  when  digested  with 
spirits  of  wine  gave  the  mauve  dye. 

You  will  perceive  that  this  discovery  did  not  in  any  way  originate  from  a  desire 
to  produce  a  colouring  matter,  as  is  sometimes  stated,  but  in  experiments  of  a 
purely  theoretical  nature. 

After  showing  this  colouring  matter  to  several  friends,  I  was  advised  to  con- 
sider the  possibility  of  manufacturing  it  upon  the  large  scale,  and  was,  eventually, 
induced  to  make  the  experiment,  though,  I  must  confess,  not  without  considerable 
fear  of  the  result,  especially  as  my  chemical  advisers  set  before  me  anything  but 
encouraging  prospects.  In  starting  this  manufacture,  the  first  difficulty  was  to 
decide  upon  the  source  from  which  aniline  could  be  obtained  at  a  sufficiently 
low  price.  It  was  at  once  evident  that  indigo  was  far  too  costly  a  product  for 
this  purpose.  Attention  was  therefore  directed  to  the  extraction  of  aniline  from 
coal-tar,  but  after  very  numerous  experiments,  it  was  found  that  the  difficulty 
of  purifying  it  was  so  great,  that  it  was  not  practicable  to  prepare  it  a  reasonable 
price  from  this  product.  There  was,  therefore,  but  one  source  left,  namely, 
nitrobenzol ;  but  to  prepare  aniline  from  this  body  necessitated  the  establish- 
ment of  a  new  manufacture ;  nitrobenzol  at  that  time  not  being  a  commercial 
artical,  and  although  it  could  be  produced  in  small  quantities  without  much 
difficulty,  yet  when  tons  were  required  at  a  limited  cost  many  obstacles  presented 
themselves. 

Having  spoken  of  nitrobenzol,  it  will  be  necessary,  before  proceeding  further, 
to  tell  you  something  of  the  body  it  is  prepared  from,  and  also  how  it  is  made  in 
quantity.  Nitrobenzol  is  produced  from  a  derivative  of  coal-tar  called  benzol — 
you  will  see  it  mentioned  in  the  list  of  coal-tar  products.  It  is  composed 
exclusively  of  carbon  and  hydrogen,  aDd  is  therefore  called  a  hydro-carbon. 

Benzol  was  discovered  by  Faraday,  in  1825,  one  year  before  aniline  by 
Unvei'dorben.     Its    xistence  in  coal-tar  was  first  pointed  out  by  Dr.  Hofmann 


in  1845  and  afterwards  Mansfield  showed  that  an  almost  unlimited  supply 
might  be  obtained  from  this  source.  Benzol  is  a  volatile  oil  boiling  at  a  tem- 
perature of  80'8°  C,  nearly  twenty  degrees  lower  than  water,  and  is  also  very 
inflammable,  burning  with  a  smoky  flame.  When  ignited  it  cannot  be  extin- 
guished by  water,  as  it  floats  upon  its  surface.  Its  vapour,  when  mixed  with 
air,  is  explosive.  It  is  also  very  dense.  This  I  can  easily  show  you  by  decant- 
ing a  small  quantity  of  benzol  vapour  several  times  from  one  vessel  into  another 
and  then  igniting  it.  Instances  have  been  known,  wheu  distilling  benzol  in 
large  quantities,  and  some  leak  in  the  apparatus  has  occurred,  so  that  its 
vapour  has  escaped,  that  it  has  run  along  the  ground,  and  been  ignited  by  a 
furnace  situated  thirty  or  forty  feet  distant,  and  instantly  run  back  to  the 
apparatus.  To  illustrate  this  I  will  pour  some  benzol  vapour  into  the  top  of  a 
slightly  inclined  trough,  fourteen  feet  long,  at  the  lower  end  of  which  is 
placed  a  lamp.  The  vapour  will  be  seen  to  run  gradually  down  till  it  reaches 
the  lamp,  where  it  ignites  and  instantly  rushes  back  to  the  top  of  the  trough. 
One  of  the  most  remarkable  properties  of  benzol  is,  that  when  cooled  down  to 
nearly  the  freezing  point  of  water  it  solidifies  into  a  beautiful  crystalline  mass. 
This  property  of  benzol  is  sometimes  taken  advantage  of  when  it  is  required  in 
a  very  pure  state,  as  the  impurities  which  accompany  it  are  fluid,  and  do  not 
freeze  when  cooled  with  ice. 

Benzol  is  often  sold  under  the  name  of  benzine  collas,  for  the  purpose  of 
removing  grease  from  wearing  apparel.  But  let  us  consider  how  benzol  is 
separated  from  the  great  number  of  products  with  which  it  is  associated  in 
coal-tar.  The  first  operation  consists  in  distilling  the  coal-tar  just  as  it  comes 
from  the  gas-works,  in  large  stills,  holding  one  or  two  thousand  gallons  each ; 
these  are  often  made  of  old  steam-boilers  ;  at  first  very  volatile  and  light  oily 
products  come  over,  and  are  collected  until  their  density  increases  to  such  an 
extent  that  they  no  longer  float  upon  water.  These  constitute  crude  coal-tar 
naphtha.  The  distillation  is  then  carried  on,  and  heavy,  or,  as  they  are 
technically  termed,  "  dead  "  oils,  are  collected,  a  residue  of  common  pitch  being 
left  in  the  still.  This  pitch  is  generally  run  out,  and  cast  into  blocks  ;  but 
sometimes  the  distillation  is  carried  on  after  the  dead  oils  have  been  obtained, 
when  a  mixture  of  solid  oily  products  distils,  nothing  but  a  kind  of  cake 
being  left  behind.  These  latter  substances,  however,  do  not  interest  us 
now. 

The  light  oil,  or  crude  coal  tar  naphtha,  is  then  purified  by  one  or  two 
alternate  distillations  with  steam  and"  treatments  with  concentrated  sulphuric 
acid.  It  is  thus  rendered  a  colourless  fluid.  Thus  purified,  coal  tar  naphtha 
contains,  besides  benzol,  at  least  four  or  five  other  bodies.  These,  however, 
mostly  differ  from  benzol  in  being  less  volatile ;  therefore,  the  naphtha  is  again 
distilled,  the  first,  or  more  volatile,  portions  only  being  collected  for  benzol. 
By  repeating  this  process  of  fractional  distillation  several  times  commercial 
benzol  is  obtained.  Some  manufacturers  employ  stills  of  a  peculiar  construc- 
tion, which  enables  them  to  obtain  a  good  product  by  a  smaller  number  of  dis- 
tillations. Benzol,  when  treated  with  fuming  nitric  acid  or  aquafortis,  under- 
goes a  remarkable  change.  At  first  the  two  fluids  mix  and  become  of  a  dark 
brown  colour  and  slightly  warm,  in  the  course  of  a  few  momants  red  fumes 
appear,  and  the  mixture  enters  into  ebullition.  During  this  violent  action  the 
colour  of  the  liquid  becomes  lighter  and  ultimately  changes  to  orange.  If 
water  be  now  added  to  this  product,  the  benzol,  which  is  such  a  light  body, 
will  be  seen  to  have  completely  changed  into  a  dense  yellow  oil  sinking  in 
water.  This  oil  is  nitro-benzol.  Nitro-benzol  was  discovered  in  1834,  by 
Mitscherlich.  It  solidifies  into  a  crystalline  mass  at  a  ternperatnre  of  about 
3°  C. ;  its  odour  is  like  that  of  the  oil  of  bitter  almonds,  and  before  the  intro- 
duction of  coal  tar  colours  it  was  made  in  small  quantities,  and  sold  under  the 
name  of  essence  de  Myrbane,  for  the  purpose  of  scenting  soap. 
From  the  energy  with  which  benzol  is  attacked  by  fuming  nitric  acid,  nitro- 
benzol at  first  appeared  to  be  a  most  difficult  product  to  manufacture  on  the 
large  scale,  and  this  difficulty  seemed  the  greater  when  it  was  found  necessary 
that  it  should  be  made  at  a  moderate  cost.  Moreovor,  at  the  rime  I  am  now 
referring  to,  fuming  nitric  acid,  sp.  gr.  1.5,  could  not  be  obtained  in  the  market, 
or  only  at  such  a  cost  as  almost  to  preclude  its  use.  Under  these  circum- 
stances, two  mixtures  were  experimented  with  instead  of  the  nitric  acid  in  a 
very  concentrated  condition.  The  first  was  a  mixture  of  nitrate  of  sodium  and 
sulphuric  acid,  the  second  a  mixture  of  ordinary  nitric  acid,  sp.  gr.  1.3,  and 
sulphuric  acid.  The  mixture  of  sulphuric  acid  and  nitrate  of  sodium  was  pre- 
ferred, and  employed  on  the  large  scale. 

Fig.  1. 


The  first  apparatus  used  in  the  manufacture  of  nitro-benzol,  for  the  prepara- 
tion of  anniline  for  the  mauve  dye,  is  shown  in  Fig.  1.     It  consisted  of  a  large 
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cast-iron  cylinder,  a,  fitted  with  a  stirrer,  b,  and  closed  with  a  door,  c,  fastened 
by  a  cross-bar  and  screw,  d.  This  cylinder  was  capable  of  holding  between 
thirty  and  forty  gallons.  It  was  provided  with  two  necks  e  e,  one  for  the  intro- 
duction of  the  benzol  and  sulphuric  acid,  which  were  supplied  through  a  syphon 
tube  ;  the  other  for  the  exit  of  nitrous  fumes.  This  last  was  connected  with  an 
earthenware  worm,  to  condense  any  benzol  which  might  be  violatised  by  the 
heat  of  the  re-action.  The  nitrate  of  sodium  was  always  introduced  into  the 
cylinder  before  the  door  was  fastened  up  and  luted.  Until  the  preparation  of 
nitro-benzol  was  understood,  there  was  a  great  amount  of  uncertainty  in  its 
manufacture,  and  several  explosions  occurred,  but  fortunately  without  causing 
any  injury  to  the  workmen  attending  the  apparatus.  These  explosions 
originated  generally  from  the  liberation  of  too  much  nitric  acid  from  the  nitrate 
of  sodium,  by  the  sulphuric  acid,  before  the  formation  of  nitro-benzol  had  begun 
so  that  when  it  started,  the  chemical  action  set  in  with  such  energy  that  an 
explosion  ensued.  After  a  few  of  these  unpleasant  occurrences,  however,  suffi- 
cient experience  was  obtained  to  get  the  manufacture  under  control.  Apparatus 
of  a  much  more  extensive  character  has  since  been  substituted  for  the  cylinders. 
In  Figs.  2  and  3  you  get  a  view  of  the  apparatus  now  used  in  England  for  the 
manufacture  of  nitro-benzol. 


The  p'-ocess  of  preparing  nitro-benzol  with  a  mixture  of  sulphuric  acid  and 
nitrate  of  sodium  in  place  of  nitric  acid,  may  be  carried  on  very  well  in  this 
apparatus,  provided  sufficient  sulphuric  acid  be  employed  to  produce  an  acid 
sulphate  of  sodium,  as  this  will  be  found  quite  fluid  at  the  close  of  the  operation, 
and  can  be  freely  run  out  at  the  small  outlet.  A  mixture  of  strong  nitric  acid 
and  sulphuric  acid  is  now  usually  employed  for  the  conversion  of  benzol  into 
nitro-benzol.  In  working  by  this  latter  method  the  entire  charge  of  benzol  is 
first  introduced  though  the  large  opening  in  the  lid  ;  this  is  then  closed  and  the 
stirrer  set  moving  ;  the  nitric  and  sulphuric  acids  are  then  cautiously  run  in 
through  the  small  pipes,  care  being  taken  not  to  add  too  much  nitric  acid,  until 
the  red  fumes  begin  to  appear.  After  all  the  charge  of  acids  has  been  added, 
and  the  reaction  has  perfectly  ceased,  the  product  is  drawn  off.  At  first  a 
mixture  of  sulphuric  and  nitric  acids  runs  out,  and  then  the  nitrobenzol ;  this 
is  collected  separately  and  purified,  first  by  agitation  with  water,  and  then 
rendered  perfectly  neutral  by  means  of  a  dilate  solution  of  soda.  Should  it 
contain  any  unconverted  benzol  this  may  be  distilled  off  by  means  of  steam. 
On  the  Continent  manufacturers  do  not  appear  to  have  succeeded  well  in 
manufacturing  nitrobenzol ;  when  it  first  became  a  commercial  article,  their 
difficulty  appears  to  have  arisen  from  the  fact  that  they  experimented  in  earthen- 


Fig.  2. 

Thin  apparatus  consists  of  large  cast-iron  pots,  a  a  a,  about  4ft.  6in.  deep, 
and  4ft.  (Sin.  wide  ;  they  are  arranged  in  rows,  and  provided  with  stirrers,  worked 
from  a  shafting  by  means  of  bevel  wheels.  This  arrangement  will  be  seen  from 
the  section,  Fig.  8;  the  covers  of  these  vessels  arc  also  made  of  cast-iron,  and 
are  in  two  pieces  V  b  (Pig.  3)  of  unequal  size,  provided  with  a  tall  rim,  and  K 
arranged  that  cold  water  may  be  kept  circulating  over  their  surface;  this  assists 
in  condensing  the  benzol,  which  would  otherwise  distil  away  by  the  beat  i 
re-action.  Through  the  larger  half  of  the  cover  the  spindle  of  the  stirrer,  <■ 
passes,  and  on  account  of  the  difficulty  of  keeping  a  stuffing  box  in  order  when 
using  the  powerful  chemicals  necessary  in  this  manufacture,  a  kind  of  watcr- 
joint  has  been  substituted.  It  is  necessary  that  il  should  bo  deep  and  rather 
capacious,  as  seen  at  d.  Instead  of  filling  tins  joint  with  water,  which  would 
soon  destroy  the  apparatus,  the  joint  is  filled  with  nitro-i  rt-iron  tube 

e,  passes  through  the  lid  to  carry  away  nitrous  fumes  :  tin,  is  also  cooled, 
to  condense  any  benzol  vapour  which  may  have  SSOeped  Ihe  cooling  action  at  the 
lid;  small  pipes  are  introduced   through    mother   Opening    tor  the   purp 
supplying  the  necessary  chemical-.      Be  ides  tin  lam  opening,  /". 

in  the  smaller  half  of  the  lid,  for  the  purpose  Of*  introducing  any  ol  the  pro 
which  may  be  added  in  large  quantities  at  a  time.  At  the  bottom  ot  the  ' 
vessels  are  openings  for  miming  out  the  finished  product. 


Fig.  3. 

ware  vessels,  which  are  both  dangerous  and  unsuitable,  and  it  was  not  until 
information  was  obtained  from  England,  I  believe,  that  tin  v  were  able^to 
produce  this  body  at  a  moderate  price. 

We  will  now  pass  on  to  the  processes  for  converting  nitrobenzol  into  aniline. 

I  have  already  mentioned  that  Zinin  was  the  Ural  who  disoovered  thai  oitro- 

il    could   be  converted  into   aniline,  or,  as  he  termed   it.    benzidam.      Ho 

consisted  in  treating  an  alcoholic  solution  of  nitrobenzol   with   ammonia 

tlphnretted  hydrogen  ;  but,  although  tbe  discovery  of  this  proossi  was  ono 

of  great  importance  from  inanvjinint-  OfVieW,  StQlitwU  very  tc.li.iu-.  Beohamp. 
however,  found  thai  by  employing  a  mixture  of  acetic  acid'  and   finely  divided 

iron  instead  oi  am ma  and  sulphuretted  hydrogen,  thenitrob  very 

rapidly  converted  into  aniline,  and  this  process  as  been  found  the  beel   vet 

sdfor  manufacturing  aniline  in  large  quantities.    Ifanj  other  reagents 

bave  been  ,,f  sodium,  powdered  zinc  isc,  but  none  of 

them  have  been    found  SO  sdrantOI us   as  iron  and  acetic  aci.l. 

Iii  carrying  ...it   Beohamp  cylinders  like  those  used  for  nitrobei 

1  I  '■■  I  I  w.ic  originally  employed.  The  cylinder  was  act  in  brickwork,  and 
heated  by  means  of  a  -mall  furnace,  iron  borings  were  first  introduced,  and  the 
door  lived  in  its  place  air-tight.  One  neck  was  connect,  .It.,  the  Upper  extremity 
Ol  acaat>iron  worm  by  means  of  a  pipe  culled  an  adapter;    the  second  neck 
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being  fitted  with  a  syphon-tube,  for  the  introduction  of  the  nitrobenzol  and 
acetic  acid.  In  working  on  the  large  scale  it  is  necessary  to  add  the  nitrobenzol 
and  acetic  acid  in  small  quantities  at  a  time,  otherwise  the  reaction  is  so  violent 
as  to  almost  burst  the  apparatus :  by  working  carefully,  however,  there  is  no 
need  to  fear  any  difficulties,  especially  if  the  stirrer  is  well  used.  By  the  time 
ill  the  charge  has  been  introduced,  a  quantity  of  fluid  will  have  distilled  over; 
this  is  returned  into  the  cylinder  and  the  fire  lit,  and  the  aniline  distilled  off. 

The  principal  change  which  has  taken  place  in  this  process  consists  in  using 
high  pressure  or  superheated  steam  for  the  distillation  instead  of  fire,  and 
working  the  apparatus  by  means  of  a  steam-engine  instead  of  by  hand.  In 
Fig.  4  is  shown  a  sketch  of  the  apparatus  now  generally  employed  for  the  pre- 
paration of  aniline, 

Fig,  i. 


-— '  1  '  j      T':  "  """-" 


You  will  observe  that  the  stirrer,  which  is  worked  by  bevel  wheels,  has  a 
hollow  shaft  or  spindle,  a,  as  seen  in  the  section.  This  is  ground  to  an  elbow, 
6,  connected  to  the  steam  main,  c,  and  held  down  by  a  screw,  so  that  when  the 
steam  is  turned  on,  it  passes  through  the  hollow  elbow  down  the  shaft,  and  then 
blows  out  at  the  bottom,  d,  among  the  products ;  and  in  this  manner  the 
aniline  is  volatilized,  and  passes  with  the  steam  through  the  neck,  e,  and  is 
condensed  by  a  worm,  not  shown  in  this  drawing.  Aniline  thus  obtained  is 
generally  redistilled,  and  sometimes  with  a  little  lime  or  caustic  soda,  for  the 
purpose  of  decomposing  a  bodjr  called  acetanilide,  which  is  often  produced  in  the 
manufacture  of  aniline,  especially  if  the  operation's  conducted  over  a  fire  instead 
of  with  steam. 

Commercial  aniline  generally  appears  of  a  pale  sherry  colour  ;  when  chemically 
pure,  it  is  colourless,  but  if  kept  long  it  becomes  quite  brown.  It  possesses  a 
peculiar  odour,  which  is  slightly  vinous  when  the  aniline  is  pure.  It  burns 
with  a  smoky  flame,  but  it  is  not  very  inflammable  ;  its  boiling  point  is  182°  C. 
One  of  its  most  characteristic  re-actions  is  its  power  of  producing  a  blue  or  blue 
violet  colouration  with  chloride  of  lime,  to  which  I  shall  again  have  occasion  to 
refer.  Aniline  differs  entirely  from  benzol  and  nitrobenzol,  being  perfectly 
soluble  in  dilute  acids.  This  is  owing  to  its  being  an  organic  base,  and  forming 
compounds  with  acids.  Thus  with  hydrochloric  acid,  it  forms  hydrochlorate 
of  aniline  ;  with  sulphuric  acid,  sulphate  of  aniline,  &c. 

We  will  now,  in  a  very  rapid  and  general  way,  glance  at  the  chemical  changes 
which  take  place  in  connecting  benzol  with  nitrobenzol  and  aniline. 

Benzol,  as  I  have  already  stated,  is  a  hydrocarbon,  i.e.,  a  body  composed  of 
hydrogen  and  carbon  only ;  it  is  represented  by 

C6  H6 

This  is  treuted  with  nitric  acid,  which  contains. 
HNOj 
The  nitric  acid  acts  upon  the  benzol  and  introduces  its  nitrogen  and   part  of 
its  oxygen,  at  the  same  time  removing  hydrogen  and  forming  water. 
H  N  03  +  C6  H6  =  C6  H5  N  02  +  H2  O 

Nitric  Acid.    Benzol.        Nitrobenzol,      Water. 
Nitrobenzol,  when  treated  with  iron  and  acetic  acid,  is  converted  into   aniline 
by  the  influence  of  hydrogen  gas,  in  what  is  termed  the  nascent  state,  or  the 
peculiar  condition  in  which  it  is  when  being  liberated  from  a  compound. 

This  hydrogen  unites  with  the  oxygen  of  nitrobenzol  and  removes  it  as  water, 
and  at  the  same  time  two  atoms  of  hydrogen  combine  with  the  deoxygenated 
nitrobenzol,  forming  aniline. 

C6  H5  N  O2  +  H„  =  C6  H7  N  +  2  H3  O 

Nitrobenzol.  Aniline. 

Having  now  seen  the  various  operations  which  require  to  be  performed  for 
the  production  of  aniline  from  coal  tar,  we  are  prepared  for  the  consideration  of 
its  coloured  derivatives.  We  will,  therefore,  commence  at  once  with  the  first  of 
the  coal  tar  colours,  "  the  mauve  dye."  I  hare  already  given  you  the  history  of 
its  discovery  ;  I  will  now  tell  you  how  it  is  made. 

First  of  all  aniline  and  sulphuric  acid,  in  the  proper  proportions  for  the  for- 
mation of  sulphate  of  aniline,  are  mixed  in  a  large  vat  with  water,  and  boiled 
until  perfectly  dissolved.  Bichromate  of  potassium  is  then  dissolved  in  a  second 
large  vat.  These  two  solutions,  when  cold,  are  mixed  in  a  third  and  still  larger 
vessel,  and  allowed  to  stand  one  or  two  days.  In  this  way  a  large  quantity  of 
a  fine  black  precipitate  is  formed ;  this  is  collected  upon  shallow  filters,  well 
washed  with  water,  and  then  dried.  When  dry  it  is  a  most  unpromising 
sooty-black  powder,  and  contains  various  products  besides  the  mauve ;  the 
most  troublesome  of  these  is  a  brown,  resinous  product,  soluble  in  most  of  the 
solvents  of  the  colouring  matter  itself. 

At  first  this  resinous  substance  was  removed  by  digestion  with  coal  tar 
naphtha  previously  to  the  extraction  of  the  colouring  matter,  which  was 
afterwards  effected  with  methylated  spirits  of  wine,  and  the  solution  thus 
obtained  when  distilled  left  the  mauve  as  a  fusible  bronze-coloured  mass. 

When  digesting  the  black  precipitate  with  naptha  or  strong  spirits  of  wine, 
the  operation  had  to  be  performed  in  closed  vessels  under  pressure  or  in 
connection  with  a  condensing  arrangement,  otherwise  large  quantities  of  thes» 
valuable  solvents  would  have  been  lost,  and  great  difficulty  was  experienced  in 
getting  apparatus  perfectly  tight,  on  account  of  the  "  searching  "  character  of 
these  fluids.  Substitutes'  had  also  to  be  found  for  the  ordinary  materials 
employed  by  engineers  for  making  good  manhole  joints,  and  a  number  of  other 
matters  which  are  apparently  of  but  small  importance,  but  it  is  remarkable 
the  amount  of  difficulty  and  annoyance  they  caused.  The  method  of  extraction 
has,  however,  been  materially  improved  upon  by  substituting  dilute  methy- 
lated spirits  of  wine  for  strong,  as  this  weaker  spirit  dissolves  only  a  small 
quantity  of  resinous  matter  but  all  the  colouring  matter,  so  that  the  digestion 
with  coal  tar  naphtha  is  now  found  unnecessary. 

The  solution  of  the  colouring  matter  in  dilute  spirit  is  placed  in  a  still  and 
the  spirit  distilled  off,  the  colouring  matter  remaining  behind  in  aqueous 
solution ;  this  is  filtered  and  then  precipitated  with  caustic  soda.  It  is  afterwards 
collected  on  a  filter,  washed  with  water,  and  drained  until  of  a  thick  pasty 
consistence,  and,  if  necessary,  dried.  ».■-'■ 

The  solid  mauve  dissolves  very  freely  in  spirits  of  wme,  forming  an  intensely 
coloured  solution ;  it  is  also  soluble  to  a  small  extent  in  water,  but  the  aqueous 
solution  on  cooling  forms  a  kind  of  jelly. 

The  formation  of  the  mauve  or  aniline  purple  by  the  action  of  bichromate  of 
potassium  upon  sulphate  of  aniline  is  a  process  of  oxidation,  and  since  the 
publication  of  the  original  specification  at  the  Patent  Office  a  great  number  of 
patents  have  been  taken  out  for  the  preparation  of  this  colouring  matter,  in 
which  the  bichromate  has  been  replaced  by  other  oxidizing  agents,  as  peroxide  of 
manganese,  chloride  of  copper,  &c. ;  hut  I  need  not  make  any  special  remarks 
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upon  these  various  processes,  as  experience  has  shown  that  bichromate  of 
potassium  and  a  salt  of  aniline,  the  reagents  first  proposed  possess 
advantages  over  all  others,  and  are  now  nearly  universally  employed  for  the 
preparation  of  aniline  purple.  The  next  best  process  appears  to  be  that  of 
Dale  and  Caro,  in  which  chloride  of  copper  is  employed. 

The  affinity  of  aniline  purple  for  silk  or  wool  is  very  remarkable,  and  if  I  take 
some  wool  and  pass  it  through  a  solution  of  mauve,  you  will  see  how  rapidly  it 
absorbs  it,  even  from  a  very  dilute  solution.  Aniline  purple  is  sent  into  the 
market  in  three  different  conditions,  in  paste,  in  solution,  and  in  crystals  ;  but 
the  latter  are  very  rarely  employed,  as  they  are  very  expensive  and  do  not  offer 
corresponding  advantages  to  the  consumer. 

The  mauve  is  the  most  permanent  coal-tar  purple  known,  especially  with 
respect  to  its  power  of  resisting  the  action  of  light. 

I  will  now  endeavour  to  give  you  some  idea  of  the  approximate  amount  of 
the  various  products  we  have  considered  obtainable  from  lOOlbs.  of  coal,  and  for 
this  purpose  I  have  arranged  them  in  the  following  table  with  their  respective 

weights : — 

lbs.    ois. 

Coal 100      0 

Coal-tar !°    !2 

Coal-tar  naphtha  0      °h 

Benzol  °      2f 

Nitrobenzol   0      4i 

Aniline   0      -4 

Mauve 0      Oj 

You  see  the  smallness  of  the  amount  of  colouring  matter  obtainable  from 
coal  or  coal  tar  ;  but  there  is  fortunately  one  thing  which,  to  some  extent, 
compensates  for  this,  and  that  is  the  wonderful  intensity  of  this  colouring 
matter.  I  will  illustrate  this  remarkable  fact.  I  have  here  a  large  carboy 
containing  nine  gallons  of  water,  and  will  now  add  to  this  a  solution  containing 
one  grain"of  mauve,  and  illuminate  the  liquid  with  the  magnesium  lamp,  and 
you  see  the  single  grain  has  coloured  this  large  bulk  of  water.  A  gallon  of 
water  contains  70,000  grains,  therefore  nine  gallons  contain  630,000  grains. 
This  solution,  then,  contains  only  one  part  of  mauve  to  630,000  of  water. 

I  have  now  shown  you  the  manifold  operations  which  have  to  be  performed 
before  we  can  derive  the  mauve  from  coal  tar,  and  have  also  mentioned  a  few  of 
the  obstacles  which  had  to  be  overcome  before  its  manufacture  on  the  large 
scale  could  be  accomplished.  "We  have  thus  laid  the  ground  work  of  our  subject, 
and  in  our  next  lecture  I  hope  to  tell  you  a  little  more  about  mauve,  and  then 
give  an  account  of  the  many  other  colouring  matters  of  which  it  may  be 
considered  the  parent. 

Lectube  II. 
You  will  remember  that  in  my  last  lecture  we  went  over  all  the  various  steps 
between  coal  and  colour.  We  saw  how  coal  tar  was  produced  from  coal ;  how 
coa!  tar,  naphtha,  and  benzol  were  separated  from  coal  tar  :  how  nitrobenzol  and 
aniline  were  made  from  benzol,  and  concluded  with  an  account  of  the  preparation 
of  aniline  purple,  or  mauve  from  aniline.  We  will  now  proceed  to  the  study  of 
some  of  the  most  remarkable  properties  of  aniline  purple. 

This  colouring  matter  is  sometimes  supplied  to  consumers  in  a  pure  and 
beautifully  crystalline  condition.  This  product  is  found  to  be  a  salt  of  a 
compound,  chemically  termed  an  organic  base.  This  base  has  been  called 
"mauveine,"  it  is  composed  exclusively  of  carbon,  hydrogen,  and  nitrogen,  in 
the  following  proportions  -.— 

C^ILnNi 

Mauveine,  although  the  base  of  aniline  purple,  when  in  solution  is  not  of  a 
purple  but  of  a  dull  violet  shade,  and  in  the  solid  state  is  a  nearly  black 
crystalline  powder.  The  moment,  however,  mauveine  is  brought  in  contact  with 
an  acid  so  as  to  form  a  salt,  its  solution  changes  to  a  purple  colour.  This 
takes  place  even  witli  that  feeble  acid  carbonic.  I  have  here  a  dilute  solution  of 
mauveine;  you  will  observe  the  dull  violet  colour  it  possesses,  but  if  my 
assistant  only  breathes  through  it  a  few  moments  the  carbonic  acid  of  his 
breath  will  combine  with  it,  and  it  will  acquire  the  ordinary  colour  of  aniline 
purple. 

Mauveine  is  a  most  powerful  chemical  body,  and  will  easily  decompose 
ammoniacal  salts.  This  may  be  readily  seen  if  some  mauveine  be  heated  with 
chloride  of  ammonium  and  a  little  water,  win  11  an  abundance  of  ammonia  gas 
will  be  evolved,  which  can  be  distinguished  not  only  by  its  odour,  but  by  the 
white  fumes  it  produces  with  hydrochloric  acid. 

The  salts  of  mauveine  are  beautifully  crystalline,  and  possess  a  splendid  green 
metallic  lustre.  The  crystallise,!  commercial  product  consists  of  the  acetate. 
Mauveine  possesses  one  of  the  peculiar  properties  of  indigo.  Indigo,  when 
treated  with  reducing  agents,  such  as  a  mixture  of  sulphate  of  iron  and  lime,  uj 
rendered    nearly  and    soluble,    but    this    colourless    indigo,    when 

subjected  to  the  oxidising  influence  of  the  atmosphere,  rapidly  becomes  blue  again. 
I  here  refer  to  the  indigo  vat  so  much  um.,1  by  dyers    Mauveine,  when  treated 
in  a  similar  manner,  is  also  marly  decolourised,  changing  to  a  pale  broi 
yellow  fluid,  but  the  moment  this  is  exposed  to  the  nines  its  original 

colour  far  more  quickly  than  indigo.    This  remarkable  fact  may  be  strikingly 

illustrated  by  boiling  BO  alcoholifl  solution  of  Salt  ol  mauveine  with  a  lew  Strips 
ot  zinc  in  a  sealed  tube  from  which  the  air  has  been  previously  removed.  The 
dark  purple  solution  will  gradually  lose  its  colour,  and  change  to  a  very  pale- 
yellowish  brown  shade. 

1  have  a  tube  containing  some  aniline  purple  decolourised  in  this  manner, 
and  now  if  I  open  it,  the  air  rushes  in  and  the  solution  instantly  assume 
tin'  ordinary  purple  colour. 

Ordinary  indigo  if  quite  insoluble  in  water,  and,  therefore,  its  property  of 
becoming  soluble,  as  well  as  colourless,  when  treated  with  reducing  agents,  1, 
,at  p radical  value,  as  the  dyer,  by  immersing  his  gOOdl  m  tin-  solution 
Of  indigo,  and  then  exposing  them  to  the  oxidising  influence  of  the  an. 


the  colouring  matter  firmly  fixed  in  the  the  fibre  of  his  materials.  But  as 
the  mauve  is  always  soluble  in  water,  this  property  has  not  been  found  of 
an}-  practical  value. 

Aniline  purple,  when  introduced  as  a  dye,  being  the  first  colour  of  its  kind, 
had  to  encounter  many  prejudices,  and,  on  account  of  its  peculiar  nature, 
required  the  adoption  of  new  or  modified  processes  for  its  application.  These 
difficulties,  however,  once  overcome,  its  progress  was  very  rapid.  At  first  it 
was  principally  employed  by  the  silk  dyer  and  printer,  its  application  to  silk 
being  comparatively  easy,  but  it  was  not  used  by  the  calico-printer  till  a  few 
years  afterwards. 

I  distinctly  remember,  the  first  time  I  induced  a  calico-printer  to  make 
trials  of  this  colour,  that  the  only  report  I  obtained  was  that  it  was  too  dear, 
and  it  was  not  until  nearly  two  years  afterwards,  when  French  printers  put 
aniline  purple  into  their  patterns,  that  it  began  to  interest  British  printers. 

It  will  be  seen  that  to  introduce  a  new  coal-tar  colour  after  the  mauve  was 
a  comparatively  simple  matter.  The  difficult}-  in  the  manufacture  of  all  the 
raw  materials  had  been  overcome,  as  well  as  the  obstacles  in  the  way  of  the 
practical  applications  of  an  aniline  colour  to  the  arts. 

We  will  now  turn  our  attention  to  a  colouring  matter  which  has  often 
been  confounded  with  aniline  purple.  I  have  designated  it  as  "  Runge's  blue," 
as  it  was  first  observed  by  Runge.  I  have  mentioned  that  Ruuge,  when  he 
first  obtained  aniline,  termed  it  "kyanol,"  or  blue  oil,  on  account  of  the 
blue-coloured  solution  it  gave  with  chloride  of  lime. 

After  discovering  the  mauve,  I  naturally  made  experiments  with  this  coloured 
product  of  Runge's,  to  see  if  it  contained  aniline  purple,  but  my  experiments 
answered  the  inquiry  in  the  negative.  A  few  years  afterwards,  however,  I 
was  puzzled  by  finding  that  French  manufacturers  were  beginning  to  produce 
aniline  purple  by  the  agency  of  chloride  of  lime  and  a  salt  of  aniline ;  being 
much  occupied  at  that  time,  I  was  unable  to  look  carefully  iuto  the  matter  ; 
and  it  was  not  until  investigating  these  apparently  opposite  results  a  short  time 
since  that  I  was  able  to  understand  them.  I  will  perform  Runge's  experiments, 
and  for  that  purpose  will  take  a  solution  of  hydrochlorate  of  aniline,  and  add 
to  it  a  very  dilute  solution  of  chloride  of  lime  (taking  care  not  to  add  too  much.) 
The  solution  is  now  changing,  and  getting  slightly  opaque ;  by  daylight  it  has 
an  appearance  like  indigo,  but  if  I  render  it  clear  by  the  addition  of  alcohol, 
and  place  it  before  the  magnesium  lamp,  it  is  seen  to  be  of  a  brilliant  colour, 
and  nearly  pure  blue,  quite  unlike  aniline  purple. 

I  have  lately  succeeded  in  obtaining  this  blue  product  in  the  solid  condition, 
by  treating  a  solution  of  hydrochlorate  of  aniline  with  a  dilute  solution  of 
chloride  of  lime,  aud  precipitating  the  resulting  colouring  matter  with  common 
salt;  it  is  thus  obtained  in  an  impure  condition,  aud  may  be  collected  upon  a 
filter  ;  by  treatment  with  cold  ether  or  benzol,  a  large  quantity  of  brown 
impurities  are  separated,  the  colouring  matter  being  left  in  the  solid  condition. 
This  substance  dissolves  in  alcohol,  forming  a  nearly  pure  blue  solution,  and  is 
capable  of  dyeing  silk  a  blue  or  blue-violet  colour. 

An  alcoholic  solution  of  Runge's  blue  behaves  with  caustic  potash  quite 
differently  to  aniline  purple,  it  being  entirely  different,  both  iu  colour  and 
chemical  properties.  But  as  this  colouring  matter  is  produced  by  oxidising 
hydrochlorate  of  aniline  with  chloride  of  lime,  how-  is  it  that  manufacturers 
have  succeeded  in  preparing  aniline  purple  with  the  same  re-agents'.  This 
question  I  find  is  very  easy  to  answer ;  the  manufacturer  has  gone  a  step 
further  and  boiled  his  product.  Now,  if  I  take  a  piece  of  silk  dyed  with 
Runges's  blue,  and,  instead  of  boiling  it,  which  would  wet  it,  and  make  it  difficult 
to  manipulate,  do  that  which  is  equivalent — steam  it — a  very  remarkable 
change  takes  place — Runge's  bluo  being  changed  into  the  mauve.  So,  here  we 
have  cleared  up  the  mystery,  and  find  that  by  the  action  of  chbride  of  lime 
on  hydrochlorate  of  aniline,  we  first  get  Runge's,  blue,  and  then,  by  heating 
this  blue,  we  change  it  into  mauve.  Runge's  blue  is  a  very  unstable  body, 
and  of  no  practical  value,  its  alcoholic  solution  chaugiug  iuto  mauve  in  a  day 
or  two.     This  change  takes  place  directly  by  boiling. 

We  must  now  pass  on  to  another  colouring  matter,  in  name  well-known  to 
all  of  you,  I  mean  magenta,  also  called  roseine,  fuchsine,  aniline  red,  and  various 
other  names.  The  discovery  of  this  body  and  its  manufacture  were  strangely 
dependent  upon  the  source  which  had  been  selected  for  the  preparation  of  aniline 
for  the  mauve.  Had  the  aniline  contained  in  coal  tar,  or  the  aniline  obtained 
from  indigo,  been  employed  for  the  preparation  of  the  mauve,  instead  "I  that 
prepared  from  commercial  benzol,  magenta  and  its  train  of  coloured  derivatives 
would  in  all  probability  have  remained  unknown  to  this  present  day,  from  the 
simple  fact  that  magenta  cannot  be  produced  from  pure  aniline,  a  second  body 
being  also  required. 

You  will  observe,  by  reference  to  the  table  of  coal  tar  products,  that  ne\t  to 

benzol  there  is  a  substance  named  toluol,  a  substance  having  B  boiling  | it  not 

very  much  above  that  of  benzol.  On  this  account  toluol  it  always  contained  in 
commercial  benzol,  and  possesses  most  of  its  properties.  With  nitric  acid  it 
forms  nitrotoluol,  very  similar  to  nitrobenzol ;  with  iron  and  acetic  acid  it  is 
converted  into  a  base,  toluidine,  very  similar  to  aniline,  except  that   it  is  solid 

instead   of  id  Of  liquid,  when  pure.    Therefore,  aniline  prepared  : 

commercial   benzol   always   contains   a   little  toluidine,    and    this   is    ; 

body  requisite  lor  the  formati  ota. 

apparatus  for  the   fractional  distillation  of  coal  tar  naphtha  bus  been 
devisi  l,so  that  its  constituents  may  be  almost  completely  separated  from  1 

1  and  thus  pure  benzol  or  pure  toluol  may  be  obtained.    Having  obt 
these  hydrocarbons,  pure  aniline  and  pure  toluidine  may  be  prepared  and  then 
mixed    in  the  most  mitable  proportions  for   mauul  ita.     This 

1  I,  not  very  generally  employed,  b  :  tbequslitj  of  the  mixture 

■  it    aniline     and    toluidine    IS   del  ■  Tunned    bj   distillation,    BOl   n       the    quale 

which  1  di '•■  1  at  different  '■■ 

BS   aniline  for  the  production   Ol    011  ■  w  '"» 

found  that  it  coula  not  he  produced  dj  perfectl;  pun   mill  ■  pefectly  pure 

line,     but     that   a    mixture    of    these  two    DftSM    yielded   it    111    quantify 
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Magenta  was  apparently  first  observed  by  Natanson  in  18o6,  when  examining 
the  action  of  chloride  of  ethylene  on  aniline,  and  afterwards  by  Dr.  Hermann 
in  1858,  when  studying  the  action  of  tetrachloride  of  carbon  on  aniline,  but 
industrially  the  discovery  of  magenta  was  made  by  M.  Virgum  ot  L,yons  in 
1859,  three  years  after  the  mauve.  M.  Virgum's  process  consisted  in  treating 
commercial  aniline  with  a  fuming  liquid,  called  tetrachloride  of  tin  and  was 
first  carried  out  by  Messrs.  Renard  Brothers,  ot  Lyons.  Since  1859  patents 
have  been  taken  out  for  the  production  of  this  colouring  matter  with  aniline, 
and  almost  all  chemicals  known,  whether  capable  or  incapable  of  forming 
magenta.  I  may  mention  one  process  which  was  extensively  employed,  and  is 
still  used  to  some  extent  in  Germany,  and  that  is  the  method  ot  making 
magenta  with  commercial  aniline  and  nitrate  ot  mercury.  With  care  this 
proress  works  very  well,  and  the  colouring  matter  produced  is  of  good  quality. 
When  first  introduced,  magenta  prepared  by  this  method  was  not  punned,  but 
sent  into  the  market  in  a  crude  form,  so  that  before  using  it  the  dyer  had  to 
extract  it  with  water.  In  the  preparation  of  magenta  by  this  process,  all  the 
mercury  of  the  nitrate  of  mercury  employed  is  recovered  in  the  metallic  state, 
but  although  this  process  may  possess  some  advantages,  yet  the  use  ot  mercury 
salts  is  molt  undesirable,  on  account  of  their  fearfully  deleterious  influence  upon 
the  workmen.  .  .  '     ,  , 

The  process,  which  has  almost  superseded  all  others,  is  that  for  the  use  ot 
arsenic  acid,  as  proposed  by  Medlock,  and  patented  by  him  in  January  1860. 
This  patent  is  notorious  for  the  amount  of  litigation  it  has  caused,  showing  that 
a  patentee  should  not  only  be  a  discoverer  but  a  lawyer,  and  even  more,  and 
able  to  discover  precisely  how  much  to  claim  and  disclaim  in  his  patent,  and 
also  to  arrange  his  specification  so  that  the  intellects  of  the  whole  world  may  not 
be  able  to  discover  a  single  flaw  in  his  description ;  and  it  is  a  common  mis- 
fortune to  inventors  who  wish  to  thoroughly  protect  themselves,  to  find  that 
they  have  claimed  too  much.  .    . 

The  manufacture  of  magenta,  as  now  carried  on,  is  a  very  simple  process ;  it  is 
conducted  in  an  apparatus  somewhat  similar  to  that  represented  by  Fig.  5. 

Fi(f.  5. 
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This  apparatus'  consists  of  a  large  iron  pot,  a,  about  4ft.  diameter,  set  .in  a. 
furnace  of  brick-work ;  it  is  provided  with  a  stirrer,  b,  worked  by  hand.  AU 
the  gearing  for  this  stirrer  is  fixed  to  the  lid,  so  that  stirrer,  lid,  and  all 
may  be  lifted  away  by  means  of  a  crane,  or  other  suitable  apparatus.  There 
is  also  a  bent  tube  fixed  into  the  lid,  and  connected  to  a  condensing  worm, 
d,  by  means  of  a  joint,  which  can  be  made  or  broken  at  pleasure.  In 
preparing  magenta,  a  quantity  of  aniline,  containing  about  25  per  cent,  of 
toluidine,  and  a  nearly-saturated  solution  of  arsenic  acid,  is  introduced  into 
this  apparatus,  and  well  mixed  by  working  the  stirrer  ;  the  proportions  of 
the  materials  are  in  about  the  ratio  of  1  of  aniline  to  1"5  of  a  75  per  cent, 
solution  of  arsenic  acid.  When  these  are  well  mixed  the  fire  is  lighted. 
After  the  product  has  been  heated  for  some  time  water  begins  to  distil  over, 
then  aniline  and  water,  and  lastly  nearly  pure  aniline. 

This  operation  requires  some  hours  for  completion,  and  this  is  determined 
by  inserting  an  iron  rod,  from  time  to  time,  and  drawing  out  a  portion  of  the 
product  for  examination,  as  well  as  by  the  amount  of  aniline  which  distils  over. 
When  the  heating  has  been  completed,  a  steam-pipe  is  introduced  into  the 
apparatus,  and  steam  blown  through  the  fused  mass  ;  by  this  means  an  addi- 
tional quantity  of  aniline  is  separated.  The  lid  is  then  liberated  and  lifted, 
with  the  stirrer,  from  the  apparatus,  and  the  product  left  to  cool  before  it  is 
removed.  A  more  elaborate  and  larger  apparatus  is  sometimes  used,  which 
possesses  considerable  advantages  over  the  smaller  one.  The  iron  pot  is  larger 
and  is  provided  with  an  outlet  at  the  side,  which  is  closed  during  the  opera- 
tion, and  the  shaft  of  the  stirrer  is  hollow  (as  in  the  aniline  apparatus 
described  last  lecture,  Fig.  4),  and  worked  by  steam.  When  the  operation  of 
heating  is  concluded,  steam  is  blown  down  the  shaft,  and  after  the  addition 
of  water  the  product  is  boiled  and  run  out  of  the  outlet  in  the  side  of  the 
pot ;  by  this  arrangement  it  is  unnecessary  to  disconnect  the  lid  of  the  appa- 
ratus, and  the  product  does  not  require  to  be  removed  by  mechanical  means, 
a    with  the  apparatus  previously  described. 

The  crude  product  obtained  by  heating  aniline  and  arsenic  acid,  is  next  trans- 
ferred to  vats,  boiled  with  water  and  filtered.  Common  salt  is  then  added,  which 
precipitates  the  crude  magenta  ;  this  is  collected  and  dissolved  in  boiling  water, 
again  filtered,  and  the  solution,  on  cooling,  deposits  the  colouring  matter  in  the 
crystalline  condition.  This,  when  re-crystallised,  constitutes  commercial  magenta. 
(To  be  continued). 


LONDON  ASSOCIATION  OF  FOREMEN  ENGINEERS. 

On  Saturday  the  6th  ult.,  the  ordinary  monthly  meeting  of  members 
took  place  at  the  George  Hotel,  Aldermanbury,  City,  Mr.  J.  Newton,  Royal 
Mint,  president,  in  the  chair.  The  sitting  was  principally  devoted  to 
business  closely  connected  with  the  institution,  and  it  was  very  numerously 
attended.  |  [After  the  confirmation  of  minutes  of  the  preceding  meeting,  the 
nomination  and  election  of  new  members  was  proceeded  with.  These 
latter  operations  occupied  a  considerable  portion  of  the  eveuiug,  for  never 
since  the  formation  of  the  Association  were  the  candidates  for  admission, 
on  any  one  occasion,  so  numerous.  Each  election  is  preceded  by  a  state- 
ment of  the  individual  qualifications  of  the  would-be  associate,  and  then 
an  open  vote  is  taken ;  a  majority  of  at  least  two-thirds  of  those  present 
being  required  to  secure  admission.  The  following  gentlemen  were 
unanimously  elected  as  honorary  members : — Messrs.  George  Waller,  of  the 
firm  of  Burton,  Son?,  and  Waller,  Holland-street,  Blackfriars-road ;  Edward 
R.  Allfrey,  of  the  firm  of  Messrs.  Humphrys  and  Tennant,  Deptford ; 
Richard  Moreland,  sen.,  of  the  firm  of  Moreland  and  Son,  Old-street ; 
James  Shand,  of  the  firm  of  Shand  and  Mason,  Upper  Ground-street ; 
Frank  Ives  Scudamore,  Secretary  General  Post  Office ;  George  Robertson, 
of  Leadeuhall-street ;  ar.d  Thomas  Hall,  of  Bouverie-street.  Mr.  William 
Thorburn,  general  foreman  to  Messrs.  David  Napier  and  Sons,  York-road, 
Lambeth,  was  elected  an  ordinary  member ;  and  Messrs.  T.  Hughes,  J. 
F.  Wolff,  J.  E.  Reed,  H.  Noble,  R.  Wood,  and  J.  Bates,  were  nominated 
in  the  same  category. 

It  now  seems  evident  that  employers  and  employed  are  alike  interested 
in  the  progress  of  tbe  Association,  and  equally  determined  to  promote  its 
interest^..  Under  such  circumstances,  the  institution  cannot  fail  to  increase 
in  influence  and  importance,  and  that  to  an  extent  as  yet  scarcely  calcu- 
lable. In  view  of  this  prosperous  state  of  affairs,  it  was  unanimously 
resolved  that  the  local  habitation  of  the  society  should  be  transferred  to 
more  commodious  quarters,  namely,  the  City  Terminus  Hotel,  and  where 
its  future  sittings  will  therefore  be  held.  It  was  also  announced  tha^ 
Professor  Tyndall  would,  in  all  probability,  deliver  an  inaugural  and  scientic 
lecture  before  the  associated  foremen,  at  their  new  rooms,  on  the  evening 
of  Saturday  next,  April  the  3rd. 


ROYAL  GEOGRAPHICAL  SOCIETY. 

At  the  evening  meeting  of  this  society  on  the  8th  ult.,  Sir  Andrew  S. 
Waugh  in  the  chair,  a  paper  was  read  by  Dr.  W.  A.  Bell,  jun.,  "On  the 
Basin  of  the  Colorado  and  great  Basin  of  North  America."  The  com- 
munication proved  to  be  of  great  interest,  and,  together  with  the  further 
description  given  by  Dr.  Bell,  in  answer  to  questions  of  members,  was 
listened  to  with  marked  attention  by  a  large  audience.  The  author  while 
travelling  in  North  America  joined  the  Survey  Expedition  despatched  by 
the  Union  Pacific  Railway  Company  to  determine  the  best  route  for  a 
southern  line  of  railway  through  New  Mexico  and  Arizona  to  California. 
In  the  course  of  the  survey  the  author  traversed  the  western  part  of  America 
between  the  33rd  and  31st  parallels  of  latitude,  recrossed  the  great  interior 
plateaux  further  north,  and  travelled  through  the  Mexican  province  of 
Sonora  from  north  to  south.  His  paper  was  confined  to  a  description  of 
the  country  between  the  Rocky  Mountains  and  the  Sierra  Nevada  of 
California,  south  of  the  Columbia  river,  which,  he  stated,  was  divisible  into 
two  great  areas,  the  basins  of  the  Colorado  comprising  about  200,000 
square  miles  and  the  great  basin  about  280,000  square  miles.  These  two 
basins  are  separated  on  tbe  south  and  east  by  the  Wahsatch  range  of 
mountains,  which  form  a  belt  60  miles  in  width,  and  the  Colorado  basin  is 
limited  on  the  east  by  the  great  watershed  of  the  continent,  the  Rocky 
Mountains.  The  upper  and  middle  part  of  the  Colorado  region  forms  a 
succession  of  table-lands  rising  higher  and  higher  one  after  the  other,  and 
doomed  to  sterility  by  the  extraordinary  circumstance  of  all  the  rivers 
flowing  through  narrow  chasms  worn  by  the  action  of  their  waters  to  a 
depth  of  thousands  of  feet  below  the  general  surface  of  the  country.  The 
Colorado  flows  for  about  300  miles  through  a  winding  chasm  of  this  nature, 
and  all  its  tributaries  flow  through  branch  chasms.  Their  formation  was 
explained  by  the  erosive  action  of  running  water  throughout  long  ages, 
aided  by  the  scantiness  of  the  rainfall,  which  prevented  the  sides  of  the 
chasm  (or  canons  as  they  are  called)  from  being  washed  down  into  gradual 
slopes.  The  "  Great  Basin  "  was  described  also  as  a  tract  of  desert  country, 
traversed  north  and  south  by  numerous  short  parallel  chains  of  hills.  The 
rainfall  in  this  region  was  not  sufficient  to  enable  the  rivers  to  force 
through  the  barriers  of  their  lake  basins  and  find  their  way  to  the  sea  ;  the 
result  was  numerous  salt  lakes,  of  which  that  occupied  by  the  Mormons 
was  the  largest.  The  "  Great  Basin "  formed  a  great  triangle,  sloping 
from  the  north  gradually  to  its  apex  on  the  Pacific  coast,  in  the  southern 
part  of  California.  The  author  believed  that  this  region  would  eventually 
become  fertile  by  the  application  of  irrigation.  Owing  to  the  Rocky 
Mountains  terminating  at  about  the  35th  parallel  and  the  Mexican  chain 


Apeil  1  1869.] 


THE  ARTIZAN. 


91 


(Sierra  Madre)  commencing  further  to  the  south-west,  the  country  of 
Sonom,  being  thus  exposed  to  the  winds  from  the  Gulf  of  Mexico,  enjoyed 
a  moch  more  humid  climate  and  was  well  watered  aud  fertile.  The  hostile 
Apache  Indians  had  hitherto  prevented  Arizona  from  becoming  settled  by 
the  white  race.  A  most  interesting  section  of  the  American  aboriginal 
race  were  the  Pueblo  Indians,  who  were  of  Aztec  derivation,  and  had 
migrated  northwards,  building  everywhere  large  towns  of  stone  and  adobe 
on  hill  tops,  before  the  Spanish  conquest  of  Mexico.  Dr.  Bell  described 
several  of  the  Indian  towns  and  cities  which  he  saw  on  his  journey. 


ENDURANCE  OF  THE  WOOLWICH   GUN. 

Some  very  interesting  gunnery  experiments  were  lately  carried  on,  to 
try  four  different  systems  of  construction  : — 1.  The  old  Armstrong  pattern  ; 
2,  Frazer's  modified  Armstrong,  with  steel  tube  three  inches  thick,  and 
over  it  one  mass  of  wrought  iron,  coiled  and  welded  ;  3,  Fraser's  also,  but 
with  a  steel  tube  only  two  inches  thick,  the  wrought  iron  exterior  being 
in  two  parts,  the  outer  shrunk  over  the  inner;  4,  Palliser's  heavy  gun 
with  coiled  inner  tube  and  cast-iron  cast  over  the  exterior.  About  600 
rounds  were  fired  with  each,  and  they  remained  sound,  except  the  Palliser, 
which  was  cracked  in  the  tube  near  the  muzzle.  There  the  experiments 
ceased  for  the  time,  but  they  are  now  in  progress  again.  The  guns  are  all 
of  9-inch  calibre.  The  Eraser  gun,  with  thin  steel  tube,  has  since  been 
fired  another  500  rounds  with  battering  charges,  and  remains  perfectly 
serviceable.     The  test  which  it  has  hitherto  endured  is  as  follows : — 

First  400  rounds  with  331b.  charges,  the  vent  being  at  the  rear  of  the 
charge ;  then  200  rounds  with  battering  charges  of  431b.  At  this  stage 
the  gun  was  wanted  for  experiments  at  Shoeburyness,  and  was  re-vented 
for  the  purpose.  There  it  was  fired  14  times  with  431b.  charges.  Before 
continuing  the  test  it  was  decided  to  do  so  with  the  vent  in  the  service 
position.  The  gun  was  accordingly  turned  round  and  vented  in  its 
previous  lower  side.  It  has  just  completed  its  third  series — 500  rounds, 
this  time  all  with  131b.  battering  charges.  From  the  commencement  the 
projectiles  have  always  weighed  2501b.,  the  service  w 

The  gun  has,  therefore,  fired  up  to  this  time  400  rounds  with  301b. 
charges  and  250  projectiles,  and  714  rounds  with  full  battering  charges  of 
431b.  of  English  large-grain  cannon  powder.  This  makes  about  19  tons  of 
powder  and  124$  tons  of  shot.  The  steel  tube  is  worn  at  the  seat  of  the 
shot,  but  remains  in  excellent  condition  for  firing.  No  gun,  either 
English  or  foreign,  of  equal  size  has  endured  so  severe  a  test.  Indeed, 
it  may  be  said  that  no  piece  of  heavy  ordnance  is  ever  likely  to  be  called 
npon  to  stand  such  an  extraordinary  trial  mi  real  service. 


TRIAL    TRIP    OF     A    SCREW     STEAMER     WITH     MORTON'S 
EJECTOR-CONDENSER. 

A  trial  trip  of  a  now  twin  screw  steamer,  fitted  with  Morton's  ejector- 
condeDscr,  took  place  on  Tuesday,  the  15th  nit.,  for  the  purpose  of  testing 
the  applicability  of  this  new  invention  to  marine  purpose*  The  system  of 
condensation  devised  and  patented  by  Mr.  Alexander  Morton,  manager, 
Messrs.  Neilson  Brothers'  Albert  Engine  Works,  Glasgow,  which  was 
described  and  illustrated  in  TlIE  ARTIZAN  for  January  last,  has  during  the 
past  few  months  excited  a  large  amount  of  attention  among  engineers  both 
at  home  aud  abroad,  on  the  Continent,  and  in  America  ;  and  as  it  has  just 
been  applied  for  the  first  time  to  marine  engines  on  board  the  Clyde-built 
steamer  Flora,  the  performances  of  the  steamer  on  her  trial  trip  have  been 
very  anxiously  looked  lirward  to,  especially  by  shipbuilders  and  marine 
engineers.  The  Flora  is  a  twin-screw  steamer,  of  20S  tons  u.\r.,  just  built 
by  Messrs.  T.  1!.  Beatfa  .V  Co.,  Rutherglen,  and  fitted  with  two  high  pres- 
sure engines).  Bhe  was  built  on  speculation,  and  designed  to  have  great 
carrying  power  and  little  draught  of  watt  r.    On  tear  istencc 

of  such    a    commodity    in  the  market,    Mr.   Ingle,    chief  engineer  to  the 

.  immediately  communicated  with  the  builders,  but  expressed  bis  desire 

to  have  condensing  instead  of  high  pi.,  m,  engines.  .Mr.  Morton's  new 
condenser  being  then  talked  of  by  almost  every  .-.,  and 

the  builders  having  the  utmost  Ruth  in  it,  -  mght  them  to  give  it 

a  trial  in  the  vessel  in  question,     Mr.  Ingle  came  from   Rome  to  net 

i.  and  tl Lenaer  in  operation  ■      . 

much  pleased  with  the  work  of  the  condenser,  an  Bedol 

the  principle  on  which  it  was  constructed,  tl  .  have 

el,   and  to  have   her  lit t  ed  »  ith    Mr.  M 
On  Thursday  lost  there  was  a  preliminary  trial  trip  of  the  Flora,  when 
both  the  engines  were  used  as  condensing  engines,    The  re 
trial  was  in  every  sense  of  the   term  far  in  the  new  con- 

denser is  concerned — the  vacuum  produced  i  i  i  L2lbs,  per  square 
inob,  tbe  mean  steam  pressure  being  BOlbs.  per  square  inch,  and  the  re- 
volutions averaging  from  80  to '.«»  per  minute.     With  both  engine 

ling,  however,  it  was  found  that   the  steam    pressure  fell  from  want  of 


draught  in  the  funnel;  but  the  remedy  was  at  hand,  as  such  a  state  of 
things  had  been  looked  for,  and  preparations  had  been  made  in  anticipa- 
tion of  the  same.  By  the  simple  turning  of  a  stop-cock,  one  of  the 
engines  became  transformed  into  a  high  pressure  engine,  as  originally- 
designed,  and  immediately  the  steam  pressure  increased. 

On  Tuesday,  after  some  slight  alteration  had  been  made  in  the  furnaces, 
the  Flora  was  again  subjected  to  a  trial,  both  as  regards  speed  and 
efficiency.  A  number  of  gentlemen  interested  in  the  results  of  the  trial 
were  on  beard,  in  addition  to  Mr.  Ingle,  the  builders  of  the  steamer,  and 
Mr.  Morton.  The  Flora,  well  laden  with  cargo,  attained  an  average  speed 
of  10"3  miles  per  hour  between  Govan  and  Dumbarton,  a  speed  greatly  in 
excess  of  that  which  was  guaranteed  by  the  builders,  and  with  which  Mr. 
Ingle  expressed  himself  highly  satisfied.  The  revolutions  of  the  engiues 
numbered  112  per  minute.  The  Flora  is  one  of  the  several  steamers 
which  Messrs.  Seath  &  Co.,  have  built  on  the  same  model.  By  the  adap- 
tation of  Morton's  ejector-condenser  to  this  steamer  there  is  an  extraordinary 
reduction  in  the  weight  of  the  necessary  machinery,  as  compared  with  that 
of  the  ordinary  system  of  condensation,  and  there  is,  besides,  very  great 
economy  of  space.  The  Flora  is  to  ply  on  the  Tiber,  and  hence  the 
necessity  for  a  light  draught  vessel,  and  one  capable  of  easy  manipulation 
in  a  river  with  numerous  windings.  It  is  curious  to  notice  that  this 
valuable  improvement  in  the  steam  engine  has,  in  respect  of  marine 
application,  been  first  adopted  by  the  smallest  mercantile  marine  in 
Europe — that  of  the  Roman  States. 


MILITARY  ELECTRICITY. 

Mr.  Abel,  F.R.S.,  Chemist  to  tbe  War  Department,  give  on  the  12th 
ult.,  a  very  interesting  lecture  on  "Some  applications  of  electricity  to 
naval  and  military  purposes,''  at  the  Royal  Institution.  The  lecturer  con- 
fined his  remarks  to  the  use  of  electricity  for  land  or  water  mines. 
Franklin  in  1751,  and  Priestly  in  17ii7,  suggested  the  possibility  of  apply- 
ing the  electric  spark  for  the  ignition  of  gunpowder  charges,  but  the  first 
practical  application  was  made  by  the  French  military  engineers  about  30 
years  ago,  after  Yolta  had  discovered  the  properties  of  the  pile  which  bears 
his  name.  Not  long  afterwards  English  military  engineers  employed  the 
same  apparatus  to  destroy  the  Round  Cliff  at  Dover,  and  remove  the 
wreck  of  the  Royal  George.  Since  then  many  instruments  h  rve  been  de- 
vised to  act  either  by  heating  a  piece  of  thin  wire  introduced  into  the  circuit, 
or  employing  a  magnetic  arrangement  to  give  a  spark  which  shall  pass 
through  a  very  sensitive  explosive  composition,  and  so  create  tie'  first  heat 
necessary  to  lire  the  whole  charge.  The  lecturer  rapidly  sketched  the  his- 
tory of  manifold  inventions,  French,  English.  American,  German,  and 
Austrian,  carrying  forward  the  first  idea  t  )  the  point  now  attained,  when  a 
hundred  mines  can  be  exploded  simultaneously  by  electrical  agency.  Mr. 
Abel  himself  designed  one  of  the  best  fuses  tint  has  ever  been  used"  for  the 
purpose.  In  the  Abel  fuse  a  spark,  generated  by  revolving  magnets,  is 
made  to  pass  through  a  mixture  of  subphosphide  of  copper,  BUDSUlphide  of 
copper,  and  potassic  chlorate — materials  which  are  of  high  condtt 
power,  yet  extremely  sensitive  to  the  action  of  the  spark.  This  is 
important,  for  the  electrical  spark  passes  with  such  rapidity  as  frequently 
to  (lash  away  from  it,  without  igniting,  the  compositions  exposed  to  itsaotion 
This  fuse  and  the  apparatus  which  inflames  it  have  long  been  used  for  the 
proof  of  guns  and  experimental  practice.  But  the  most  import  Ult  military 
application  of  the  means  for  exploding  charges  of  gunpowder  or  gun-oo  D 
is,  doubtless,  to  be  found  in  the  employment  of  torpedoes.  The  Buisians 
tried  torpedoes  to  be  fired  by  electricity  during  the  Crimean  war;  but  the 
mines  themselves  were  too  small  and  the  electrical  arrangements  deficient 
in  certainty.  A  far  better  arrangement  was  invented  bj  Baron  eonEbnor, 
of  the  Austrian  Engineers,  and  employed  by  him  in  defending  the 
approaches  to  Venice  in  1859,  and  again  with  further  improvements  in 
1806.  In  neither  of  these  years  was  there  an  Opportunity  lor  tryin. 
new  agenl   in  actual  war;  but  the  Americans  made  much  U(  inical 

and    electrical    t  their   great    struggle.       Many    a   channel    "ay 

blocked  by  them,  many  a  Federal  and  even  a  Confederate  ship  was  blown 
np  by  torpedoes.    A  ,  appointed  to  investigate  this  snbje 

England  has  prepared  a  most  i  irt,  which  is  intended  to  tie  kept 

-.  confidential.     Mr.  Abel  was  ,   to  the  committee,  and  im- 

portant  revelations  "  ted  on   Friday  last;  bat  the  leoturerwaa 

Pul  to  avoid  anything  of  th"  kind.      The  English  system  i  •.   I 

far  develo]  nder  its  in-tan;  application  to  coaal  delem     possible 

in  case  of  threat)  ui  d  attack.     I  he  new  I  irpedoes  can  be  laid  d  iwn  rapidly 
i"  large  nc  tered   sensitive  or  m  isure,  and  fired  by  the 

blow  received  when  the  vet  hem.      Thus,  our  own 

to  an  I  Iro  over  them  when  they  arc  leftOUt  of  circuit;    hut  it  the  enemy's 

fleet  approaches,  tbe  a  i,  in  a  moment,  pine  the  « 

array  of  bidden  mines  in  compli  tat  when  any  oni 

them 

or  blow  a  1  ath  the  water  Una.     Furtfa  teams 

have  l'  testing  cat  >t  any  time  after  .t  ball  I 
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laid  down,  and  as  often  as  may  be  wished.  Numerous  classes  of  officers 
receive  instruction  in  torpedo  warfare,  and  there  can  be  no  doubt  that 
submarine  mines  will  be  hereafter  largely  employed,  both  as  auxiliaries  to 
forts  and  as  protections  to  unfortified  coasts  or  harbours.  In  the  latter 
case  a  few  light  gunboats  or  floating  batteries  must  be  ready  to  prevent 
the  enemy  fiom  fishing  up  and  carrying  away  the  dangerous  inventions. 
Mr.  Abel's  lecture  was  illustrated  by  a  series  of  highly  successful 
experiments. 


THE  REPORT  OP  THE  SPECIAL  COMMITTEE  ON  BREECH- 
LOADERS. 

The  report  on  the  Special  Committee  on  Breech-loading  Rifles  has  just 
been  laid  before  Parliament.  The  proposed  arm  for  the  British  soldier  is 
the  Martini-Henry,  firing  the  Boxer  cartridge  and  Henry  bullet.  The  re- 
port informs  us  as  to  the  course  which  the  competition  took,  the  tests  to 
which  the  selected  arm  has  been  subjected,  and  which  it  has  satisfied,  and 
the  reasons  which  induced  the  committee  to  prefer  it  to  other  systems. 
Taking  the  breech  mechanism  question  first,  it  appears  that  tbe  general 
course  of  the  experiments  to  which  the  rifles  were  subjected  was  as 
follows  : — The  arms  were  carefully  examined,  and  20  or  more  shots  were 
fired  for  rapidity,  sand  was  thrown  over  the  breech  actions  both  open  and 
closed,  and  the  rifle  fired  without  any  cleaning  except  what  would  be  done 
with  the  hand ;  three  cartridges  purposely  damaged  to  ensure  an  escape  of 
gas,  were  fired  to  test  the  safety  of  the  arm  with  imperfect  ammunition. 
If  the  arm  passed  through  these  trials  satisfactorily,  and  if  the  breech  action 
appeared  suitable  for  military  purposes,  it  was  put  through  a  course  of  long 
continued  firing,  being  allowed  to  rust  at  intervals  between  the  days  of 
firing.  The  test  for  rapidity  was  not  applied  merely  for  the  purpose  of 
observing  how  fast  the  arm  would  fire,  but  as  a  test  also  for  simplicity  and 
convenience  of  manipulation.  The  sand  test  was  intended  to  represent  the 
effects  of  dust  or  sand  on  arms  when  used  in  dry  countries,  especially  in 
India.  The  long  continued  firing  and  rust  tests  represent  the  ill  usage 
which  arms  in  war  time  may  have  to  endure.  There  were  65  arms  in  all 
to  be  tried  for  breech  mechanism.  The  tests  applied  were  most  searching, 
and  ultimately  the  guns  were  reduced  to  two — the  Henry  and  the  Martini. 
The  principal  points  to  be  considered  were  safety,  strength,  number,  and 
simplicity  of  parts,  facility  of  manipulation,  cost.  As  to  number  of  parts, 
the  Henry  has  49,  the  Martini  27.  In  simplicity  of  construction,  the  com- 
mittee believe  that  the  Martini  has  tbe  superiority.  As  to  facility  of 
manipulation,  both  systems  appear  to  be  all  that  can  be  desired,  although 
the  absence  of  a  hammer  gives  the  Martini  a  slight  superiority,  and  in  the 
Henry  there  is  the  possibility  of  placing  the  cartridge  over  the  extractor. 
In  cost  of  manufacture  the  Martini  is  stated  to  have  the  advantage. 
Finally,  tbe  committee  prefer  the  spiral  spring  to  the  side  lock,  which, 
from  experience  and  from  evidence,  is  liable  to  become  wood  bound. 
Accordingly  the  committee  decided  on  giving  the  preference  to  the  Martini 
breech  mechanism.  As  regards  the  question  of  barrel,  the  report  is  full  of 
interesting  and  suggestive  matter.  In  the  prize  competition  to  the  Henry 
breech  action  the  prize  was  awarded  in  preference  to  the  Martini,  while  in 
these  trials  the  prize  is  awarded  to  the  Martini.  What  turned  the  scale 
was,  it  appears,  the  cartridge.  In  the  original  trials  this  was  bad  in  the 
case  of  the  Martini,  but  in  the  new  trials  the  cartridge  was  good — thus 
seeming  to  establish  the  point  that  no  system  of  breech  actions  can  be 
considered  independently  of  its  cartridge. 


The   Year  Book  of  Facts.     By  John  Timbs.     London  :  Lockwood  and 

Co.    1869. 
We  have   received  Mr.  Timbs'  usual  annual  resume  of  the  more  striking 
matters  which  appear  in  the  ephemeral  scientific  publications.     The  work 
useful,  inasmuch  as  it  may  in  some  cases  save  the  labour  of  plodding  through 
long  files  of  papers  for  information  on  particular  subjects. 

Of  course  Mr.  Timbs  cannot  be  held  responsible  for  the  opinions  con- 
tained in  the  extracts  of  which  the  "Year  Book"  consists,  but  we  think 
he  might  find  matter  more  interesting  than  such  as  relates  to  the  "  American 
Steam  Man,"  and  Ericsson's  "  Solar  Engine,"  wherewith  to  fill  his  pages, 
both  these  productions  being  ^practicable  to  the  last  degree. 

Mr.  Timbs  inserts  from  the  Times  an  article  upon  the  Hercules,  and  we 
think  that,  as  the  "Year  Book"  is  supposed  to  issue  from  a  scientific 
source,  that  some  revision  should  be  exercised,  or,  at  all  events,  that  the 
errors  which  may  be  discovered  in  views  published  on  the  launching  of  a 
vessel,  after  that  vessel  has  been  tried,  should  be  pointed  out.  It  is  stated 
in  the  article  alluded  to,  that  "  the  Hercules  may  be  summed  up  briefly  as 
being  the  best  ship  the  present  Chief  Constructor  has  yet  added  to  our 
navy."  Be  this  as  it  may,  we  are  inclined  to  regard  the  Hercules  as,  in  the 
present  state  of  science,  a  disgrace  to  our  navy ;  our  reasons  have  been 
given  in  a  previous  number  of  The  Artizan.  In  conclusion,  we  think 
Mr.  Timbs'  work  would  be  still  more  valuable  if  its  matter  received  more 
careful  consideration. 


REVIEWS  AND  NOTICES  OF  NEW  BOOKS. 

Treatise  on   Valve  Gears.     By    Dr.    Gttstav.  Zetjner.     Third   Edition. 

Translated  by  Moritz  Mhller.  London :  E.  &  P.  N.  Spon,  1869. 
This  work  is  a  very  complete  treatise  upon  the  important  question  of  valve 
gears.  Dr.  Zeuner  has  very  thoroughly  investigated  the  laws  by  which 
the  different  classes  of  valve  gears  are  ruled,  and  set  them  forth  in  a 
sufficiently  clear  and  concise  manner,  not  ascending  to  a  higher  class  of 
mathematics  than  is  necessary  to  demonstrate  his  mode  of  treating  the 
subject : — 

The  author  very  truly  observes  that  although  the  trigonometrical 
method  of  designing  valve  gears  has  been  adopted  to  a  considerable  extent 
in  some  continental  countries,  yet  it  has  not  hitherto  found  favour  in 
England,  and  it  may  be  worthy  of  notice  that  the  eminent  inventor  of  the 
link  motion  itself  could  not  have  employed  any  abstract  mathematical 
process  in  preparing  his  designs,  and  since  his  time  the  constructive 
method  of  detailing  valve  gears  has  been  largely  used  as  being  more  simple 
simple  and  certain  than  tbe  trigometrical. 

We  can  however  with  confidence  recommend  Dr.  Zeuner's  work  to  tbe 
notice  of  students,  and  more  especially  to  those  who  enter  the  profession 
after  experiencing  the  academical  curriculum. 


Engineering  Facts  and  Figures  for  1868.     London  and  Edinburgh:   A. 

Ftjllarton  &  Co.,  1869. 
Messrs.  Fullarton  have  in  this  work  produced  a  well  considered 
summary  of  scientific  progress  in  1868.  We  observe  one  or  two  oversights, 
for  instance  "  Boiler  Explosions  "  according  to  the  index  should  be  found 
p.  71,  it  is  commenced  on  p.  72,  and  it  certainly  is  a  most  interesting  and 
instructive  article  and  one  that  deserves  the  most  careful  perusal,  the  illus- 
trations add  much  to  its  value  as  showing  the  various  modes  of  rupture 
which  were  observed  in  the  cases  reported.  We  observe  that  in  this 
epitome  some  space  is  wasted  on  Ericson's  ■'  Solar  Engine," 4)ut  in  other 
respects  we  can  cordially  recommend  the  work  to  the  notice  of  engineers 
and  scientific  men. 


Laxtons  Builder's  Price  Book  for  1867.    London :  Morgan  &  Chase,  and 

Simkin  &  Marshall.    1869. 
This  handbook    again  appears    revised    and  extended  according  to   the 
exigencies  of  the  trade.     It  maintains  its  position  as  one  of  the  most  con- 
venient price  books  issued,  and  is  too  well  established  to  need  any  further 
recommendation. 


British  Mailways  as  they  are  and  as    they    might  be.      By  John  Imrat, 

M.I.C.E.     London  :  E,  '&  F.  M.  Spon.     1869. 
This  is  an  excellent  pamphlet  on  the  British  Railway  System  and  a  pro- 
posed method  of  improving  its  present  unsatisfactory  condition.     It  is  well 
worthy  of  the  attention  of  engineers  and  railway  financiers. 


On  Artificial  Drying  or  Desiccation,  with  a  description  of  Davison's  Patent 

Thermanterion.    Edinburgh :   Edward  Ravenscroft.     1868. 
Me.  Datison,  under  whose  auspices  the  brochure  before  us  is  issued,  seems 
to  have   devoted  considerable  attention  to  the  subject  of  desiccation,  and 
his  patent  "  Thermanterion,"  or  hot-air  fan,  has  proved  itself  admirably 
adapted  to  the  purposes  for  which  it  has  been  designed. 

The  pamphlet  commences  with  a  lucid  account  of  tbe  general  principles 
which  characterize  the  operations  of  drying  and  desiccation,  in  which  is 
set  forth  the  drying  effect  of  currents  of  air,  statistics  being  given  relative 
to  the  evaporation  of  water  under  different  circumstances.  Finally,  there 
is  adduced  from  the  introduction  the  axiom  "that  drying  can  only  be  pro- 
perly conducted  by  forcing,  either  artificially  or  naturally,  currents  of  air 
through,  between,  and  amongst  the  substances  to  be  dried,  this  air,  or 
forced  air,  being  more  or  less  elevated  in  temperature." 

The  second  chapter  contains  a  description  of  the  the  thermante'rion  as  to 
its  arrangement  and  construction ;  and  the  third  illustrates  its  application 
to  the  industrial  arts,  and  several  letters  are  appended  testifying  to  the  per- 
fectly successful  results  obtained  from  its  use.  By  the  employment  of 
Mr.  Davison's  process,  it  appears  that  a  very  considerable  saving  is  effected 
both  in  time  and  cost,  and  as  the  mode  of  treatment  has  stood  the  test  of 
upwards  of  [twelve  years  experience,  it  may  be  regarded  as  thoroughly 
established. 

Van  Nostrands  Eclectic  Engineering  Magazine  (Monthly).  D.  Van  Nostrand 

New  York. 
We  have  received  the  first  two  numbers  of  this  new  engineering  publica- 
tion.      It  does  not    profess  to  contain   original    matter,    but  is  merely 
intended    as    a  selection    from    home    and    foreign    engineering    serials 
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From  the  two  numbers  before  us  we  form  a  very  favorable  opiniou  of  the 
work,  as  it  appears  to  be  arranged  with  considerable  skill  aud  judgment  ; 
it  will  certainlv  form  a  convenient  series  of  books  of  reference. 


Annates  du  Genie  Civil.    Paris :  Eugene  Laceoix,  Quai  Malaquais. 

The  March  issue  of  this  periodical  has  come  to  hand.  This  journal. 
which  has  now  reached  its  eighth  year,  still  maintains  the  tone  and  interest 
of  the  articles  contained  in  it.  We  notice  in  this  number  the  second  part 
of  an  investigation  into  the  principles  of  surface  condensers.  On  psge 
158  we  observe  a  statement,  which  certainly  does  appear  as  there  set  forth 
parodoxical,  which  is,  that  a  slight  incrustation  improves  the  conductivity 
of  metal.  This  is  according  to  the  experience  of  Pe'elet,  "  le  metal  par- 
faitement  decape'  transmet  le  ealorique  moins  bieu  que  lorsq'il  est  le'gere- 
ment  incruste." 

This  appears  to  be  admitted  by  the  continental  engineers,  and 
undoubtedly  it  is  true  if  the  natural  surface  were  polished  for  it  is  well 
known  that  small  points  add  much  in  the  regular  evolution  of  steam  from 
water  under  heat,  and  a  slight  incrustation  would  supply  such  points, 
but  as  we  never  use  in  boilers,  or  surface  condensers  such  refined  work, 
we  think  the  majority  of  English  Engineers  will  dismiss  the  axiom  of 
Peclet  as  purely  theoretical. 

Further  on  the  superiority  of  the  method  of  condensation  by  injection 
over  surface  condensation  is  alluded  to.  Of  courss  that  is  acknowledged 
the  value  of  surface  condensation  being  most  evident  when  it  is  applied  to 
marine  purposes,  but  in  the  third  part  the  author  proceeds  to  point  out 
that  the  injection  condenser  may  be  conveniently  applied  to  marine 
engines,  but  it  would  require  more  space  than  we  can  devote  to  this 
subject  to  follow  out  the  arguments  adduced. 

There  are  several  other  articles  of  interest  in  the  number,  and  we  have 
pleasure  in  recommending  it  to  the  careful  notice  of  our  readers. 


Sociite,  des  ancens  eleves  des  ecoles  imperiales   d'arts  et    metiers.     Annuaire. 
Paris :  E.  Laceoix,  1868. 

This  work  forms  a  reliable  record  of  the  Paris  Exposition  of  18G7 — it  has 
evidently  been  compiled  with  great  care,  and  cannot  fail  to  possess  a 
considerable  interest  amongst  the  Engineers  of  all  countries  and  to  form  a 
valuable  addition  to  the  library  of  every  Engineer. 


Railway  Junction  Diagrams.     By  John  Aibey.    London. 

We  have  received  the  "Supplementary  Diagrams,"  recently  published  in 
connexion  with  this  valuable  work.  This  is  the  second  supplement  issued, 
the  former  one  appearing  in  1868,  and  it  makes  the  work  complete  up  to 
date.  In  calling  attention  to  this  last  supplement,  we  wish  to  confirm 
the  high  opinion  of  the  utility  of  the  work  expressed  on  former 
occasions. 


Scientific  Studies.  Two  Lectures.  1.  "On  the  Life  of  the  Marquis  of  Wor- 
cester, Inventor  of  the  Steam-engine."  2.  "  On  Chimeras  of  Science."  liy 
Hesby  Dihces,  C.E.,  LL.D.,  Ac.    London:  E.  &  F.  N.  Spon. 

This  work,  consisting  of  88  pages,  is  illustrated  with  a  neatly-engraved 
frontispiece,  representing  Mr.  .1.  Loft's  admirable  bust  of  the  Inventor  of 
the  Steam-engine;  and  plates  of  diagrams  applying  to  the  second  lecture. 
The  reader  of  Mr.  Dirck's  exhaustive  memoir  of  the  Marquis  of  Worcester, 
of  which  we  gave  a  lull  notice  in  1865,  will  nevertheless  he  pleased  with 
this  summary  biography,  which  will  he  found  to  offer  a  striking  contrast  to 
any  of  the  popular  sketches  hitherto  published.  Faota  and  dates  pre- 
viously unknown,  until  the  author's  larger  work  appeared  in  1866,  are 
here  succinctly  stated ;  and  we  find  rational  dates  given  for  the  birth  of 
the  Marquis,  for  the  death  of  his  first  wile,  and  of  his  imprisonment  in 
and  release  from  the  Tower;  also  important  facts  in  reference!  to  his 
memorable  ol    Invention*."     The    Addendum — pp.  34-87 — is    a 

curious  summary,  authenticating  the  existence  of  the  Marquis' so-called 
"  Water-commanding  Engine,"  in  which  g  team-boiler  was  used, 

and  separate  \.  niog the  water  to  be  railed.     In  a  note  (p.  88), 

Mr.  Dirck'a  drav  d  to  the  fad  of  the  formation  of  a  public  com- 

panybaving  been  projected  tor  working  the  Invention)  as  secured  in  L668, 
by  an  Act  ot'  Patliamenr,  I  The  lecture  was  delivered  at  the 

Greenwich  Literary  institution, 

The  second  hature  was  delivered  list  ymr  at   the  Crystal  Palace,  on 
chimeras  of  scii  rology,  alchemy,  squaring  the  circle,  perpetuam 

mobile,  Ac.     In  the  |  fe  author  has  given  a  useful  list  of  works  on 

these  several  topics,  lie  observes  that  although  hii  abject  is  rather 
discursive"  yet  il  is  sufficiently  condensed  to  illustrate  fully  the  truthful- 
ness of  the  azoim  that  a  little  knowledge  is  ■  dangerous  thin;;;  from  its 
tendency  to  inspire  il  ..  ranity  rather  thsn  with  the  humility 


which  always  accompanies  profound  knowledge."  It  may  be  the  desire  of 
many  that  Mr.  Dircks  should  have  gone  more  fully  into  the  interesting 
matters  of  this  lecture,  but,  as  he  states  in  his  preface.  "  It  forms  a  neces- 
part  of  popular  lectures  that  they  should  possess  breadth  with  brevity,  and 
interest  without  too  much  profundity."  In  these  lectures  Mr.  Dircks  has 
brought  together  a  large  mass  of  instructive  matter,  the  result  of  long  experi- 
ence and  extensive  reading ;  and  few  opportunities  are  omitted  for  giving  a 
a  practical  bearing  to  each  subject  and  to  point  out  enlarged  sources  of  in- 
formation on  each  topic. 


London   Water  Supply.    By 


John  Taylor,   C.E. 
Spon.    1869. 


London:    E.   &   F.   N. 


This  is  a  reprint  of  a  series  of  letters  written  to  'the  Courier  newspaper  in 
the  latter  end  of  1866  and  the  commencement  of  1867;  chiefly  having 
reference  to  the  constant  supply  question.  The  letters  are  ably  written 
and  of  general  interest,  aud  as  reproduced  are  offered  in  a  convenient  form. 


Appleby  s  Illustrated  Handbook  of  Machinery  and  Ironwork.     London :  E.  & 
F.  N.  Spon.    1869. 

We  have  received  this  trade  catalogue,  and  examined  its  contents.  It  is 
carefully  got  up  and  very  exhaustive,  being  also  conveniently  classified ; 
there  is  also  much  useful  information  in  the  work  in  addition  to  that  which 
pertains  in  common  to  all  catalogues.  We  can  recommend  Messrs.  Appleby's 
book  to  the  attention  of  the  profession. 


0>l  the  Distribution  of  Rain  over  the  British  Isles  during  the  year  1868.  By 
G.  J.  Symons,  F.M.S.  Loudon  :  Edward  Stanford;  Siinpkin,  Marshall,  and 
Co.     1869. 

We  have  received  Mr.  Symons'  valuable  record  of  rainfall  in  the  British 
Isles.  In  addition  to  the  tabular  matter  there  are  some  instructive  articles. 
The  first  consists  of  general  observations  on  the  different  kinds  of  rain 
gauges.  Mr.  W.  Meuzies  calls  attention  to  the  importance  of  registering 
the  maximum  rainfall  that  may  come  in  a  minimum  time.  For  hydraulic 
engineers,  or  rather  that  branch  of  the  profession  whose  attention  is  occu- 
pied with  matters  relating  to  water  supply,  this  work  has  a  special  interest, 
and  to  such  must  be  of  great  value. 


Power  without  Fuel.    By  James  S.  Baldwin.    New  York  :  W.  II.  Winans  & 

Co.    1869. 

Under  this  title  the  author  describes  a  kind  of  thermomotivc  engine  which 
he  has  designed,  intended  to  be  worked  by  the  vapour  evolved  from  liquid 
carbonic  acid.  The  title,  "  Power  without  Fuel,"  is  not  altogether  appro- 
priate, as  will  appear  hereafter,  although  the  changes  of  temperature 
requisite  to  cause  the  engiue  to  act  are  proposed  to  be  caused  by  natural 
means.  The  principle  of  the  engine  dapeuds  upon  the  fact  that  the  vapour 
of  liquid  carbonic  acid  is  much  augmented  in  pressure  by  slight  variations 
in  temperature  ;  hence,  by  connecting  the  opposite  ends  of  the  engine 
cylinder  with  two  vessels  containing  carbonic  acid  in  liquid,  and  raising 
the  temperature  of  one  a  few  degrees  above  that  of  the  other,  the  differential 
pressure  available  to  actuate  the  piston  will  be  considerable;  for  instance 
(according  to  the  experiments  of  Addams),  if  one  vessel  has  a  temperature 
of  70°  F.,  and  the  other  a  temperature  ol  80\  the  available  working 
pressure  will  be  83lbs.  per  square  inch,  the  pressures  of  the  gases  in  the 
two  vessels  being  respectively  6581bs.  and  7411hs.  per  square  inch.  The 
inventor  refers  to  the  two  principal  difficulties  which  occur  at  the  outset, 
and  which  must,  be  surmounted  before  his  theory  can  bo  reduced  to 
practice.  1.  •' The  obstacle  to  the  easy  and  rapid  conduction  of  heat  im- 
posed by  the  necessary  thickness  of  the  containing  vessels."  The  mode 
in  whioh  Mr.  Baldwin  proposes  to  obviate  this  is  sufficiently  feasible,  but 
it  ia  unnecessary  here  to  enter  into  the  details  which  are  given  in  bin 

pamphlet.      '£■   "  Carbonic  acid  as  now  prepared  is  an  cvpeusi  ,v  gal  :  hence 

the  waste  and  leakage  which  Du  Trembley's  experiments  w ith  ether  have 
shown  to  be  practically  unavoidable  in  such  cases,  would  neutralize  tuo 
saving  In  fuel." 

Mr.  Baldwin  propose!  to  obtain  carbonic  ncid  gal  by  let  in  |  emes 
bloat  and  other  Jurnaoet,  &o.  Here  al  once  falls  to  the  ground  the 
icha  of  getting  power  without  fuel. 

Next,  as  to  the  means  of  obtaining  the  ohangei  for 

expanding  and  condensing.    The  author  refers  to  the  al  as  ■ 

source  of  heal,    ami  a      B    COOliog    medium,    and    compares  tore 

with  that   ol    water.      Bo  far,  so  good,  but.  in  nieiifi ■min      bl         B   im  the  8X- 

naustof  iteam-eogines,  be  again  of  hU  main  proposition— power 

without  fuel,    Tht  lowever,  is  iutcn  ting,  and  we  can  n     mmend 

the  pamphlet  totheni  .readers. 
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NOTES  AND  NOVELTIES. 


MISCELLANEOUS. 

A  new  method  for  drying  green  wood  in  a  very  short  time,  consists  in  boiling  it  for 
some  hours  in  water  and  leaving  it  then  to  cool,  by  which  the  soluble  substances  are  re- 
moved. It  is  then  boiled  in  an  aqueous  solution  of  borax,  by  which  the  insoluble  albumen 
of  the  wood  is  rendered  soluble,  and  escapes  from  the  pores.  The  wood  is  then  placed 
in  drying-chambers,  heated  by  steam,  and  allowed  to  remain  three  days. 

The  experiment  of  making  belting  from  paper  has  proved  a  success  in  the  hands  of 
Crane  and  Co.,  at  Dalton,  Massachusetts,  and  the  article  is  now  used  in  all  their  own 
mills  and  several  other  manufacturing  establishments.  The  belting  resembles  the 
genuine  oak-tanned  leather,  and  serves  equally  well  in  a  dry  or  damp  atmos- 
phere. 

In  Blackburn,  at  the  present  time,  out  of  a  million  and  a-half  of  spindles,  about  half  a 
million  are  entirely  stopped,  and  the  half  of  the  remainder  are  on  short  time. 

A  conference  was  lately  held  at  Darlington  between  the  ironmasters  of  the  north  of 
England  and  representatives  of  the  workmen,  to  discuss  the  desirability  of  establishing 
courts  of  arbitration  in  the  northern  iron  trade  district,  and  so  prevent  the  periodical 
disputes  and  strikes  which  have  been  so  disastrous  to  both  masters  and  men.  A  joint 
committee  of  masters  and  men  was  appointed  to  draw  up  rules  for  establishing  courts 
of  arbitration  and  conciliation,  and  to  report  to  a  future  meeting. 

How  the  Money  Gobs. — For  a  long  time  the  Metropolitan  Board  of  Works  has  steadily 
refused  to  allow  the  cost  of  the  vestrymens'  visit  to  the  Main  Drainage  Works  at  Abbey 
Mills,  last  summer,  to  be  made  public.  The  principal  items  of  expense,  have,  however, 
at  length  leaked  out ;  they  are  as  follows : — The  cost  of  the  cold  collation,  wine,  &c,  was 
£1,416  16s.  lid.;  steamboats  for  conveying  the  visitors  from  London  to  North  Woolwich, 
£270 ;  Great  Eastern  Railway,  for  special  trains  to  Abbey  Mills,  £354  13s.  7d.;  total, 
£2,041  10s.  6d. 

Metropolitan  Street  Tbamways. — The  Metropolitan  Street  Tramways  Bill  was 
brought  before  the  House  of  Commons  for  its  second  reading  and,  after  a  lengthy  dis- 
cussion, the  House  divided,  when  a  majority  of  131  was  obtained  in  favour  of  the  Bill 
being  read.  Subsequently,  on  the  motion  of  Mr.  T.  Hughes,  it  was  agreed  that  this  and 
all  other  street  tramways  Bills  be  referred  to  the  same  Select  Committee,  a  suggestion 
of  Sir  F.  Goldsmid,  that  all  parties  appearing  before  the  committee  should  be  heard 
without  reference  to  any  question  of  locus  standi,  having  been  also  adopted. 

Thb  New  Yobk"  Pneumatic  Dispatch.'" — It  is  stated  that  the  Pneumatic  Dispatch 
Company — chartered  some  time  since  by  the  Legislature  of  New  York,  but  which  has 
attracted  little  attention  for  some  time  past — are  now  quietly  running  their  underground 
way  from  the  starting  point,  corner  of  Murray-street  and  Broadway,  New  York  City, 
towards  the  post-office  in  Nassau-street.  The  work  was  commenced  in  the  basement  of 
a  store  at  the  corner  above  mentioned,  and  is  being  conducted  with  comparative  secrecy 
in  order  to  avoid  the  annoyance  which  would  otherwise  be  incurred  from  injunctions 
which  might  be  granted  at  the  instance  of  stage  liue  proprietors  and  property  owners 
along  the  route. 

Lighthouses  for  the  Suez  Canal. — Orders  have  been  given  to  French  manufacturers 
for  four  lighthouses  in  connexion  with  the  Suez  Canal.  We  understand  that  one  of  these 
lighthouses,  that  at  Port  Said,  has  been  contracted  for  by  the  Socicte  Coignet  and  that 
it  will  be  constructed  of  bcton  agglomere  made  of  sea-sand  and  lime  from  Theil.  The 
three  other  lighthouses  are  to  be  constructedby  the  Forges  et  Chantier  de  la  Mediterrane'e 
upon  plans  which  are  stated  to  embrace  some  novel  features. 

Proposed  International  Exhibition  in  Sydney,  Australia. — A  proposal  for  a 
Grand  International  Exhibition,  to  be  held  in  Sydney  in  1870,  to  celebrate  the  centenary 
of  the  discovery  and  taking  possession  of  Australia  in  1770,  by  Captain  Cook,  has  been 
made  in  a  letter,  by  Mr.  Joseph  Dyer,  to  the  Sidney  Morning  Herald,  of  October  27th, 
1868.  Mr.  Dyer  proposes  that  the  Exhibition  should  be  held  in  a  new  central  rail- 
way terminus  which  is  said  to  be  much  wanted  in  Sydney,  and  which  might  as  well  be 
built  now  as  in  a  year  or  two  hence.  He  suggest  Hyde  Park,  facing  Elizabeth-street, 
as  the  site,  but  wherever  placed  in  Sydney,  of  course  the  Exhibition  could  be  held  in  it 
by  way  of  inauguration.  "  For  three  or  four  months  of  1870,"  he  remarks, "  Sydney  ought 
to  be  the  Paris  of  the  Southern  Hemisphere.  The  first  object  of  attraction  would  be 
the  Grand  Intercolonial  Exhibition,  to  celebrate  the  100th  anniversary  of  the  discovery 
of  the  colony.  Here  would  be  shown  the  highest  efforts  we  are  capable  of  in  art  and 
manufacture,  in  competition  with  the  productions  of  the  other  colonies.  Our  engineers 
would  show  locomotive  engines  and  railway  carriages;  our  carriage  builders,  boat 
builders,  tweed  makers,  boot  and  shoe  makers,  paper  manufacturers,  kerosene  oil,  glass 
saddlery,  tobacco,  arrowroot,  maizena,  wine,  and  a  vast  variety  of  other  arts,  in  which 
we  can  hold  our  own  against  foreign  competition."  As  the  subject  of  a  statue  to  Captain 
Cook,  the  discoverer  of  the  colony,  is  now  being  agitat  ed,  the  proposed  Exhibition  would 
form  an  excellent  opportunity  for  its  inauguration. 

The  Pennsylvania  Ironworks,  located  at  Chester,  U.S.,  have  just  closed  a  contract  with 
parties  in  New  York  for  the  building  of  a  number  of  iron  colliers  for  the  coasting  trade. 
These  vessels  will  be  propelled  by  steam,  and  will  have  a  carrying  capacity  of  about  600 
tons.  They  are  only  the  pioneer  vessels  of  a  projected  large  fleet  for  transporting  coal 
by  a  cheap  means  of  communication  from  the  most  convenient  points  of  shipment  to 
consumers.  Some  of  the  large  railway  companies  are  also  interested  in  the  enter- 
'  prise. 

NAVAL  ENGINEERING. 

Satisfactory  reports  have  been  received  of  the  performances  of  the  iron-clad  Hercules 
on  her  voyage  to  Lisbon.  Although  dragging  her  large  screw  propeller,  she  several 
times  exceeded  a  speed  of  ten  knots  under  canvas,  and  performed  the  operation  of  "  stay- 
ing" with  great  ease.  The  whole  consumption  of  coal  upon  the  voyage  was  less  than 
fifty  tons,  or  one-twelfth  of  the  quantity  on  board.  She  is  also  a  very  steady  ship,  rolling 
and  pitching  exceedingly  little,  not  only  under  a  press  of  canvas,  but  with  a  beam-sea 
running  and  little  wind.  The  huge  guns  (each  weighing  eighteen  tons)  were  worked  and 
fought  every  day  with  perfect  success. 

The  largest  iron-clad  in  the  Austrian'navy — the  largest  ship  probably  ever  launched  in 
the  Adriatic — has  just  been  launched  at  Trieste.  She  is  called  the  Lissa.  The  ship  is 
built  entirely  of  Austrian  materials,  and  every  detail  of  her  machinery  and  armament  will 
be  Austrian.  Her  length  is  272ft.,  breadth  45ft.,  displacement  6,000  tons.  Her 
engines  are  of  1,000-horse  power,  and  her  armament  will  be  twelve  300-pounder  Krupp 
guns. 

STEAM  SHIPPING. 

The  Dundee  Whaling  Fleet  Fitted  up  with  Steam  Winches. — The  whole  of  the 
whaling  fleet  leave  Dundee  this  season  equipped  with  steam  winches,  which  have 
been  severely  tested,  and  are  found  to  work  admirably.  This  additional  steam  power 
will  considerably  facilitate  the  loading  and  discharging  of  these  vessels. 


LAUNCHES. 

Messrs.  Richardson,  Duck,  and  Co.,  of  Stockon-on-Tees,  lately  launched  for  Messrs- 
Hornstedt  and  Garthorne,  of  Hull,  a  handsome  iron  screw  steamer,  named  the  Boadne- 
Her  dimensions  are :— Length,  228ft.  breadth,  30ft.;  depth,  16ft.  6iu.;  tonnage,  gross, 
1,030  tons.  Her  engines,  of  96-h.p.,  with  all  the  latest  improvements,  are  by  Messrs. 
Thompson,  Boyd,  and  Co.,  cf  Newcastle-upon-Tyne. 

Messes.  R.  Duncan  and  Co.  lately  launched  from  their  yard  at  Port  Glasgow  an  iron 
screw  steamer  of  the  following  dimensions  :— Length,  315ft. ;  breadth,  35ft.  ;  "depth,  22ft. 
6in.  ;  with  a  gross  register  tonnage  of  2,000  tons.  She  was  named  the  Cambric,  and 
when  completed  will  form  one  of  the  Anchor  Line  from  Glasgow  to  New  York. 

Messrs.   W.Hamilton  and  Co.  lately  launched  from  their  shipbuilding-yard  at  Port 

Glasgow,  a  paddle  steamer,  for  the  Ottoman  government,  of  the  following  dimensions  : 

Length,  178ft. ;  breadtb,  21ft.;  depth,  10ft.;  tonnage,  370  tons.  As  the  vessel  moved  off 
her  ways  she  was  named  the  Osmanby.  This  vessel  is  very  strongly  constructed, 
being  wholly  of  wood,  and  copper-fastened  throughout.  She  has  a  saloon  aft  on  deck, 
and  large  cabins  forward  and  aft  for  the  accommodation  of  first  and  second-class 
passengers. 

Messrs  Denton,  Gray,  and  Co.,  of  Hartlepool,  launched  on  the  16th  ult.  from  their 
yard  at  Middleton,  the  iron  screw  steamer  No.  23  (Prussia) :— Length  over  all  207ft. ; 
breadth  (extreme),  29ft.;  depth  of  hold,  loft.;  680  tons;  built  to  Lloyd's  rule,  class  A  b. 
She  is  brigantine  rigged,  and  her  engines  are  by  Messrs.  Blair  and  Co.,  Stockton,  90-horse 
power  nominal.  Her  owners  are  Messrs.  Prynn,  Read,  and  Co.,  Hull,  and  she  is  intended 
for  the  Baltic  trade. 

On  the  13th  ult.  Wm.  Denny  and  Brothers  launched  on  the  Clyde  an  iron  screw  steam- 
ship of  1,700  tons.  The  machinery,  of  300-horse  power  nominal,  will  be  fitted  up  by 
Messrs.  Denny  and  Co.,  on  the  direct-action  surface  condensation  principle.  The 
vessel  was  named  the  Glenartncy,  is  the  property  of  Messrs.  Jardine,  Mathieson  and  Co., 
and  intended  for  their  trade  between  Calcutta  and  China. 

A  handsome  steam  yacht,  built  by  Mr.  R.  Burlace  for  Mr.  Robert  Sherlock,  of  Plymouth, 
was  on  the  13th  ult.  launched  from  the  Great  Western  Docks.  The  vessel's  dimensions 
are  :— Length,  30ft. ;  breath,  8ft. ;  depth,  4ft. ;  and  her  tonnage  10  tons.  Her  boiler  only 
occupies  a  seventh  of  the  internal  space,  and  her  speed,  it  is  stated,  will  not  be  less  than 
10  knots  an  hour  in  a  strong  breeze. 

A  pine  new  iron  screw  steamer,  of  600  tons,  built  and  engined  by  W.  Simons  and  Co., 
was  launched  on  the  13th  ult.  from  the  London  Works,  Renfrew.  The  dimensions  of 
this  vessel  are: — Length,  170ft.;  breadth,  25ft.;  and  depth,  21ft.  Sbe  is  constructed 
with  a  spar  deck  fore  and  aft,  so  that  cattle,  goods,  passengers,  &c,  will  be  completely 
protected.  This  steamer  is  classed  A  b  at  Lloyd's,  and  her  engiues  are  designed  for  a 
very  moderate  consumption  of  fuel. 

Messes.  Randolph,  Elder,  and  Co.,  launched  from  their  shipbuilding  yard,  at  Fair- 
field, on  the  1st  ult.,  the  Patagonia  steamship  of  tons,  3,000  b.ji.,  and  600  horse-power 
(nominal).  The  Patagonia  has  been  built  to  the  order  of  the  Pacific  Steam  Navigation 
Company,  is  sister  ship  to  the  Magellan,  lately  launched  from  the  same  yard,  and  is 
intended'  for  the  Company's  direct  mail  line  between  Liverpool  and  Valparaiso.  The 
ceremony  of  naming  the  Patagonia  was  gracefully  performed  by  Miss  Randolph.  Her 
engines,  which  are  being  supplied  by  the  same  firm,  are  constructed  upon  their  patent 
compound  principle. 

Launch  of  H.M.S.  "Active." — The  Active  was  successfully  launched  from  the  Thames 
Iron  Works  on  the  13th  ult.  This  vessel  is  a  sister  ship  to  the  Voluge  which  was 
launched  from  the  same  yard  a  fortnight  previously.  She  is  from  the  designs  of  Mr.  E. 
J.  Reed,  C.B.,  the  Chiei  Constructor  of  the  Navy,  and  is  specially  designed  to  keep  the  sea 
for  a  long  period.  The  Active  is  270ft.  in  length  between  perpendiculars,  247ft.  length 
of  keel  for  tonnage,  42ft.  breadth  extreme,  41ft,  moulded  breadth,  and  15ft.  2m.  depth  of 
hold.  Her  burthen  in  tons,  O.M.,  is  2,321  59-94,  and  she  will  have  engines  of  600  nominal 
horse-power.  With  this  great  power  to  her  tonnage,  her  minimum  full-power  speed  is 
expected  to  be  15  knots.  Her  armament  will  be  six  0i-ton  rifled  guns,  and  two  64- 
pounders.    Messrs.  Humphrys,  Tennant,  and  Co.,  are  to  supply  the  engines. 

TELEGRAPHIC  ENGINEERING. 

The  recent  accident  to  the  Calcutta  has  induced  the  promoters  of  the  new  Persian 
Gulf  cable  to  postpone  the  proposed  expedition  until  after  the  cessation  of  the  monsoon. 
The  Tweed  will  leave  probably  about  the  end  of  May,  and  will  be  followed  by  the  Calcutta, 
which  is  being  repaired  at  Plymouth.  The  Caroline  is  being  fitted  out  to  recover  that 
part  of  the  cable  which  was  paid  out  from  the  Calcutta. 

The  imperial  Ottoman  Telegraph  Administration  is  about  to  proceed  forthwith  with 
the  construction  of  a  new  direct  line  to  be  used  exclusively  for  the  Indo-Europeau  tele- 
graphic communication,  with  a  view  to  its  improvement.  The  line  will  run  between  Nissa 
and  the  Austro-Turkish  frontier  near  Gradiska. 

RAILWAYS. 

It  is  reported  in  St.  Louis  that  an  arrangement  has  been  entered  into  by  which  the 
Illinois  Central  gains  full  control  of  the  Mobile  and  Ohio  road,  thus  furnishing  it  an 
additional  line  of  track  of  472  miles.  In  addition  to  this,  some  eastern  gentlemen  have 
secured  the  re-opening  of  the  Illinois  Southern  Railroad  from  Vincennes,  Ind.,  to 
Cairo,  111.,  thus  securing  the  entire  control  of  the  river  traffic  north  from  Memphis. 

Increased  accommodation  has  been  given  at  the  Ventnor  station  of  the  Isle  of  Wight 
Railway.  The  directors  propose  to  apply  for  Parliamentary  powers  to  make  a  tramway 
at  Ryde  to  connect  their  station  with  the  pier. 

A  Wooden  Railway. — A  description  of  the  Wooden  Railway  recently  constructed  for 
the  Clifton  Iron  Company  between  Clifton  and  the  Adirondac  mines  in  New  York  is 
given  as  follows  by  Mr.  C.  G.  Myers,  late  President  of  the  Company  : — "  The  rails  are  of 
hard  maple  scantling,  4  in  by  6in.  set  on  round  ties,  on  which  are  framed  slots  6in.  by 
4in.  The  rails,  set  on  edge  and  keyed  in  the  slots  by  two  wooden  wedges  driven  against 
each  other,  project  2in.  above  the  ties.  The  rails  admit  of  bending  sufficiently  to  make 
the  curves.  The  ties  are  laid  on  the  earth  and  ballasted  in  the  usual  manner  to  within  2in. 
of  the  bottom  of  the  rail.  It  takes  21,120ft.,  board  measure,  of  scantling  for  a  mile,  and 
1,760  ties  at  3ft.  apart.  Our  road  is  a  very  rough  one.  We  have  a  great  deal  of  trestle 
work,  some  of  it  over  30ft.  high,  which  is  vastly  more  expensive  than  a  level  route.  The 
engines  used  weigh  from  10  to  14  tons.  The  rails  will  probably  last  about  5  or  6  years. 
An  engine  will  move  about  30  tons  of  freight  at  about  6  or  8  miles  an  hour,  with  heavy 
grades  and  sharp  curves.  The  Company  expects  to  move  over  the  road  next  year  from 
50,000  to  100,000  tons  of  freight.  Trains  have  passed  over  the  road,  light,  at  the  rate  ot 
20  miles  an  hour,  but  this  would  not  do  for  freight." 

The  lines  uniting  the  upper  portion  of  the  Metropolitan  District  railway  at  Kensington 
and  West  Brompton  with  the  West  London  Extension  Railway  are  likely  shortly  to  be 
opened.  A  communication  will  thus  be  established  with  the  North- Western,  the  Great 
Western,  and  the  South- Western  lines. 
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The  northern  section  of  the  Great  Western  Eailway  is  now  worked  entirely  upon  the 
narrow  gauge.  Trains  leaving  Paddington  for  Birmingham,  Shrewsbury,  Manchester, 
and  Birkenhead  now  run  from  London  to  their  destinations  on  the  narrow  gauge  instead 
of  partly  upon  the  broad  and  narrow.  The  metropolitan  traffic  of  the  Great  Western  is 
also  partly  narrow  gauee,  and  also  some  of  the  trains  into  Windsor.  The  broad  gauge 
trains  are  confined  to  the  western  district  of  the  railway. 

—  The  Shah  of  Persia  has  recently  granted  to  English  capitalists  the  monopoly  of  rail- 
road building  in  that  country  for  twenty  years. 

Engixeees  are  now  testing  the  bed  of  Detroit  river,  with  a  view  to  a  railroad  tunnel, 
connecting  the  Great  Western  railroad  of  Canada  with  the  Michigan  Central  Michigan 
Southern  and  Detroit  and  Milwaukee  roads.  Tough  clay  is  the  result  on  the  Michigan 
side  of  the  river. 

A  serious  accident  occurred  on  the  4th  alt.  on  the  Housatonic  Railroad,  near  Lennox, 
Massachusetts,  when  the  morning  train  going  north  was  thrown  from  the  track  by  a 
broken  rail.  One  of  the  passenger  cars  was  precipitated  down  an  embankment,  and 
twelve  persons  seriously  injured. 

DOCKS,  HA.RBDURS,  BRIDGES. 

A  new  bridge  across  the  Alleghany  river  at  Brady's  Bend  was  completed  on  February 
the  2nd. 

The  Land's  End.— The  Trinity  Board  has  resolved  to  supersede  the  Longships  Light- 
house olf  the  Land's  End  by  a  new  structure  on  an  adjoining  rock.  The  contract  for 
the  granite  work  has  been  taken  by  a  French  firm,  and  all  the  granite  for  the  work 
will  be  imported  from  France.  The  picking  out  of  the  foundation  will  commence  at 
once. 

KDTES,  METALLURGY,  &c. 

Blast  Fcenaces  fob  Whitehaven. — The  establishment  of  blast  furnaces  near  the 
town  has  been  long  considered  a  desideratum  to  the  welfare  of  Whitehaven,  and  we  now 
hear  that  there  is  a  good  prospect  of  the  universal  wish  of  the  inhabitants  being  realized. 
Mr.  Isaac  Armstrong,  many  years  manager  of  the  Cleator  Moor  Iron  Works,  is  now 
engaged  arranging  for  the  erection  of  blast  furnace  works  in  the  immediate  neighbour- 
hood uf  the  town.  The  site  selected  is  the  open  space  in  front  of  the  Bransty  Quarries. 
The  benefit  to  the  town,  harbour,  and  railways  by  the  establishment  of  these  works,  in 
such  a  position,  will  no  doubt  be  very  considerable ;  and  the  immense  quantity  of  coals 
that  will  be  required  for  coking  and  other  purposes,  will  insure  the  Whitehaven  colleries 
being  more  regularly  employed  than  they  have  been  for  some  time  past. 

Utilisation  of  Blast  Fcenace  Slag — The  following  method  is  now  adopted  in 
several  iron  works  in  Belgium : — The  slag  is  allowed  to  run  direct  from  the  furnace  into 
pits  about  eight,  or  nine  feet  in  diameter  at  the  top,  with  sides  sloping  inwards  towards 
the  centre,  where  they  are  about  three  feet  deep.  The  mass  is  left  for  eight  of  nine  days 
to  cool,  when  a  hard,  compact,  crystalline  stone  is  obtained  which  is  quarried  and  used 
for  building  purposes,  but  chiefly  for  paving  stones.  They  appear  to  wear  exceedingly 
well,  being  quite  equal  to  the  grits  and  sandstones  already  so  much  used. 

A  New  Alloy.— A  new  alloy,  forming,  we  are  told,  a  beautiful  white  metal,  very  hard, 
and  capable  of  taking  a  brilliant  polish,  is  obtained  by  melting  together  about  70  parts 
of  copper,  20  of  nickel,  5J  of  zinc,  and  4i  of  cadmium.  It  is,  therefore,  a  kind  of 
Ijerrnan  silver,  in  which  part  of  the  zinc  is  replaced  by  cadmium.  This  alloy  has  been 
recently  made  in  Paris  for  the  manufacture  of  spoons  and  which  resemble  articles  of 
silver. 

applied:  chemistry. 

Chrome  Gbeen. — Oxides  of  chrome  are  prepared  either  in  the  dry  or  wet  way  ;  ob- 
tained thus,  they  vary  from  greenish  grey  to  a  more  or  less  deep  greenish  yellow.  They 
generally  have  neither  brilliancy  nor  freshness.  It  is  possible,  however,  to  produce 
green  oxides  of  chrome  which  arc  not  devoid  of  beauty.  One  of  the  most  intelligent 
chemists  of  the  commercial  world,  M.  Casthela/.  has,  conjointly  with  M.  Leune,  prepared 
a  chrome  green,  wbichis  justly  styled  imperial  green.  This  colouring  matter  of  a  superior 
brilliancy  is  obtained  exclusively  by  the  wet  way.  The  process  consists  in  slowly 
precipitating  chrome  salts  by  treating  them  with  hydrated  metallic  oxides,  insoluble,  or 
but  slightly  soluble,  in  water,  or  by  bydrated  metallic  carbonates,  or  hydrated  metallic 
sulphides,  or  again,  by  salts  of  weak  acids,  which  easily  leave  their  bases ;  the  action  is 
only  produced  progressively,  and  the  oxide  of  chromium  is  precipitated  in  the  hydrated 
form ;  the  colour  of  the  compound  is  magnificent,  of  a  deep  emerald  green.  For  this 
preparation,  it  is  convenient  to  adopt  economical  reagents,  such  as  gelatinous  alumina, 
oxide  of  zinc,  carbonate  of  zinc,  sulphide  of  zinc,  &c„  whose  price  is  reasonable.  The 
same  result  may  be  obtained  by  treating  a  chrome  salt  with  the  non-alkaline  metals, 
which  have  a  sufficient  affinity  to  unite  with  the  acid  of  the  chrome  salt  and  precipitate 
the  oxide.  Iron  and  zinc  will  be  more  particularly  used,  as  they  are  cheaper.  It  is 
necessary  to  select  from  among  the  metals,  with  their  oxides  and  salts,  those  which, 
with  the  acid  of  the  chrome  salt,  give  soluble  salts,  as  they  should  be  removed  by  wash- 
ing. If  recourse  is  had  to  reagents  forming,  with  the  acid  of  the  chrome  salt,  insoluble 
salts,  it  is  only  in  order  to  modify  the  colour  and  composition  of  the  chrome  precipitates 
and  of  the  green  colour  thus  formed.  As  to  the  magnificent  imperial  green  colour 
obtained  by  .M.  Casthclaz,  it  possesses  properties  which  will  enable  manufacturers 
ultimately  to  renounce  the  justly  condemned  and  dangerous  copper  and  arsenic  greens. 
The  i  ii pcrial  green  removes  all  danger  from  Insalubrity  j   it  is  an  impalpable 

substance,  of  perfect  tenuity.  It  is  believed  that  this  property  will  cause  the  new  green 
to  be  adopted  tor  printing  on  stuffs,  and  for  other  purposes.  The  oxides  of  chrome 
known  Up  to  the  present  time,  and  generally  obtained  in  the  dry  way,  cannot,  by  pul- 
verisation, ■■■  degree  of  fineness  of  the  imperial  green.  It  is  expected  that 
this  snbstain •■•  v.  ill  have  great  success  in  oil  painting,  coloured  papers  colours  and  arti- 
cial  flowers,  printing,  lithography,  perfumery,  and  soap  manufacture,  as  well  as  In  the 
making  of  glass  an  1  in  the   ceramic  arts. 

PaorK.ssoi:  II.  E,  BoMoe,  F.K.S.,  lately   exhibited  and   explained  to  the   members  of 

Literary  and  Philosophical   Society  the  thud  of  producing  ozone 

nrtile  ially,  and  showed  how  it  had  been  proved  by  Dr.  Andrews  and  M.  Soret  that  ozone 
was  an  allot  roplc  condition  of  oxygen,  and  that  three  volumes  of  oxygen  formed  two 
volumes  of  ozone. 

Aitifk  in.  •■bony,  now  ii-.d  to  a  considerable  extent,  is  prepared  by  taking  sixty  parts 
of  seaweed  cl.an  oaf,  obtained  by  treating  the  seaweed  for   two  bonri  In  dilate  sulphuric 

add :  then  drying  and  grinding  It,  and  adding  to  II  ten  part .  ol  liquid  glue.  Bye  parte 
and  n-balf  pan.  of  India-rubber,  the   last 

naphtha  ;  then   adding    ten    parts    of  COal   tar.  live   parts   pulverised    sulphur,    two    parts 

ilnm,  and  live  parts  of  powdered  resin,  and  iii-niintr  t li"  mixture  to  about 
SOOdeg.  Pah,    we  thus  obtain,  nftcrti Bold,  a  material  which  In 

colour,  hardness,  and  capability  of  taking  a  polish,  is  equal  in  every  IBepQfll  to  ibonj 
and  much  cheaper. 

CaxbOXIC  I'ii'is.  — Pagliari,  an  Italian  chemist,  has  invented  a  kind  of  paper  wherein 
carle.:  thoroughly  Incorporated  that  the    paper,  when  used  to   pack  animal 

substances  therein,  preserves  the  same  in  a  fresh  stale  without  nail  or  any  curing  what- 
tvsr. 


LATEST  PRICES   IN  THE  LONDON  METAL  MARKET. 


COPPER. 

Best  selected,  per  ton    

Tough  cake  and  tile  do 

Sheathing  and  sheets  do 

Bolts  do 

Bottoms  do 

Old  (exchange)  do 

Burra  Burra  do 

Wire,  per  lb 

Tubes  do 

BRASS. 

Sheets,  per  lb 

Wire  do 

Tubes  do 

Yellow  metal  sheath  do 

Sheets  do , 

SPELTER. 

Foreign  on  the  spot,  per  ton 
Do.  to  arrive 


ZINC. 


In  sheets,  per  ton 

TIN. 

English  blocks,  per  ton.... 
Do.  bars  (in  barrels)  do.     . 

Do.  refineddo 

Bancado 

Straits  do 


TIN   PLATES.* 
IC.  charcoal,  1st  quality,  per  box 

IX.  do.  1st  quality  do 

IC.  do.  2nd  quality  do 

IX.  do.  2nd  quality  do 

IC.  Coke  do 

IX.  do.  do 

Canada  plates,  per  ton 

Do.  at  works  do 


IRON. 
Bars,  Welsh,  in  London,  per  ton    . 

Do.  to  arrive  do 

Nail  rods  do 

StaiTord  in  London  do 

Bars  do.  do- 

Hoops  do.  do 

Sheets,  single,  do 

Pig  No.  1  in  Wales  do 

Refined  metal  do 

Bars,  common,  do 

Do.  mrch.  Tyne  or  Tees  do 

Do.  railway,  in  Wales,  do 

Do.  Swedish  in  London  do 

To  arrive  do 

Pig  No.  1  in  Clyde  do 

Do.  f.o.b.  Tyne  or  Tees  do 

Do.No.  3  and  4  f.o.b.  do 

Railway  chairs  do 

Do.  spikes  do 

Indian  charcoal  pig  in  London  do. 

STEEL. 

Swedish  in  kegs  (rolled),  per  ton 

Do.  (hammered)  do 

Do.  in  faggots  do 

English  spring  do 

Qdicksilveu,  per  bottle 

LKAD. 

English  pig,  common,  per  ton 

Ditto.  L.B.  do 

Do,  w.ii.  do 

Uo.  sheet,  do 

Dm.  rod  lead  do 

Do,  white  do 

Do.  patent  shot  do 

Spanish    do 


£ 

78 
76 
79 
SI 

82 


From 


65    10 
81       0 

0 

0 


127 
128 
133 


7 
7 
7 
8 
9 
3 
4 
6 
6 
6 
10 
10 
2 
2 
2 
5 
11 
7 


15 

16 

17 

6 

lit 
19 
21 
80 
21 
27 


d. 

0 
0 
0 
0 
0 
0 
0 
1  0 
0    Hi 


0 
0 
0 
0 
0 

21 
21 


132     10 
129      0 


8 
14 

7 
13 

4 
10 


13  10 

12  10 

G  10 

6  10 


2 

12 

10 

2 

0 

15 

0 

0 

10 

0 

0 

5 

14 

9 

6 

10 

0 

0 


5 

0 

0 

17 


82     10 

18    17 


£ 

79 


To 


80       0       0 


0     10  J 


27      0      0 


83 
70 

0 
0 


0      8i 
„     lis 


21     10    0 


130    0      0 


6 
6 
7 
8 
9 
9 
11 
4 
5 


10 


2 

5 
12 

7 


10 
16 

8 
14 

5 
11 


15 

12 

5 

10 

10 

15 

0 

5 

0 


7 
15 

0 
10 


:x> 
88 
19 


0 
0 
0 
0 


15     10 


23       0 


19     10      0 


•At  the  works  1*  to  is. 6d.  per  box. ess. 
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LIST  OF  APPLICATIONS  FOR  LETTERS 
PATENT. 

Wb  have  adoptrd  a  new  arrangement  of 
thb  Provisional  Protections  applied  for 
by  Invrntors  at  the  Grrat  Seal  Patent 
Office.  If  any  difficulty  should  arise 
with  reference  to  the  names,  addresses, 
or  titles  oivbn  in  the  list,  thr  requi- 
site information  will  be  furnished,  free 
of  expense, from  the  office, by  addressing 
*  letter,  prepaid,  to  thb  editor  of 
"Thb  Artizan." 

Dated  February  17th,  1869. 

485  \V.  E.  Newton— Adhesive  stamps 
^586  F.  H.  Collins—  Permanent  way  of  railways 
487  A.  Ransome — Wood-cuttinp  machinery 
48$  W.  R.  Lake— Obtaining  benzole,  &c,  from  coal 

489  H.  D.  Bowyer  and  J.  L.  Norton— Wheat  flour 

Dated  February  18th,  1869. 

'  490  H.  Aland— Blowing;  fans 
491  F.  J  ,|Knewstub— Fittings  in  despatch  cases 
•492  J.  Darlington — Mineral  and  rock   drilling  ap- 
paratus 

493  A.  Bartholomew — Slidine  windows 

494  A.  Munroand  W.  B.  Adamaou — Cutting  stone, 
slate,  &c. 

495  A.  Garrisnn — Peudant  string:  holder 

4S6  J.  D.  Nichol  and  J.  Eckerelay  —  Pressing 
printed  paper 

49"  C.  Brook,  L   Barker,  and  M.  Thompson— Looms 

498  R.  Pyne— Steps  for  the  doors  of  railway  car- 
riages 

■499  J.  A.  Wade  and  J.  Cherry— Pressing  bricks, 
tiles,  &c. 

500  T.  H.  Martin — Tightening-  piston  rin^s  to  the 
cylinders  of  steam  engines 

501  D  G.  FitzGerald— Electric  telegraphs 
■  502  J.  Newtoo- Spinning  flax 

503  W*  Daines— Anchors 

504  F.  W.  Mallett— Needles 

505  M.  Vary— Ornamenting  surfaces 

506  F.  Del briel— Removing  and  facilitating  the 
utilisation  of  refuse  matter 

507  T.  Forster    and  P.  Brusey   Cow — India  rubber 
^suction  pipes 

Dated  February  19th,  1869. 

•    508  W.    M.    Cochrane —.Vessels    for    containing 
water,  &c. 

509  T.  Tmnatill  and  J.  Dodgeon— Looms 

510  E.  Dorsett— Ht  ating  metals.  Sec. 

511  A.  Henry— Breech  loading  firearms 

512  L.  G.  Moore— Sails  for  windmills 
"51  3  J.  Loader — Steam  generatoia 

514  S.  Myers— Churns,  &c. 

515  T.  Smith— Treatment  of  flannel,  &c. 

516  J.  Davey— Motive  power  engines 

'517  A.  M.  Clark— Increasing  the  tractive  power  of 

)  (road  engines,  &c. 

618  E.  Hewett— Cowls 

£19  H.  T.  and  T.  Jennings— Steam  engines 

520  J.  Barton— Water  heater 

521  W.  R.  Lake— Making  ice,  &c. 

522  M.  MacLennan — Permanent  way 

Dated  February  20th,  1869. 

523  G.  G.  Hairs— Burning  and  vaporising-  combus- 
tiole  liquids,  &c. 

524  G.  Green— Buddies  for  separating  ores 

525  J.  D.  Gauldie  and  T.  A.  Marshall— Steam  en- 
gines, &c. 

526  J.T.  Wibberley— Winding  cotton,  Stc. 

527  J.  Mabsou — Drawing  corks 

528  A.  Jacob— Ventilation  of  sewers 

529  J.  Eberhard — Propelling  ships 

530  H.  W.  Whitehead- Combing  wool,  &c. 

531  M.  Gray — Electrical  conductors 

532  J.  H.  Mori — Hair-cutting  machines 

533  T.  H.  Simmonds  and  E.  B.  Moreland— Glazing 
linen-fared  paper 

534  B.  F.  West— Double-jointed  butt  hinge 
525  F.  G.  Fleury— Measuring  water,  &c. 

536  J.  Dnglish— Ventilation  of  mines 

537  R.  Foster — Boilers 

538  J.  E.  Lucas— Floating  velocipede 

Dated  February  22nd,  1869.    " 

539  J.  and  W.  WeemB— Malting,  &c. 

540  W.  Abbotson,  W.  W.Ladelle,  and  A.  Southby 
— Manufacture  of  paper 

541  S.  Osborn — Mowing  machines 

542  J.  O.  C.  Phillips— Artificial  teeth 

543  J.  W.  Reid— Paper  pulp 

544  W.  R.  Lake— Heating  apparatna 

545  G.  A.  Fall— Propelling  vessels 

546  T.  S.  Blair— Iron  and  steel 

547  J.  Leach.  T.  Lpach,  and  J.  Goodyear— Winding 
slivers  of  wool,  &c. 

548  B.  J.  B.  Mills— Artificial  stone 
54W  J.  E.  Liller— Printing 

550  J.  H.  Johnson— Velocipedes 

551  W.  E    Newton— Screw  wreuches 

552  J.  B   Rushbrook— Improved  hurdle 

553  R.  Meldrum— Stopping  twines,  &c. 

554  J.  Blyde— Scissors 

555  H.  F.  Freutel— Hats  and  caps 

556  R.  P.  Williams— Railway  crossings 

Dated  February  23rd,  1869. 

557  J.  T.  Gaze  and  J.  Hymas— Improvements  in 
grate  bars 

558  A.  Jobson — Arrangement  and  construction  of 
coke  ovens,  &c. 

559  J.  Breedon— Taps 

560  J.  Johnson  and  W.  Gill— Rotary  engines  and 
pumps 

561  B.  W    Farey— Gas  valves 


562  W.  F.  C.  Moutrie— Pianofortes    ^ 

563  J.  Neilson   and   J.  Marshall — Applying  trade 
marks  upon  metallic  capsules 

564  A.  V.  Newton— Fire  boxes 

565  S.  Holroyd — Recovery  of  substances  used  in  the 
purification  of  gas 

566  H.  Bessemer— Production  of  cast  steel  from  pig 
iron 

Dated  Febeuary  24th,  1S69, 

567  W.  E.  Gedge— Hand  vice 

5r>8  J.  J.  Myers — Novel  method  of  enabling  passen- 
gers to  warn  railway  servants,  &c. 
569* J.  Whitehead — Furnaces 

570  W.  A.  Ives— Circular  tenons 

571  W.  Williams — Laying  pipes  for  gas,  &c- 

572  J.  Cooke  and  G.  Hibbert— Steam  jets  applicable 
to  steam  engines,  &c. 

573  B.  Hunt— Regulating  friction 

574  J.  I.  Vaughan— Treating  metallic  salts,  &c. 

575  R.  Morton— Gas 

576  G.  Rees— Producing  designs  upon  the  surface  of 
glass 

577  J  T.  Griffin— Harvesting  machines 

Dated  February  25tb,  1869. 

578  W.  H.Toi.th— Bricks,  &c.     I 

579  E.  A.  V.  Leroi— Work  produced  by  cards  of 
curding  engines 

.^80  W*.  Anyon — Velocipedes 

581  H.  Lueweuberg— Hats,  &c. 

582  B.P.Walker — Shaping  and   finishing  metallic 
articles,  ike. 

583  W.  Turner  and  J.  W.  G  bson— Improvements 
in  friction  rollers 

584  J.  Moody — Mooring  vessels 

585  W.  Parkinson — Wood-cutting  machinery 

586  W.  E.  Newton— Furnaces 

587  E.  D.  Barker— Actuating  railway  breaks 

588  L.  Engel— ParaBols,  &c. 

589  F   Brady— Switch  apparatus 

590  W.  R.  Harris — Weavers  harness 

Dated  February  26th  1869.; 

591  W.  T.  Eley— Firearms 

592  H.  J.  Ledger — Apparatus    for  enabling  passen- 
gers to  signal  the  guard  of  a  train,  &c. 

593  H.  Harburg— Musical  boxes 

594  T.  Moore— Raisiug  weights 

595  W.  R.  Lake— Constructing  ships 

596  J.  Cheetham — Winning  yarns 

597  J.  A.  F.  Suter  and  T.  C.  Hinde— Improvements 
in  furnaces 

598  G.  J.  Hinde— Coating  iron 

599  J.  T.  H.  Richardson— Cutting  flint  glass 

600  J.  Townsend — Extracting  oils 

601  E.    Falck — Diitributing    liquids   in  a   state  of 
sprav 

602  J,  Reap  and  W.  H.  Michel  more— Improvements 
in  p-pring  hinges 

603  C.  Markham— Steam  boilers 

604  W.  A.  Herring— Pumps 

605  C.  Williams — Motive  power 

Dated  February  27th,  1869. 

606  J.  Adams— Signalling  between  passengers,  &c, 
of  railway  trains 

607  W.  Thomas  and  W.  Davis— Winding  machi- 
nery 

608^J  .;R.  Croskey — Looms 

609  R.  Pyne— Railway  buffer  carriage 

610  J.  H.  Johnson— Measuring  raw  silk 

611  C.  Maw— Cartridges,  &c. 

612  T.  S.  Blair — Effecting    the  mixture  of  mo'.ten 
cast  iron  with  solid  oxides 

613  E.  Chapman — Carding  engines 

614  T.  Atkinson— Lighting  fires 

615  R.  S  Noriis—  Getting  coal 

616  G.J.  Snelus— Reducing  iron  ores 

617  L.  G.  Lysons — Apparatus  for   signalling  from 
ihe  marker's  butt,  &c. 

Dated  March  1st,  1869. 

618  P.  S.  Regnauld— Fixir.g  the  lid  of  tin  caniBters, 
&c. 

619  J.  Ladley— Twisting  wool 

62q  R.  J.  Goodbody  and  R.  E.    Donovan— Treating 
tobacco 

621  J    Rust — Improved  compisition 

622  W.  E.  Gedge— Fireaims,  &c. 

623  W.  Simpson  and  A.  ^Gardner— Construction  of 
engines 

624  A.  H.  Brandon— Metallic  cartridges 

625  W.  R.  Lake — Mowing  machine 

626  D.  Davies— Getting  coal 

627  J.  Cliff— Substitute  for  firVbiicks 

628  J.  Hadley— Decorticating  apparatus 

629  A.  H    Honegger- Copying  press 

630  B.  C.  Crawford-  Steam  boilers 

631  C.  E.  Brooman— Spring  mattresses 

632  J.G.  Willaus— Iron  and  steel 

Dated  March  2nd,  1869. 

633  W.  Oltey— Saw  benches 

634  J.  Fariington — Apparatus  forj  travelling  with 
ease,  &c. 

635  F.  N.  Gisbome  and   H.  A llman— Construction 
of  tubes 

636  J.  Hall— Horse  shoes 

637  J.  Towusend  and  P.  Forbes— Purifying  oilsand 
fats 

638  J.  Woods,  J.  Hampson,  L.  Fish   and  G.Fish— 
'    Weaving 

639  J.  Howe— Navigable  vessels 

Dated  March  3rd,  1869. 

640  W.  Clark — Shearing  horses 

641  F.  A.  Gatty— Obtaining  the   colouring  matter  of 
madder 

642  J.  Cooke  and  G.  Hibbert — Motive  power  engine 

643  J.  Sloper— Perforating,  &c. 

644  H.  W.  (ioldring — Cleaning  cotton  seed 
o45  R.  Law  «ud  S.  Hatgreave» — Warping 

646  F.  Andoe— Fire  escape 

647  J    Robertson  and  J.  Shanks— Forges 
618  E.  Lyous— Lamps 

649;\V.  HuweB  and  W.  Burley— Carriage  lamps 


650  H.  A.  Bonneville— Doubling  stuffs,  &c. 

651  W.  E.  Newtou— Waterclosets 

652  R.  Wriijht — Railway  carriages,  &c. 

Dated  March  4th,  1869. 

653  D.  Sword — Supplying  water  to  cattle  trucks  or 
waggons 

654  A.  A.  L.  P.  Cochrane— Marine  structures' 

655  W.  H.  Tooth,  sen.,  and  W.    H.  Tooth,"jun.- 
Furnaces 

656  E.  T.  Hughes— Casting  chain 

657  M.  G.  Cole— Wa  ches 

653  T.  Howcroft  and  A.  McGregor — Reaping,  mow- 
ing:, &CC. 

659  S.  Maisden— Bolts  and  rivets 

660  T.  Greenwood — Screw  gill  roving  frames 

661  J.  B.Spence- Purification  of  a  as 

662  T.  Forster  and  R.  Taylni— Printing  rollers 

663  W.  MacRae — Velocipedes 

664  J.  H.Johnson — Dyeing,  &c. 

665  W.  Belts — Ornamenting    and  producing  trade 
markB  on  capsules 

666  J.  Gough — Cylinders  for  containing  and  distri- 
buting colour,  &c. 

Dated  March  5tht  1869. 

667  C.  Tighe— Studs,  &c 

668  C.  D.  Abel— Injector 

669  F.  Windhausen — Freezing  machines 

670  W.  E.  Gedge — Apparatus  to  preserve  from  oxi» 
dation  iron  ships 

671  H.  Knight—  Clipping  horses 

672  H   A.  Bonneville— Fastening  the  knots  of  neck- 
ties 

673  C.E.  Bioomau— Manufacture  of  fabrics  by  the 
employment  of  fur 

674  VV.  B.  VVaterlow — Stamping  press    ^_ 

Dated  March  6th,  1869. 

675  J.  Holding — Looms 

676  J    Loader — Rotary  engines 

677  R.  Bxdgcr-Shears 

678  W.  S.  Meldrum— Carding  engines 

679  J.  B.  Spence— Purification  of  gas 

680  A.  Morr.ll—  Threading  needles 

681  T.  Ross — Slidas  for  magic  lanterns 

682  H.  and  J.  Ellu— Cranes 

h83  W.  G.  Simon— Improved  hank 
084  R.  R.  Bevis— Screw  propellerej 

685  A.  iM.  Clark— Envelopes 

Dated  March  8th,  1869. 

A.  M.  Clark— Envelopes 

686  A.  Dixon — Lubricators 

687  J.  A.  McElroy — Rotary  motive  power  pumping 
apparatus 

688  J.B.  Rowcliffe— Wire  cloth  for  paper  msking 
machines 

689  W.  Burr — Compressed  leather 

690  W.  A.  Gilbee— Raibing  water 

691  J„J.,E,and  W.  Pitt— Drilling,  turning,  or 
cutting;  metals 

692  C.  Mather  and  W.  Rossetter  —  Warping  and 
weaving  machinery 

693  C.  Fairbairu— Furnaces 

694  L.  M.  Ruiz— Purifying  and  clarifying  all    sorts 
ofoiia 

695  H.  Tylor— Spring  bottoms  for  bedsteads 

696  P.  Buchan   «nd   A.  Guild — Preparing  for  spin- 
ning jute 

697  J.  A.  Jaques,T.  OaiJey,aul  J.  A.  Fanshawe— 
Surfacing  rings 

69B  H.  W.  Cook— Regulating  clocks 

699  J.  P.  Budd— Iron  and  steel 

700  R  F.  Piltz  aud   T.    H.    Lee— Manufacture  of 
paper  hangings 

701  R.  Turnuuli  nnd  J.  G.  Piton— Signalling  from 
oue  part  of  »  railway  train  to  another,  &c 

702  T.  Baker— Umbrellas 

703  W.  B.  Thompson — Finishing  textile  fabrics 

704  A,  Mitchell— C  itting  stone 

705  W.  Saunders  and  C.  Smith— Board  frame  for 
dressing  baps 

706  W.   Saunders   and  C.  8 mith— Combined  cbess 
and  cribbage  board 

Dated  March  9th,  18f9. 

707  W.  R.  Lake — Converting  a  reciprocating  into  a 
Jrotary  motion 

708  F.  F.  Villepifrue— Velocipedes 

709  W    R.  Lake-Tilt  hammers 

710  R.  Bnggs — Regulatinic  the  internal  temperature 
of  rooms 

711  J.  J.  Shedlock—  Wet  gas  meters 

712  J.  J.  S.iedlock — Dry  gas  meteis 

713  H.  A    Bouneville — Porcelain 

714  H.  Mason,   G.   Hartley,  and  J.  Hindle— Looms 
for  weaving 

715  1    Hudson— Tilts  for  casks 

716  J.   Dickie— Uniting    parts    of  grates,    ranges, 
stoves,  &c- 

717  B.  Hunt — Road  locomotives 

718  W   R  L.ke— Turbice  wheels 

719  A.    M.    Clark— Fabric  applicable    as  umbrella 
coverings 

720  H-  W.  Goldring— Soap 

721  G.   Goldsmith — Signalling  from    one  port  of  a 
railway  train  t  >  another 

722  G.  H    T.  Fiuzel-Cooling  and  sifting  ground 
animal  charcoal 

723  R.  M.  Caffall  andD    Miller— Rendering  walls 
impervious  to  the  action  of  water 

J.  Henderson — Manufacture  of  iron 
725  J.  Ed«ards— I'erm^nect  way  of  railways,  Stc. 
7*6  W.  Saunders  aud  O.  Smith— Dressing  case  and 
bag 

727  G  Spencer  and  J.   Barker— Preserving   animal 
substances 

728  T.  Obach— Fuel  econcmisers 

729  W.  Walker — Expansion  slide  valve  gear 

Dated  March  10th,  1869. 

730  W.  R.  Lake— Devices  for  renderinggas  burners 
aelf  bghtiug 

731  B.  Britteu— Whips 

732  W.  Weldou— Obtaiuing  certain   compounds  of 
mangarese  from  chlorine  residues,  &c,     -s 


733  J.  Snx— Improvements  in  'the  receivicg  ins'ru" 

mentsof  A.  B.C.  telegraphs 
73-1  W.  Knowles— Mules 
735IR    Rule— Weaving- ornamental  fabrics 
736  C,  W.,  and  J.  Drake-Breaking  stoue,  &c. 
73i   F.  O.  Palmer — Conveying  goods,  &c. 
738  G.  Spencer — Preserving  corn 
789  A    Moncrieff-Mounting  ordnance 
7-10  D.  J  oh  u  sou— Decorticating  graia 

tDATED  March  11th,  1869.J 
741  J.  B.  Bern ier— Preservation  of  yeastT 
*42  T.     H.    Hainsstm— Back-wash     cbamber     for 

waterclosets  w 

-"!?  *V-Wel13— Apparatus  for  sanitary  purpura  * 

,44  G.  Glover-Imparting  colours    to    hydro-carbo- 
uaceous  fluids 

745  W.  H.  Claup— Signal  lanterns 

7  Id '  8°d  A-WaddlnStwla"d  P-  Bell— Condensing 

747  W.  BpHs— Capsules 

748  C.  H.  Cooper—  Whip  sockets 
U9  J.  Batnerate— Gas  meters 

l-°.  J!',-  £■  £«»■"«'— Cases  for  holding  cigars 
7)1  VV.  E.  Iveirlon— Adjusting  cords,  8cc 

7°A  Js»?dresei"kV°0d-Pr'!lmr'IJg  'he  "h°rti  draft3  °f 

753  J.  H.  Johnson-  Artificial  fuel 

754  H.Ormson — Boilers 

755  J.  M.  Napier— Metallic  moneys,  Skc 
75fi  G.  Smith— Finishing  woollen  clothe' 
767  F.  R.  Aikman-Pirearms 

758  T.  Beeley  and  D.  Hansou— WeldingTand  flauj. 
ing  plates  °  "«"s 

759  W.  R.  Lake— Spinning 

*?   Dated  March  12th,  1869. 

760  W.  Corhead— Goloshes 

761  E   F   R.  Lucas— Manufacture  of -soluble  phos 
phate  of  lime 

762  H.  J,  B   Kendal) — Preservative  paint 

763  J.  Porteous  and  H    Gibsou-Munufacture  of  to. 
bacco,  &c- 

764  D.  S.  Piice— Paving  Tor  roads 

765  E.  Pritchnfd— Safety  button 

766  G.  Bray— Connecting   and  disconnectiQe"anna- 
ratus    ■  6-  v* 

767  J.  Cooke— Ploughs 

768  H.  J.  Senant — Steam  cocks 

769  C.  E.  Brooman— Manufacture  of  salt  from  salt 
water 

770  L-Labadie — Magnetic  regulator 

771  J.  Duffey — Railway  biake 

772  A.  M.  Clark— Pulp  for  paper 

Dated  March  13th,  1869.1 
7"3  H.   C.  Bartlett   and   A.    G.    Southby  —  Paper 

774  W.H.Harfield-Capstans 

775  J.  B.  Palmer— Matches  and  fusees 

776  H.  Delattre— Tissue 

777  P.  B.   O'Neill  and  W.  H.  McNeight-Suspead- 
ing  blinds  and  shutters 

778  E  W.  and  M.  Slade— Cooking  apparatus 

779  J.  Thomas— Firearms 

780  C.  Vero— Hardening  and  felting  hats 

781  J.Thomlinson— Paper  and  textile  fabrics 

782  W.  T.  Carpenter — Gas  apparatus 

783  W.  R.  Lake-Firearms! 
7B4  J.  Tenwick— Ovens 

Dated  March  15ih,  1869. 
7S5  J.  Heuderson  and  T.  Brown— Water  cocks 
7e6  VV.  A   Martin— Steam  in  boilers 

787  E.  Saods — Rotarv  motion 

788  J.  C.  Shaw— Card  Grinder 

789  CD.  Ahel— Healds 

790  H.  D.  Rav.lings— Filling  bottles 

791  J  IG.  Jennings— Irrigating  land 

792  G.  P    Evelyn— S.ils,  rigging,  etc. 

793  J.R   Cuoper— Breech-loading  firearms 

794  W.  R.  Lake— Suam  vessels 

795  W.  R  Lake— Drilling  Machine 

Dated  March  16th,  1869.     ) 

796  J.  Taylor,  R.  Ingham,  and  J.  Sharplis— Carding 
engines 

797  VV.  A. Lyttle— Overland  land  wires1 

798  W.  McAdam  and  S.  Schuman— Pai'king  bottles 

799  O.  Wliitlaker.and  H.  and  l.VVallwork— Saddles 

800  F.  Render— Transport  of  Minerals  - 

801  W.  Campion — Sewing  machines 

802  VV.  Robertson— Mules  aud  twiners 

803  L  EDgel— Umbrellas,  etc. 

804  J.  L.  Norton — Looms 

805  VV.  and  C.  S.  Catt— Carriage  shafts 

806  E.  Roper— Printing  blocks,  etc. 

Dated  march  17th,  1869. 

807  J.  James — PowderB  into  pellets) 

808  E.  W.  P.  Gibbs— Velocipedes 

809  B.  Lftlham— Straining  sewage 

810  T.  Rickett— Velocipedes 

811  J.  J.  G.  Damitte,  J.   M.  Agnellet,  and  H.  D. 
Dubois — Pulp 

812  H.Claughton — Screw  Propellers 

813  J.  Heywood — Tapes  for  blinds,  etc. 
811  M.Rourke— Textile  fabrics,  etc. 

815  J.  Carter — Night  soil  closets 

816  Henry  Starr— Safety  ho-k  for  harness  | 

817  F.  Gillhnm— Hats.  etc. 

818  J.  H   Bennett — Steam  engines 

819  C.  F.  Glaus— Carbonate  of  Polaah 


Dated  March  lath, 


19.  "I 


820  J   RnmBbottom — Ventilating  railway  tt.on.els  ] 

821  T.  Martin — Supplying  ammunition,  etc. 

822  ti.  R.  Mather— Cuttiug  wood 

823  J   C.  Ramsden— Looms 

824  E.  Booth,  W.  P.  Gaulton.and  J.  Walls— Regu- 
lating the  admission  of  air  to  steam  boiler  furnaces 

825  J.  H.  Jolinxm Firearms,  etc. 

8^6  J.  T.  Darke^Sewage 

827  A.  de  Pindray — Smoke  consuming  apparatus 

828  W.  R.  Lake— Anchors 

829  S.  nnd  A.  Haycraft — Stationary  engines 

830  J.  Partington,  jun. — Smoke  consuming  apparatus 
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NARROW     GAUGE    LOCOMOTIVE. 

By   G.  England  &  Co.,  London. 

(Illustrated  ly  Plate  344). 

The  "  battle  of  the  gauges  "  which  was  fought  so  determinedly  under  the 
respective  leaderships  of  Stephenson  and  Brunei,  occurred  such  a  long  time 
ago,  that  comparatively  few  engineers  of  the  present  day  remember  all  the 
arguments  and  experiments  which  were  produced  on  each  side  in  support  of 
the  opinions  of  the  opposing  parties.  That  the  result  of  the  battle  was  a 
decisive  victory  for  the  narrow-gaugites  is  of  course  well  known,  but,  at 
what  cost  it  was  obtained  is  not  so  thoroughly  recognised.  The  opposing 
railway  engineor3  who,  up  to  that  period  had  been  content  with  engines 
capable  of  carrying  moderate  loads  at  moderate  speeds  vied  with  each  other 
in  tho  construction  of  huge  monsters  each  one  of  which  was  bigger  than  any 
of  its  predecessors ;  reminding  one  of  the  present  struggle  between  guns  and 
armour  plates,  whore  neither  contending  party  shews  any  sign  of  giving  in. 
If  this  latter,  the  cost  cannot  of  course  at  present  bo  estimated,  although  it 
can  even  now  be  put  down  as  tremendous,  and  of  the  former  a  much  better 
estimate  might  bo  made  if  the  published  accounts  of  the  various  railway 
companies  wore  capable  of  being  understood.  Some  of  the  consoquoncos 
however,  have  for  many  years  been  felt  by  the  older  railway  companies  and 
are  now  so  gonorally  appreciated  that  a  reaction  has  set  in.  Thus,  it  was 
soon  found  that  those  heavy  engines  driven  at  an  excessive  speed  were  con- 
stantly discovering  weak  placos  on  the  so  called  pormanent  way,  and  conse- 
quently shortly  after  the  quostion  of  gauge  was  finally  settlod,  the  speed  of 
tho  trains  was  materially  roduced  ;  but  even  then  it  wa3  found  nocessary  to 
strengthen  tho  pormanent  way  at  an  enormous  exponse.  Tho  system  of 
coupling  the  wheels  and  distributing  the  weight  of  tho  ongino  ruoro  equably 
has  no  doubt  contributed  towards  tho  alleviation  in  the  wear  and  tear  of  tho 
permanent  way  to  a  largo  extont,  but,  wo  think,  the  weight  is  still  out  of 
proportion  to  tho  strength  of  most  of  tho  existing  linos  of  railway.  Another 
evil  arising  out  of  the  battles  of  gauges  was  the  onormous  longth  of  whool  baso 
to  which  the  engines  gradually  attainod,  for,  as  the  ongineers  had  to  limit 
thoir  designs  to  a  certain  width,  tho  only  way  to  koep  on  increasing  tho  power 
of  the  onginos,  was  to  make  them  longor  and  longor  until  tho  curvos  in 
the  lino  prevented  any  further  olongation. 

A  ^  lias  alroady  boon  montionod  a  reaction  has  latoly  takon  placo,  and 
many  railway  engineers  are  advocating  a  large  roduction  in  tho  woight  of 
the  entire  rolling  stock  ;  for,  if  in  order  to  savo  the  pormanont  way  tho 
locomotive  is  to  be  made  lighter  tho  woight  to  bo  drawn  must  bo  lightor. 
By  this  it  is  not,  of  courao,  meant  that  fower  goods  aro  to  bo  carriod  as 
those  aro  convoyod  at  a  slow  rate  of  speed  ;  but  in  tho  caso  of  passongors 
who  always  insist  upon  travolling  at  "  railway  spoed  "  tho  woight  of  tho 
rolling  stock,  which  enormously  oxcoods  tho  woight  carried  might  bo  advan- 
tageously reduced.  It  in  strango  that  tho  various  railway  compnnios  do  not 
endeavour  to  romody  this  anomaly,  for  wo  may  bo  suro  that  no  private  firm 
whon  onco  thoy  know  thoy  wore  injuring  thomsolvos  by  using  anything 
onodapted  to  their  purpose,  would  go  on  for  years  without  attemp 
some  change.  Anothor  alteration  that  has  somo  advocatos  is  in  the  gaugo 
of  tho  lino,  and  not  being  satisfied  with  the  narrow  gaugo  vi  pose  a 

Mill  Miinllor  gauge.  This  of  courso  could  only  bo  practicable  in  Kngland  in 
tho  case  whore  thoro  is  not  tho  slightost  chance  of  offocting  a  junction  with 
oth ->r  lines  and  would  therefore  bo  of  vory  limited  application;  still  thoro 
have  boon  several  of  such  linos  proposed,  as  for  instance  a  .'(ft.  Gin.  gaugo  at 
Manchostor,  and  an  ovorhoad  lino  in  London  to  connect  Islington  with  tho 


city,  a  notice  of  which  has  already  appeared  in  the  Artizan.  An  account  of 
the  proposed  narrow  gauge  line  from  Manchester  to  Didsbury  was  given  a 
few  months  ago  to  the  Manchester  Institution  of  Engineers  by  tho  president 
Mr.  W.  W.  Hulse,  in  which  it  was  stated  that  the  railway  would  be  partly 
in  a  cutting  and  partly  tunnelled.  The  tunnel  would  only  be  10ft.  Gin.  high  ; 
the  quickest  curve  four  chains  radius  and  the  maximum  gradient  1  in  50. 
The  locomotives  were  not  to  oxceed  15  tons,  to  run  on  401b.  rails,  and  tho 
carriages  were  to  be  6ft.  wide,  6ft.  Gin.  high,  and  built  omnibus  fashion  to 
held  24  passengers.  The  weight  of  the  carriages  would  only  be  5  tons  each 
and  the  speed  25  miles  per  hour.  The  first  cost  of  this  line  was  estimated 
by  Mr.  Hulse  at  less  than  two  thirds  that  of  a  line  of  the  usual  4ft.  SHn. 
guage,  and  the  working  expenses  at  a  similar  reduction.  In  new  countries 
the  objection  to  anything  but  a  4ft.  8£in.  gauge  does  not  apply,  and  there 
have  boon  many  instances  where  narrow  gauge  lines  have  been  laid.  Thus 
in  Queensland,  Mr.  Fitzgibbon  has  adopted  the  3ft.  Gin.  gauge,  and  contends, 
that  while  it  is  considerably  cheaper  it  will  be  sufficient  for  the  traffic  of 
that  country  for  many  years.  Wo  cannot,  however,  agree  with  him  upon 
either  of  these  points,  for  although  it  is  somewhat  cheaper  to  construct,  the 
difference  where  the  land  can  be  obtained  for  a  trifling  sum — if  not  for 
nothing — is  not  very  great,  while  a  line  of  such  a  narrow  gaugo  must  be 
laid  and  kept  very  accurate  or  tho  rolling  resistance — not  to  say  tho  danger 
— would  be  very  great.  Again  to  say  that  such  a  gauge  will  be  sufficient 
for  a  great  many  years  to  como  is  a  rather  bold  assortion,  and  one  which  is 
not  borne  out  by  tho  experience  of  tho  growth  of  many  of  our  colonies  ; 
while  the  exponso  and  inconvenience  that  would  evontually  havo  to  be 
incurred,  when  tho  traffic  outgrow  the  linos,  would  be  enormous. 

Thero  is  one  description  of  traffic,  howovor,  whore  none  of  tho  objections 
just  mentionod  aro  applicable,  viz.,  whore  the  railway  is  einployod  for  a 
specific  purpose,  such  as  conveying  minerals  a  short  distanco  ovor  or  through 
a  difficult  pioco  of  ground.  It  is  woll  known  that  for  such  purposes  a 
narrow  gaugo  has  boon  in  common  uso  for  a  groat  many  years,  and  in  fact 
it  is  considerably  older  than  any  of  our  public  linos  in  oxistonco.  As  a 
vory  interesting  example  of  such  a  line  may  bo  montionod  tho  Fostiniog 
Railway,  one  of  tho  onginos  of  which  is  illustratod  in  tho  accompanying 
Plato  (.">44).  This  engino,  which  is  of  a  numbor  made  for  tho  samo  lino, 
by  tho  well-known  (inn  of  Me  r  i.  < ;.  Kngland  and  Co.,  Ilaleham  Ironworks, 
has  boon  constructed  to  run  on  a  2ft.  gaugo.  Tho  lino  is  about  fourtoen 
miles  long,  no  portion  of  which  is  level,  but  is  ontiroly  mado  up  of  gradients, 
varying  from  1  in  50  to  1  in  80,  with  a  groat  numbor  of  curvos,  somo  of 
which  aro  only  1 J  chains  radius.  Tho  usual  load  for  tho  onginos  is 50  tons, 
which  they  easily  draw  at  a  spood  of  about  twolvo  milos  an  hour.  Tho 
following  aro  a  fow  of  tho  loading  dimensions: — Cylindors,  Sin.  diameter, 
IL'in.  stroko ;  diameter  of  wheels,  2ft.  (four  coupled);  whool  base,  5ft.; 
heating  surfaco  in  fire-box,  22  Bq.  ft.:  tube  lurfaoe,  850  sq.  ft.:  total,  :i72 
sq.ft.;   aroa  of  Qi  inanity  of  tanks,  100  gallons;   do.  of 

coal  bunkers,  lewt.  ;   W<  Ight,    in  working  order,  10  tons.      An  inspection  of 
the  Plate  (844),  will  enable  our  I      i  toorreol   Ideo  of  all  the 

other  particulars,     Wo  may,  ho  ttion  one  peculiarity,  viz.,  that  in 

ordor  to  gel   the   machinery  conveniently  within  so  small  a  width,  tie> 
eccout'  ft,  whioh  Is  made  of  steel.  This  plan, 

of  courso,  does  not  admit  of  setting  them  afterwards,  but  if  osmfnll]  dons, 
no   adjustmenl    would    be    required,  and   it   ha  the   merit  of 

nevor  shifting  afterwards.    The  workmanship,  we  i I   loaroely  add,  is 

remarkably  good,  ami  fully  sustains  the  reputation   He    re,   England  and 
Co.  bavo  doservodly  gained  for  tho  excellent  character  of  their  work. 
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MODERN  IRRIGATION  WORKS. 

We  read  in  The  'Englishman's  Overland  Mail,  of  Calcutta,  dated  March 
9th,  1869,  that  the  area  irrigated  by  the  Ganges  and  Eastern  Jumna 
canals  for  the  late  Khurreef  (Autumn)  crops,  amounted  to  about  446,000 
acres,  that  is,  to  one-fifth  of  the  total  area  under  cultivation.  During  the 
year  the  increase  in  the  area  irrigated  is  given  at  90  per  cent,  for  the 
Ganges  Canal,  and  50  per  cent,  for  the  Eastern  Jumna  Canal. 

Now,  by  the  calculations  of  Mr.  Login,  we  find  that  one  square  mile  of 
canal  irrigated  land  can  produce  sufficient  to  feed  1,318  people,  but  as  the 
area  irrigated  during  the  summer  is  only  of  two-thirds  of  the  area  irri- 
gated during  the  Rubbie  (or  cold  season),  that  would  give  an  area  of 
669,000  acres,  or  more  than  1,000  square  miles  under  irrigation  during  the 
present  cold  season.  The  total  area  irrigated  during  this  year  of  scarcity, 
by  the  two  canals  of  "  The  Doab,"  will  therefore  be  equal  to — say  1,679 
square  miles,  which  would  thus  be  brought  under  irrigated  cultivation, 
and  be  capable  of  producing  sufficient  food  for  nearly  2j  millions  of 
human  beings.  According  to  Lieut.  Scott  Moncrieff's  calculation, 
however,  as  we  find  on  reference  to  bis  very  interesting  book  on 
"Irrigation  in  Southern  Europe,"  the  lands  irrigated  by  the  Turia  canals 
in  Valencia  support  a  population  of  no  less  than  1,774  souls  per  square 
mile.  Now,  this  calculation  would  give  the  numbers  as  2,978,546,  or 
nearly  3  millions,  instead  of  nearly  2\  millions,  as  modestly  put  by  Mr. 
Login. 

Furthermore,  upon  inquiry,  we  find  that,  for  the  Ganges  Canal  alone, 
the  revenue  for  this  year  is  estimated  at  £250,000  sterling,  and,  from 
evidence  in  our  possession,  we  believe  that  it  will  realise  this  large  sum  of 
a  quarter  of  a  million,  and  this  will  represent  over  7  per  cent,  upon  the 
cost  of  the  works. 

Surely  such  facts  ought  to  have  their  full  weight  and  influence,  and  we 
ought  not  hereafter  to  hear  of  such  wholesale  sacrifices  of  human  life  by 
famine,  as  have  from  time  to  time  occurred  in  many  portions  of  Her 
Majesty's  Indian  empire. 


SEA-GOING  TURRET  SHIPS. 

By  Admiral  Paris,  C.B. 

{Continued  from  'page  75.) 

We  will  now  consider  the  differences  between  the  conditions  of  stability 
of  these  vessels  and  those  of  the  usual  type.     The  roll  of  a  ship  is  entirely 
dissimilar  to  the  motion  of  a  pendulum,  and  more  like  that  of  a  "  see-saw  " 
with  periodical  impulses  ;  the  motion  being  greatest  when  these  impulses 
take  place  in  equal  times  with  the  roll  of  the  vessel.     Thus  a  ship  with 
vertical  sides  having  a  great   difference  in  displacement   for   a   certain 
difference  in  the  level  of  the  waves  upon  its  opposite  sides  than  a  vessel 
with  tumbling  home  sides,  receives  proportionately  greater   rolling  im- 
pulses; and  consequently  the  increased  stability  of  a  wall-sided  vessel  over 
one  with  tumbling  home  sides  also  increases  its  propensity  for  rolling, 
which  is  still  further  enhanced  by  the  inertia  of  the  weight  of  armour- 
plated  sides.     The  reason  why  a  monitor  does  not  roll  to  any  extent,  is 
because  the  variation  in  the  displacement  of  the  two  sides  ceases  as  soon  as 
the  water  flows  over  the  deck  and  causes  the  meta-centre  to  fall  suddenly, 
and  consequently  the  impulse  ceases  before  it  has  had  time  to  put  such  a 
heavy  mass  in  motion.     On  the  other  hand,  the  unusual   height   of  the 
meta-centre  causes  the  monitor  to  be  fixed  to  the  surface  of  the  water,  and 
as  that  varies,  she  varies  with  it,  but  no  more,  as  if  it  were  a  portion  of  the 
water  or  the  lump  of  ice  which,  it  will  be  remembered,  has  already  been 
employed  as  an  illustration.    The  truth  of  these  observations  has  been 
proved  in  practice  by  the  ocean  voyages   of  the  American  monitors.     It 
may  however,  be  said  that  there  is  an  important  difference  between  the 
form  of  the  vessels  illustrated  in  Plate  343,  and  that  of  a  monitor,  as  in 
the  latter  case  the  water  can  flow  freely  from  one  side  to  the  other;  while 
in  the  former  it  will  be  stopped  by  the  "  inner  vessel,"  or  the  part  of  the 
ship  rising  from  the  deck  some  distance  inside  her  skin.     But  it  is  evident 


that,  though  the  water  is  stopped  by  the  "  inner  vessel,"  it  continues  to 
act  upon  the  sunken  part  of  the  deck  as  it  would  on  a  monitor,  and  as  the 
ordinates  of  stability  act  as  their  cube,  the  influence  of  the  inner  vessel 
would  be  very  small  in  proportion  to  the  whole  breadth  of  the  ship,  and, 
consequently,  it  is  most  propable  that  it  would  have  but  little  effect  upon 
its  rolling  properties.  It  has  been  observed  that  monitors  roll  rather  more 
to  windward  than  to  leeward,  which  was  not  changed  by  the  pressure  of 
masts  and  sails;  and,  in  the  present  case,  as  the  water  is  prevented  from 
flowing  to  the  opposite  side,  it  will  continue  to  load  that  on  which  it  first 
flowed ;  it  is,  therefore,  to  be  expected  that  it  will  prevent  rather 
than  increase  the  rolling  of  the  vessel.  It  may,  perhaps,  be  feared  that  the 
upper  deck  would  be  constantly  wetted  by  the  water  breaking  against  the 
inner  sides  and  shooting  up  in  the  form  of  spray  in  a  manner  similar  to 
that  observed  when  the  waves,  flowing  over  a  sandy  beach,  suddenly  meet 
with  an  upright  obstacle ;  but  even  if  this  could  not  be  obviated — as  it 
most  probably  could  easily  be — it  would  only  be  a  source  of  inconvenience 
and  not  of  danger. 

Upon  referring  to  the  Plate  (343),  it  will  be  seen  that  in  the  design 
No.  1,  the  turrets  are  situated  in  a  position  similar  to  those  of  the  Monarch 
designed  by  Mr.  Reed,  C.B.,  but  a  little  further  apart,  as  in  the  monitors, 
the  length  thus  gained  being  taken  advantage  of  for  the  purpose  of  putting 
in  three  guns,  so  that  the  vessel  can  fire  a  broadside  of  seven  guns.  What- 
ever advantage  design  No.  1  may  possess  in  this  respect,  however,  it  can- 
not be  so  strongly  plated  as  that  shown  in  Fig.  2,  which  is  also  preferable 
as  being  cheaper,  handier,  and  possibly  quite  as  fast,  while  the  four  guns 
are  placed  very  advantageously.  The  vessel  shown  in  the  design  No.  3 
cannot  carry  as  heavy  armour  as  either  of  the  others,  as  will  be  seen  on 
reference  to  the  table,  where  all  the  data  are  collected.  Although  much 
has  been  said  about  the  advantages  of  a  low  fire,  Admiral  Paris  believes 
that  the  water  will  wash  into  the  ports  of  a  turret  ship  quite  as  much  as 
into  the  ports  of  a  broadside  ship  ;  besides,  for  acting  ngaiust  vessels  which 
are  not  plated  on  the  deck,  a  downward  fire  is  desirable.  Although  the 
advantages  in  this  respect  between  guns  situated  at  6  metres — or  rather, 
5-60  metres — and  four  metres  above  the  water  would  be  difficult  to  estimate, 
their  is  no  question  as  to  their  superiority,  with  respect  to  their  freedom 
from  water,  over  low  ports.  The  advantages  of  a  high  and  free  all-round 
fire  is  too  evident  to  require  demonstration,  and  may  be  obtained  in  a  ship 
having  a  fixed  bottom  with  but  a  small  additional  weight,  as  shown  by 
Admiral  Halsted. 

As  regards  vessels  with  revolving  turrets,  nothing  can  be  better  than  the 
designs  of  Captain  Coles,  the  plating  upon  the  turret  being  considerably 
stronger  than  that  upon  the  sides  of  the  vessel ;  because  a  turret  ship  has 
the  advantage  of  always  placing  herself  in  such  a  position  that  the  shot 
can  only  strike  her  sides  obliquely,  thereby  increasing  the  quantity  of 
metal  through  which  a  shot  would  have  to  pass.  But  as  the  turret  has 
to  receive  blows  in  every  direction,  it  is  necessary  that  it  should  be  more 
strongly  protected. 

As  regards  the  deck,  it  has  been  shown  in  the  case  of  the  floating 
battery,  Trusty,  that  placing  iron  plates  beneath  the  deck  planks  is  not  a 
sufficient  protection ;  the  Admiral  therefore  proposes  to  place  iron  plates 
upon  the  planks  of  a  thickness  of  '05  metres  over  the  outer  deck,  and  of  a 
thickness  of  -04  metres  on  the  deck  planking  of  the  "inner  vessel,"  these 
thicknesses  being  the  utmost  that  was  used  upon  the  American  monitors 
which  had  to  fight  against  forts.  By  this  means  the  vessel  would  be  en- 
tirely covered  with  armour  plating,  which  is  by  no  means  the  case  of  most 
European  ironclads,  where  an  inclination  of  5°  or  6°  would  enable  a  shot 
from  a  modern  gun  to  pierce  the  deck  planking  and  the  thin  plate  under- 
neath, and  to  strike  the  side  of  the  ship,  beginning  with  the  wooden 
backing,  as  was  the  case  with  the  Trusty.  By  the  adoption  of  this  cover- 
ing, the  men  would  be  much  better  protected  than  at  present ;  though,  as 
the  iron  upon  the  deck  of  the  "inner  vessel  would  soou  become  polished 
by  the  men's  feet,  it  will  be  necessary  to  cover  them  with  moveable  planks 
or  gratings,  which,  of  course,  can  be  easily  done.  That  portion  of  the  ship 
outside  the   turrets   would   afford  a  comfortable  space  for  the  ship's  com- 


May  1,  1869.  J 


THE  ARTIZAN. 


99 


pany.  The  sides  of  the  "  inner  ship"  would  be  made  with  diagonal— 
instead  of  vertical— frames  (as  shown  in  Plate  343),  as  these  sides  will  be 
the  main  longitudinal  strength  of  the  vessel,  and  securely  fastened  to  each 
end  of  the  vessel,  while,  to  make  them  watertight,  thin  plates  should  be 
fitted  between  the  cross  angle-irons  and  all  rivetted  together.  By  placing 
two  transverse  bulkheads  under  each  turret  and  bracing  them  to  these 
longitudinal  girders,  a  very  strong  foundation  will  be  formed,  and  the 
strain  distributed  over  the  whole  of  the  ship.  The  lower  sides  of  the 
"inner  vessel"  are  curved  inwards  towards  the  fore  end,  in  order  to  allow 
of  a  gallery  wide  enough  to  preserve  the  "  inner  ship  "  from  a  ram,  and 
amidships  coal-bunkers  take  up  part  of  these  galleries,  otherwise  thoy  would 
be  too  wide,  and  hold  too  much  water  if  the  vessel  was  pierced.  All  pro- 
visions and  heavy  weights,  such  a3  machinery,  &c,  are  placed  in  the 
"  inner  ship,"  in  order  to  make  the  outer  portion  of  the  ship  as  light  as 
possible,  the  only  weight  carried  by  that  being  the  armour-plate,  which 
of  course,  is  indispensible.  The  space  between  the  outer  and  inner  vessel, 
which  is  throughout  sufficient  to  protect  the  inner  one  from  being  rammed, 
is  divided  into  a  series  of  water-tight  bulkheads  for  greater  security,  and 
the  bottom  of  the  ship  is  constructed  upon  the  celular  system.  In  order 
to  obtain  a  free  all-ronnd  fire,  Capt.  Coles  fits  the  bulwarks  of  his  vessel 
with  hinges  in  such  a  manner  that  they  can  be  let  down  and  bang  over  the 
side ;  but  in  this  position  they  are  liable  to  be  damaged  by  the  waves.  It 
would,  therefore,  be  better  to  provide  a  recess  lined  with  iron  plates,  and 
running  along  the  water-way  into  which  the  bulwarks,  if  made  of  thin 
iron,  could  be  stowed  away ;  a  series  of  eyebolts  and  pins  could  easily  be 
arranged  so  a3  to  fix  them  up  as  strongly  as  permanent  ones. 

It  will  be  seen,  on  reference  to  the  Plate  (343),  that  twin  screws  have 
been  adopted.  This  has  been  done  because  they  are  the  only  convenient 
means  of  propulsion  for  ships  of  light  draught ;  that  tbey  enable  the  vessel 
to  manoeuvre  better  than  any  other  means — a  most  necessary  qualification 
in  modern  warfare  where  rams  are  employed — and  also  that  they  afford 
more  security  from  accident  than  single  engines,  as,  should  one  pair  of 
engines  break  down,  the  others  with  full  boiler  power  are  still  available.  It 
may  bo  here  obsorved  that  Admiral  Paris  recommended  in  his  '•  Art  Naval  a 
l'Exposition  do  1807,"  page  348,  the  adoption  of  a  species  of  Woolf  engine 
for  twin  screws,  in  which  by  a  very  simple  arrangement,  tho  high  pressure 
engino  on  one  side  gave  its  steam  to  tho  low  prossuro  cylindor  on  tho  other. 
For  tho  mast  thero  is  nothing  bettor  than  tho  tripod  system  of  Capt.  Coles, 
which,  no  doubt,  will  bo  ovontually  adopted  by  a  turret  ships.  As  it 
appears  to  Admiral  Paris  that  tho  present  plan  of  fixing  the  balanced 
ruddor  only  at  the  top  and  the  bottom  was  dangerously  woak,  ho  proposes 
to  have  a  common  stern  post,  but  with  tho  gudgoons  fixed  to  tho  side, 
instead  of  right  aft,  the  pintles  of  the  rudder  boing  also  on  tho  side  and  the 
stern  post,  and  the  ruddor  post  slightly  bent,  so  as  to  bring  tho  ruddor  in  lino 
with  the  keeL  As  the  whole  of  the  work  is  in  iron  tho  extra  thicknoss 
would  not  bo  objoctionablo,  whilo  tho  ruddor  could  bo  shipped  or  unshippod 
as  easily  as  at  present.  As  the  iron-clads  will  bo  at  times  roquirod  to  act 
as  rams,  it  has  been  thought  desirablo  to  supply  moans  whoreby  the  anchors 
may  liftod  inboard,  and  at  the  Exposition  there  was  a  model  upon  which  an 
arrangement  of  large  cranes  or  davits  was  fittod  for  tho  purposo.  Admiral 
Labrousso  proposed  a  cathead,  turning  on  its  base,  and  hold  with  a  tacklo 
from  the  masthead,  which,  together  with  a  second  tacklo  taking  hold  of 
the  fluke  of  the  anchor,  as  shown  in  tho  Plato  (343),  would  onablo  the 
anchor  to  bo  brought  inboard  very  easily. 

Of  tho  threo  designs  shown  in  tho  Plato  (343),  tho  second  appears  to  bo 
in  most  respects  tho    best,  as  tho  design   No.  1  would   be   very  ooetly  and 
scarcely,  if  at  all,  moro  powerful.     Tho  draught  of  water  in  eaob  of  thoso 
designs  is  vory   small,   to  onablo  them   to  go   into  harbonra  and  tl  l 
channels  which   would  bo  closed  to  most  of  the  prosont  it  while 

tho  flat  bottom  by  which  this  lightness  of  draught  [a  obtained,  does  not 
impair  tlm  apeed,  as  baa  been  proved  in  tho  enso  of  the  Vwnderhargi  which 
hns  attorned    l'4"2   knots  in  tho   hour.      As   regard  ■  rtton  Of  the 

length  to  tho  boam,  tho  ve  a  in  thoso  designs  will  probably  I 

siderod  too  short,  but  in  the  case  of  iron-clad*,  whoro  tho  *  foot  of 


side  is  so  much  greater  than  in  unarmoured  vessels,  it  is  probably  better  to 
put  up  with  less  efficiency  in  some  respects  and  endeavour  to  make  up  the 
speed  by  increasing  the  power  of  the  engines,  while  an  advantage  is 
obtained  in  quickness  in  manoeuvring. 

(To  he  continued.) 


THE  ABRADING  AND  TRANSPORTING  POWER  OF  WATER. 

When  the  very  interesting  paper  on  this  subject  was  read  at  the  Norwich 
meeting  of  the  British  Association,  by  Mr.  Thomas  Login,  C.E.,  F.R.S.E., 
it  was  at  so  late  a  period  of  the  sittings  that  too  little  attention  was,  we 
fear,  given  to  it  at  the  time;  but  it  struck  us  as  being  a  subject  of  the 
chiefest  importance  to  those  who  are  engaged  in  the  construction  and 
maintenance  of  those  great  engineering  works  required  for  the  irrigation 
of  our  Indian  Empire,  and  those  who  are  interested  in  their  usefulness  and 
productiveness;  and  generally  the  subject  of  the  paper  is  one  of  such 
scientific  interest  and  importance  as  to  merit  the  most  serious  and  imme- 
diate investigation  and  consideration. 

The  cost  of  conducting  a  series  of  useful  experiments,  on  such  a  scale  as 
would  be  practically  useful,  in  connexion  with  the  application  of  Mr. 
Login's  theories,  to  some  of  the  great  irrigation  canals  of  India,  would  be 
as  a  mere  bagatelle  to  the  vast  economies  it  would  effect  and  the  enormous 
influences  it  would  exert  iu  and  upon  the  construction  and  maintenance  of 
such  works  in  the  future ;  and  it  remains,  as  we  conceive,  rather  for  the 
Government  of  India  than  for  the  Royal  Society  or  the  British  Associa- 
tion for  the  Advancement  of  Science  to  undertake  such  a  series  of  experi- 
ments as  naturally  suggest  themselves  as  most  necessary,  which,  to  be  of 
real  practical  value,  ought  to  be  made  and  tested  here,  and  must  be  conducted 
upon  a  sufficiently  large  scale  to  ensure  reliable  results. 

Mr.  Login's  paper  is  full  of  suggestions,  so  valuable  that  it  is  exceed- 
ingly difficult  to  set  a  limit  to  the  number  of  important  engineering  and 
other  scientific  questions  involved  therein  and  likely  to  be  affected  thereby  ; 
but  amongst  the  many  questions  that  have  suggested  themselves  as  iuvolved 
in  or  affected  by  the  views  developed  in  Mr.  Login's  paper,  we  propose 
giving,  from  time  to  time,  a  few  of  them  in  a  series  of  short  articles. 

Its  Influence  on  the  Consideration  of   Geological  Questions. 

The  abrading  and  transporting  power  of  water  is  admitted  to  be  one  of 
the  thief  agents  nature  employs  in  transforming  the  surface  of  the  globe, 
nnda  knowledge  of  the  laws  of  this  power  would  open  a  wide  and  interest- 
ing field  of  research  to  the  geologist. 

If,  as  is  supposed,  this  power  of  running  water  is  directly  as  the  velocity, 
and  inversely  as  the  deptli,  we  can  at  once  determine  the  minimum  velocity 
that  could  transport  the  matter  which  forms  any  description  of  rock 
formed  by  aqueous  deposit  at  given  depths.  Should  this  rock  be  of  con- 
siderable thickness  and  show  signs  of  uniform  deposit,  the  fracture  being 
in  extended  parallel  layers,  wo  may  conclude  that  the  deposit  took  place 
in  deep  water  most  probably  ;  but  if,  on  the  other  hand,  the  stratification 
is  irregular,  intermixed  with  material  of  different  kinds,  of  various  specific 
gravities  and  sizes,  the  natural  conclusion  is  that  the  deposit  was  in  com- 
paratively shallow  water,  heavily  loaded  with  the  matter,  and  flowing  with 
great  velocity.  By  these  means  very  important  geological  facts  mny  bo 
established,  which  would  throw  light  on  many  vexed  questions  of  tho 
present  day. 

If  water  in  motion  has  already  got  its  load  proportional  to  the  depth 
and  velocity,  it  nppears  evident  that,  so  long  as  these  conditions  rcmaiu, 
there  can  be  no  tendency  to  scour  or  deposit ;  thus,  a  i ivcr  so  loaded,  may 
carry  in  suspension,  nnd  roll  along,  sand  or  even  shingle  over  a  bed  of  day 
without  disturbing  the  bed.  This  at  onco  explains  why  wo  often  find 
deposits  with  the  lightest  and  finest  particles  of  matter  lowest  and  the 
heavier  deposited  over  it. 

Tl  is  is  shown  on  a  great  scale  in  the  Bay  of  Bengal;   the  Ugh!  I 
is  carried,  oat  to  sea  end  deposited  In  deep  water,  hut  as  the  In  ad  ol 

l!i\   il   reached  and  the   depth  le*s,  sand  is  found  overlaying   the  But  mud  : 

thus,  in  a  series  of  ages,  the  deep  portions  become  silted  op  with  oley,  and 
by  the  strong  titles  at  the  Sand  Beads,  it  has  snffldenl  powt  t  to  post)  for 
ward  the  comparatively  heavy  sand,  which  it  has  all  the  more  power  I  •  do, 
by  the  deoraese  of  depth — for,  us  previously  shown,  tho  transporting  power 
is  inversely  as  the  depth. 
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Its  Action  in  the  Fobmation  or  Deltas. 

Suppose  we  take  the  average  yearly  rain-fall  in  a  tract  of  country 
drained  by  a  river  at  4ft.,  and  the  actual  evaporation  at  1ft.,  the  total 
discharge  of  water  into  the  sea  will  be  3  cubic  feet  during  the  year  for 
every  square  foot  of  area  drained. 

Again,  if  we  measure  the  volume  of  water  which  flows  down  the  river 
between  its  banks  during  the  same  period,  and  deduct  this  from  the  total 
discharge,  only  the  very  small  volume,  comparatively  speaking,  which 
inundates  the  country,  can  be  of  use  in  raising  the  surface.  For  the  sake 
of  argument,  we  will  suppose  this  to  be  one-third  of  the  discharge,  there 
would  be  thus  only  1ft.  which  conveys  earthy  matter  from  the  river  which 
holds  it  in  suspension,  while  from  this  a  deduction  is  necessary,  as  the  rain 
falling  on  the  land,  which  drains  into  the  the  river  when  it  is  not  in  very 
high  flood,  must  also  transport  from  the  spot  whereon  the  rain  fell,  a 
certain  quantity  of  solid  matter.  Small  though  this  may  be,  it  will  still 
be  an  appreciable  quantity,  which  we  will  suppose  to  be  one-third  of  what 
is  deposited  by  the  river  while  in  flood. 

Again,  supposing  the  solid  matter  held  in  suspension  in  a  river  when  in 
flood,  is  one  cubic  inch  to  one  cubic  foot  =  fj\f>  ^  would  take  144ft.  depth 
of  water  to  deposit  lin.  of  silt ;  and  as  only  1ft.  is  available  in  the  whole 
year  for  this  purpose,  under  the  above  conditions,  after  deducting  the 
third  washed  off  the  soil  by  the  river,  it  would  take  216  years  to  raise 
the  land  only  lin. 

Small  as  the  quantity  may  appear,  it  is  still  further  reduced  by  the 
greater  portion  of  the  solid  matter  being  deposited  on  the  river  bank,  so 
that  before  the  inundation  water  has  travelled  half  a  mile  from  the  river, 
having  to  filter  itself  through  thick  vegetation,  the  thick  muddy  water  of 
the  river  will  be  nearly  deprived  of  its  load.  So  much  is  this  the  case, 
that  if  we  take  a  tumbler  of  this  flood  water  out  of  the  parent  stream,  and 
drop  a  silver  piece  in  this  muddy  water  it  cannot  be  seen ;  but  take  a  sample 
of  this  very  same  water  a  short  distance  inland,  and  we  shall  find  it  com- 
paratively speaking  clear  water  and  fit  for  drinking.  Roughly  speaking 
therefrom,  we  may  say  that  the  water  has  at  and  near  the  river  bank, 
parted  with  four-fifths  of  its  load  if  not  more. 

Now  taking  the  area  drained  by  a  river  at    30  times  the  area  of  the 

area  of  the  flooded  Delta  and  from  this  we  obtain  — ^r — ■    =  36  years 

which  it  must  take  to  raise  the  land  of  the  Delta  of  a  river  one  inch,  and  one 

fifth  of  that  time  at  the  river  bank,  that  is,  if  the  water  held  ^noa  °^  *ts 

bulk  of  solid  matter  in  suspension.  In  round  numbers  we  may  say,  that 
to  raise  the  land  of  a  Delta  only  one  inch,  it  takes  some  fifty  years,  while  in 
the  vicinity  of  the  river  bank*,  which  are  constantly  falling  in  and  re-formed, 
and  owing  to  other  local  causes,  the  changes  may  be  very  great,  though  the 
average  be  small,  as  for  example  the  Nile  is  supposed  to  raise  its  bed  and 
banks  at  Cairo  some  5in.  in  100  years. 

The  whole  argument  deducible  from  the  above  is,  that  so  far  as  we  are  at 
present  affected,  or  many  generations  after  us  maybe,  by  embanking  rivers, 
and  thus  preventing  the  land  on  either  side  from  "warping-up,"  the  injury  can 
be  nothing  in  comparison  with  the  present  benefits  derived  therefrom  ;  so 
those  supposed  injuries  may  be  dismissed  from  our  minds,  and  our  attention 
should  be  fixed  on  those  immediate  evils  we  are  certain  of,  and  when  it  is 
known  that  often  plague,  pestilence,  famine,  and  even  sudden  death,  are  the 
consequences  of  floods,  it  should  be  our  duty  to  try  to  ward  them  off,  and 
leave  it  to  those  who  succeed  us  one  or  two  thousand  years  hence,  when 
science  will  have  greatly  advanced  to  devise  some  means  of  overcoming 
what  for  many  centuries  to  come,  may  without  danger  be  treated  as  a  bug- 
bear. 

That  deltas  are  being  raised  by  the  deposit  from  rivers  is  admitted  on 
every  hand,  but  great  diversity  of  opinion  exists  as  to  the  rate  at  which 
this  warping  up  takes  place,  and  some  may  be  liable,  from  observing  certain 
local  changes,  to  suppose  that  relics  discovered  at  great  depths  below  the 
present  surface  of  the  ground  were  deposited  at  these  depths  when  the 
surface  of  the  country  was  at  that  level.  Thus  when  remains  of  plants, 
animals,  or  even  man  and  his  handiwork,  are  discovered  overlaid  by 
deposits,  which  in  the  natural  course  of  events,  if  these  deposits  were  uni- 
formly spread  over  the  land,  such  raising  of  the  land  must  nave  taken  cen- 
turies on  centuries  to  accomplish.  The  discoverer,  who  does  not  take  into 
account  local  changes,  is  liable  to  he  led  away  into  speculations  that  are 
neither  of  use  to  science,  nor  to  his  weak  brother,  who  looks  on  only  the 
literal  translation  of  the  Bible  as  being  a  proof  of  its  inaccuracy.  The  mistake 
may  be  on  both  sides,  for  what  the  observer  of  nature  may  suppose  must 
have  taken  thousands  of  years  to  accomplish,  may  have  been  the  work  of 
only  a  few  years,  while  the  literal  translation  of  God's  work,  which  He  has 
given  us  for  our  guidance,  may  lead  others  to  as  great  mistakes  in  chrono- 
logical calculations. 

For  example :  at  the  present  day  deep  holes,  many  miles  inland,  may  be 
found  in  the  channels  of  our  rivers  even  exceeding  100ft.  below  the  level 
of  the  sea,  and  all  sorts  of  heavy  matter  may  be  deposited  in  them.     Sup- 


posing the  Bassine  River,  in  Burinah,  was  to  change  its  course  at  the  town 
of  that  name,  situated  more  than  70  miles  inland,  the  deep  hole  below  that 
town,  which  is  rather  more  than  100ft.  below  the  level  of  the  sea,  would  get 
silted  up,  and  this  could,  without  any  stretch  of  imagination,  be  accomplished 
in  a  few  years.  Now,  if  a  boring  should  thereafter  be  made  over  this  spot, 
and  the  anchor  of  one  of  Her  Majesty's  ships  of  war  which  may  have  been 
lost  at  the  taking  of  Bassine  in  1854  was  discovered,  would  it  not  be 
absurd  to  attach  great  antiquity  to  this  relic ;  and,  admitting  that  it  took 
50  years  to  raise  the  Delta  one  inch,  to  calculate  that  it  took 
50  x  12  x  100  =  60,000  years  to  form  the  deposit  overlaying  this  anchor  ? 
Should  such  a  relic  be  hereafter  exhibited,  aud  some  old  smith  from  Her 
Majesty's  dockyards  see  it,  he  may,  like  Edie  Ochiltree,  exclaim — 
"  Relics  here,  and  relics  there, 
I  mind  the  welding  o'  it." 
What  is  wished  to  be  shown  now,  is  that  there  are  at  present  sufficient 
local  changes  on  this  earth's  crust  at  work  to  explain  many  deposits  with- 
out its  being  necessary  either  to  attribute  great  antiquity  or  any  convul- 
sion of  nature  in  their  accomplishment.  When  the  abrading  and  transport- 
ing power  of  water  is  better  understood,  much  light  will  be  thrown  on  this 
interesting  and  important  subject. 

Its  Influence  on  River  Channels. 

A  knowledge  of  the  abrading  and  transporting  power  of  running  water 
is  a  matter  of  the  greatest  importance  in  enabling  us  to  deal  with 
questions  affecting  the  improvement  of  the  navigation  of  rivers. 

If  certain  velocities,  with  a  given  depth,  can  only  transport  a  given 
quantity  or  quality  of  solid  matter,  it  appears  evident  that,  if  the  quality 
be  changed,  or  the  quantity  increased  or  diminished,  the  navigable  features 
of  the  stream  must  also  be  affected. 

For  example :  If  the  up-lands  on  which  the  rain  falls  be  thoroughly 
drained,  the  water  must  flow  off  quicker,  and,  consequently,  the  floods 
down  the  river  must  be  increased;  thus,  by  the  increased  velocity  the 
river  obtains  the  power  cf  transporting  a  larger  quantity  and  denser 
description  of  matter  than  it  otherwise  could.  This  heavier  material,  on 
reaching  the  influence  of  the  tidal  water,  where  the  fresh  water  flowing 
down  only  bears  a  small  fractional  proportion  to  the  volume  which  flows 
up  and  down  every  tide,  at  once  loses  the  great  extra  veloeity,  and  the 
tidal  portion  of  the  river  remains  much  in  the  same  state  as  to  its  trans- 
porting power  as  it  was  before  the  drainage  of  the  uplands  took  place. 
As  a  natural  consequence,  this  heavier  matter  is  deposited  in  the  bed  of 
the  river,  the  deep  channels  get  silted  up,  and  thus,  what  was  once  a  good 
navigable  river,  becomes  year  by  year  worse.  The  injury  is  not  confined 
to  the  spot  where  this  deposit  takes  place ;  for,  by  making  the  upper 
channels  of  a  river  of  less  depth,  the  volume  of  water  which  flows  up  and 
down  at  every  tide  is  also  reduced,  and  thus  the  lower  reaches  of  the  river, 
by  having  this  reduced  volume  flowing  through  them,  become,  in  time,  also 
shallower. 

Again  :  In  our  English  rivers  it  has  been  the  habit  to  discharge  all  the 
refuse  of  our  towns  and  manufactories  into  them ;  the  load  or  work  thus 
given  to  the  flowing  water,  which,  except  during  freshes,  is  much  reduced 
in  power,  is  more  than  it  can  transport ;  the  refuse  is  deposited  over  the 
bed  and  banks,  and  thus,  not  only  do  our  rivers  become  unfit  for  fish  to 
live  in,  but  the  general  health  of  the  inhabitants  upon  and  in  the  vicinity 
of  its  banks  is  seriously  affected,  for  the  putrid  mud  banks  mast  send  forth 
pest  ilential  exhalations.  By  a  study,  therefore,  of  the  abrading  and  trans- 
porting power  of  water,  the  cause  of  this  deterioration  of  our  rivers  will 
soon  be  discovered,  and,  when  once  the  cause  is  known,  the  remedy  will 
soon  he  applied. 

The  navigability,  or  the  necessary  depth  of  rivers  to  be  fit  for  the  pur- 
poses of  navigation,  does,  it  is  believed,  in  a  great  measure  depend  on  the 
geological  formation  of  the  country  through  which  the  river  flows  and  by 
which  it  is  drained.  If  the  country  drained  consists  of  crystalline,  or  sand- 
stone rock,  it  is  evident  that  sand  will  be  the  chief  material  transported ; 
such  matter,  owing  to  its  size  and  shape,  can  only  be  set  in  motion  by 
high  velocities,  therefore,  it  is  only  during  floods  that  rivers  can  bring  the 
sand  down,  thus,  during  the  greater  portion  of  the  year,  the  water  in  such 
rivers  is  comparatively  free  from  solid  matter.  When  the  river  reaches 
the  influence  of  the  tides,  be  the  rise  and  fall  ever  so  great,  the  whole  effect 
on  the  river  bed  is  to  scour  the  sand  out  at  one  spot  and  deposit  it  at 
another ;  for,  though  the  velocity  in  the  tidal  estuary  may  be  sufficient  to 
transport  this  sand,  yet,  as  the  fresh  water  stream  bears  such  a  small  pro- 
portion to  the  volume  of  the  tidal  waters,  the  effect  is  simply  to  carry  a 
certain  quantity  of  sand  up  the  river  with  the  flood  tide,  and  during  the 
ebb  to  pick  up  a  slightly  greater  quantity  and  convey  it  down  stream. 
As  therefore  the  sand  of  the  bed  of  a  river  is  simply  picked  up  at  one  point 
and  deposited  at  another,  the  channels  become  shifting  and  uncertain,  and 
thus  the  navigation  is  impeded.  When,  however,  the  river  is  in  flood  and 
has  greater  power,  its  water-borne  load  of  sand  is  also  increased,  for  on 
such  occasions  only  is  the  river  able  to  transport  the  heavy  sand. 
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A  study,  therefore,  of  the  geological  formation  of  the  catchment  basiu  of 
a  river,  as  to  whether  it  he  crystalline  or  mud-producing  rocks,  will  at  once 
explain  why  one  river  should  not  he  navigable  at  its  mouth,  whilst 
another,  which  chiefly  transports  mud  or  light  particles  of  matter,  remains 
naturally  in  a  navigable  condition,  unless  overloaded  with  sewage,  &c. 
The  total  general  advance,  therefore,  of  the  matter  held  in  suspension  is 
only  the  proportional  difference  between  the  volume  of  the  fresh  and  salt 
water.  Thus,  supposing  the  mean  velocity  in  the  tidal  portion  of  the  river 
is  5ft.  a  second,  and  that  the  discharge  is  one  million  cubic  feet  per 
second,  whilst  the  volume  of  fresh  water  passing  down  is  only  1,000  cubic 
feet,  the  general  advance  of  the  fresh  water  during  the  ebb  tide  would  be 
2  x  lu5ou  =  ^  of  a  foot  a  second,  as  the  fresh  water  constantly  flows 
downwards,  where  it  is  beyond  the  influence  of  tides.  Thus,  instead  of 
the  matter  held  in  suspension  advancing  duriug  the  ebb  tide  20i  miles, 
the  whole  advance  is  only  about  l-5th  of  a  mile.  This  at  once  ex- 
plains why  experimental  floats  have  been  found  to  take  so  long  a  time  in 
passing  down  estuaries,  and  how  also  the  sewage  of  our  cities  which  is 
admitted  into  our  rivers  is  washed  up  and  down  the  river,  and  this  mostly 
at  a  season  when  the  river  is  lowest  and  the  sun  most  powerful. 

Its   Influexce   ox  the  Formation  op   Babs    at  the   Mouths  of 

Ritees. 

One  of  the  oldest  and  strongest  of  controversial  subjects  which  lias  been 
discussed  by  engineers  is  regarding  the  formation  of  bars  at  the  mouths  of 
rivers ;  but  they  appear  to  be  the  natural  result  of  two  contending  forces, 
and  their  general  direction  is  that  of  a  horse-shoe,  or  in  a  curved  Hue  con- 
vex towards  the  sea.  By  this  peculiar  form  the  matter  is  deposited  so 
as  to  resist  the  abrading  and  transporting  power  of  water  by  obtaining 
an'extension  of  length ;  thus,  the  volume  of  water  has  to  be  spread  over 
an  extended  line,  and  the  volume  discharged  over  any  given  point  is 
reduced  to  a  minimum,  as  in  the  case  of  rapids  formed  by  boulders, 
which  generally  take  a  similar  form.  The  matter  is  thus  arranged 
go  as  to  be  able  to  withstand  the  scour  of  flowing  water,  which  it  could 
not  do  if  contracted  to  a  narrow  channel. 

In  some  cases,  however,  where  the  matter  carried  down  is  comparatively 
light  and  the  outflow  of  fresh  water  is  very  great,  in  proportion  to  the 
tidal  water,  and  this,  at  the  same  time,  is  aided  by  strong  tides  in  holding 
the  matter  in  suspension,  bars  are  not  formed,  but  channels  are  kept  open 
where  bars  would  otherwise  exist;  these  channels  are,  however,  always 
liable  to  changes,  caused  by  large  floods  or  by  gales  of  wind.  Were  floods 
and  tides  the  sole  operating  causes,  the  general  direction  of  these  channels 
would  probablj  be  in  a  direct  line  to  the  deepest  water  ;  but  it  has  been 
observed  that  the  course  of  these  channels  are  bent  off  by  the  directiou  of 
the  prevalent  gales. 

Again:  Where  almost  only  fine  mud  is  brought  down  by  a  river,  and 
where  there  is  both  a  large  volume  of  fresh  water  and  a  considerable  rise 
and  rail  of  the  tide,  without  a  heavy  sea  beating  on  the  coast,  there  is  a 
gradual  shelving  of  the  bottom  into  deep  water  without  either  bars  or 
sand  hanks.  Where  the  sea  is  almost  tideless,  as  in  the  Gulf  of  Mexico,  and 
the  river  brings  down  chiefly  soft  mud,  a  bar  exists,  though  it  only  consists  of 
fine  mud,  hut  so  soft  and  moveable  that  it  is  forced  into  the  Gulf  when  the 
Mississippi  is  in  Hood;  and  it  again  approaches  the  river  in  the  dry  season. 
Thit  no  doubt  La  caused  by  the  deposits  being  chiefly  inside  the  bar  when 
the  river  is  low,  and  when  the  river  is  in  flood  it  is  picked  up  and  deposited 
outside  the  bar.  The  general  advance  of  the  bar  seawards  is  338ft.  yearly, 
or  nearly  1  mile  in  16  years. — See  Ilumphrey  and  Abbot's  report,  p.  443. 
Through  this  mud-bar,  channels  known  by  the  name  of  passes,  are  formed 
by  the  river  at  various  points;  in  this  case  the  operating  cause  is  the 
same;  namely,  the  deposit  tikes  place  where  the  transporting  power  is  no 
longer  aide  to  hold  in  suspension  all  its  load.  Within  this  bar  the  river 
has  still  the  power  to  hold  iis  load  of  mud  iii  suspension,  the  channel  being 
still  comparatively  contracted,  and  thus  the  main  channel  is  deep,  but  as 
tin-  tie-.li  water  escapes  right  and  left  through  the  passes  over  the  mud-bar, 
though  "  t  be  velocity  is  from  8ft.  to  .Tift,  per  second,  sufficient  to  transport 
sharp  sand  or  even  ci  arse  gravel,"  it  is  thus  demonstrated  that  when  once 
water  li.is  •_-..•  :i  load  of  matter  held  in  suspension,  due  to  its  velocity,  it  is 
unahle  to  pick  op  moiv,  for  if  it  could  do  eo  the  mud-bar  could  not 
exist. 

What  appears  to  t  iko  place  in  this  nue  is  that  the  fresh  water,  being 
lighter  than  the  salt,  the  fresh  water  floats  on  and  over  the  sea  to  a 
depth  of  from  Cft.  to  8ft.  ju-t  outside  the  passes.  The  outflow  acts  on  the 
salt  water  below,  causing  a  similar  outflow  of  the  upper  stratum  of  the 
salt  water,  where  the  two  waters  come  in  contact,  till  ultimately  this 
fresh  water  current  is  overcome  and  the  two  waters  become  mixed.  To 
balance  this  outflow  of  the  salt  wnter  near  the  surface,  a  counter  current 
below  must  flow  inwards  along  the  bottom  ;  but,  as  the  fresh  water  loses  its 
Velocity  as  it  gets  out  to  sea,  so  must  it  give  an  Its  surplus  load,  and  thus 
there  must  be  a  constant  sinking  of  the  mud  through  the  several  under 
currents,  liy  these  means  the  mud  which  was  carried  OUl  OVCT  the  bar  by 
the  surface  fresh  water  is  brought  back   by  the  bottom  salt  water  current 


coming  in  from  the  Gulf  to  fill  up  the  void  caused  by  the  surface  salt 
water  which  had  been  forced  out  by  the  fresh  water.  But  as  the  bottom 
current  cannot  have  sufficient  velocity  to  hold  the  matter  in  suspension, 
it  is  deposited,  and  thus  the  bar  is  formed  (see  diagram).     What  is  clearly 
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shown  in  this  case,  is  that  even  soft  mud  is  not  disturbed  by  water  flowing 
over  it,  which  has  already  its  load  of  mud  held  in  suspension,  even  though 
the  velocity  with  pure  water  would  have  been  sufficient  to  sweep  away  a 
foundation  of  coarse  gravel.* 

With  bars  at  the  mouths  of  our  English  rivers  the  case  is  different, 
for  here  we  have  strong  tides,  with  only  a  very  small  volume  of  fresh  water 
in  comparison  with  that  which  is  salt,  so  there  cannot  be  this  observable 
outward  flowing  surface  and  inward  flowing  bottom  currents,  though  the 
flood  tide,  when  first  making,  may  steal  in  at  the  sides  and  even  below  the 
out-going  ebb,  as  both  waters  are  nearly  of  the  same  specific  gravity. 

In  the  case,  therefore,  of  bars  to  our  rivers,  if  the  channels  could  by 
any  means  be  contracted  out  well  into  deep  water,  so  as  to  give  to  the  out- 
flows and  inflows  a  sufficient  power  to  keep  a  deep  channel,  the  probability 
is  that,  extending  the  contraction  well  out  to  sea,  the  currents  which  flow 
parallel  with  the  coast  would  prevent  any  bar  forming.  As  to  the  prac- 
ticability of  such  a  scheme  no  opinion  is  offered  here.  The  object  is  to 
show  that  bars  as  well  as  any  other  deposits  are  the  results  of  the  water 
being  unable  to  transport  its  load,  and  thus  the  depth  decreases  till  the 
proper  balance  is  established. 

The  Effect  of  Shortening  Ritees  bt  "  Cut-offs." 

The  effect  of  shortening  the  course  of  a  stream,  is,  it  has  been  supposed, 
to  deepen  the  channel  by  increasing  the  velocity  towards  the  sea,  and,  by 
so  doing,  to  lower  the  height  of  floods.  As  "cut-offs"  are  often  easily 
made,  and  as  the  immediate  effect  is  to  lower  the  flood  levels  just  above  thi 
cut-off,  private  interest  will  tend  to  induce  a  man  to  try  the  experiment, 
whatever  may  be  the  effect  on  the  property  further  down  the  course  of  the 
river. 

A  study  of  the  abrading  and  transporting  power  of  water  would  cause 
anyone  but  he  who  only  looks  to  present  self-interest  to  hesitate  before  he 
attempts  to  shorten  the  course  of  a  river.  If  the  abrading  and  trans- 
porting power  of  water  increases  with  the  velocity  and  decreases  with  the 
depth  ;  and  also,  if  certain  velocities  of  given  depths  can  only  convey  a 
given  load,  and  that  there  will  always  he  a  tendency  to  adjust  the  load,  or 
the  length  or  breadth  of  the  stream,  according  to  any  change  in  the  con- 
ditions, caution  should  he  observed  in  attempting  to  deal  with  nature 
under  such  conditions,  as  inadvertently  serious  injury  may  be  produced 
which  cannot  afterwards  be  remedied. 

If  we  look  at  the  general  character  of  rivers,  one  broad  feature  is  that 
the  slopes  decrease  as  the  sea  is  approached  ;  another  is  that,  as  a  general 
rule,  as  the  slope]  decreases  so  does  the  relative  depth  increase,  that  is,  in 
streams  with  great  fall  where  they  pass  through,  or  rather  over,  alluvial 
plains,  in  most  cases  the  breadth  is  great  compared  with  the  depth,  or  the 
channel  is  very  tortuous.  Nature,  therefore,  so  as  to  obtain  d<"pth,  takes 
a  mors  or  less  tortuous  course ;  and  if  we  attempt  to  shorten  the  course  of 
a  river,  it  may  eventually  be  found  that  we  have  made  it  broader  and 
shallower,  if  it  cannot  again  increase  its  length. 

The  immediate  effect  of  a  "cut-off,"  however,  is  to  lower  the  surface  of 
the  river  above  the  cut  and  to  raise  it  below  the  cut,  and    this  1ms  bean 
clearly  shown   to  be  the  case  on  a  grand   scale  on  the  Mississippi,  wl 
in  "cut-offs"  have  been  made. 

Mr.  Kllct,  in  his  able  work  on  this  river,  has  stated  tome  romarkahlo  facts 
regarding  the  effects  of  " cut-offs,"  and  this  lowering  above,  ami  raising 

the  surface  of  the  Moods  la-low  these  "  CUt-offS "  is  One  of  them  I  another 
is  that  the  velocity  is  very  much  Increased,  vet  the  widening  "!  the 
channel  is  not  so  soon  effected  as  one  would  naturally  suppose,  and  Mr. 
Ellet  says  that  "centuries  may  roll  by  before  that  part  of  the  Mississippi 
is  opened  as  wide  as  thoaverage  dimensions  of  the  channel.  ' 

Mow  to  apply  the  supposed  laws  of  the  abrading  ami  transporting  powsjr 
of  water,  the   above    examples   prove   tint,  at   the  top   <<l    the  ••  cut-Mil"," 
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owing  to  the  increase  of  velocity,  the  immediate  effect  is  to  scour  out  the 
bed  and  lower  the  surface  level.  In  other  words,  the  river,  by  the  in- 
creased velocity,  has  got  the  power  to  transport  a  greater  load  of  solid 
matter;  and  this  it  does  so  long  as  this  increased  velocity  is  maintained; 
the  moment,  however,  the  river  again  begins  to  attain  its  natural  velocity, 
the  water  parts  with  this  extra  load  and  the  bed  is  raised ;  with  it  the 
surface  level  of  the  river  is  raised  also,  and  hence  the  injirious  effects  on 
the  country  along  the  river  below  the  "cut-off."  Regarding  the  slow 
process  of  widening  which  has  been  observed,  it  has  been  before  stated 
that  the  channel  is  deepened,  and  hence,  as  the  transporting  power 
decreases  with  the  depth,  and  the  river  from  up  above  is  already  (where  it 
flows  in  its  natural  state)  loaded  with  its  due  proportion  of  solid  matter, 
the  water  has  not  such  an  increased  power,  as  may  at  first  sight  be 
expected,  to  carry  forward  more  earthy  matter.  So  it  is  a  work  of  time 
to  widen  the  channel ;  but,  wherever  a  new  cut  is  made,  the  immediate 
effect  is  to  deepen  rather  than  widen  the  cut  where  the  river  takes  to  the 
new  channel. 

This,  however,  is  not  always  the  case ;  for  often  a  broad  shallow  cut  is 
made  much  shorter  than  the  natural  channel,  and  yet  the  river,  instead  of 
flowing  down  this  new  cut,  silts  up  its  mouth  so  that  the  short  cut  to  all 
intents  and  purposes  becomes  useless,  and  it  is  owing  to  the  waters  of  a 
river  highly  loaded  with  earthy  matter  flowing  down  at  a  considerable 
velocity,  having  to  pass  down  a  much  shallower  channel  than  the  natural 
one.  The  hydraulic  mean  depth  of  the  new  channel  being  so  much  less 
in  comparison  to  the  natural  one,  even  though  the  fall  is  greater,  jet  the 
water  has  not  velocity  sufficient  to  transport  the  load  of  silt  the  river  brings 
down,  much  less  to  pick  up  any  more,  and  so  the  heavily-charged  water  of 
the  stream  sends  down  the  new  channel  only  a  portion  of  the  flood  waters, 
which,  parting  with  its  load,  forms  a  bar  across  the  mouth  of  the  new 
cut  and  eventually  blocks  it  up. 

from  the  above  it  will  be  observed  that,  in  some  cases,  short  "  cut-offs  " 
do  not  act  in  the  manner  commonly  anticipated,  and,  when  they  do  act, 
they  are  sometimes  attended  with  danger,  so  that  the  greatest  caution  should 
be  observed  before  deciding  upon  making  them. 

It  was  at  one  time  suggested  to  cut  a  new  channel  for  the  Thames 
through  the  Isle  of  Dogs,  and  the  probable  effect  would  first  of  all  have 
been  to  deepen  the  channel  higher  up,  so  as  perhaps  to  endanger  the 
foundations  of  London-bridge  and  other  property  along  the  river  bank, 
and  after  having  done  all  the  harm  it  could  in  that  way,  afterwards  either 
to  widen  the  channel,  owing  to  this  greater  fall,  or  tend  to  increase  the 
length  of  the  channel  somewhere  else,  till  it  got  back  to  its  normal  state. 


AMERICAN   DREDGING  MACHINE. 
By  D.  S.  Howard,  C,E. 

No  dredging  machine  is  equally  well  calculated  for  all  kinds  of  dredging 
under  various  circumstances.  Some  underwater  excavations  are  required 
to  be  continued  through  dry  land,  and  the  deposits  made  on  the  banks;  at 
other  places  the  height  of  the  banks  requires  the  excavated  material  to  be 
put  into  lighters.  As  the  lighters  in  such  cases  cannot  be  placed  along- 
side at  all  times,  the  deposits  must  be  made  over  the  stern.  Other  work 
is  situated  in  water  sufficient  on  all  sides  to  float  the  machine  and  lighters, 
which  requires  another  modification  of  the  machinery,  in  order  that  it  may 
be  economically  adapted  to  the  situation. 

There  are  variations  of  the  material  also,  in  which  no  invariable 
machinery  will  work  equally  well.  Wherefore  I  have  generally  heretofore 
constructed  dredging  machines  expressly  for  particular  works,  without  any 
view  to  the  execution  of  any  other  work.  But  I  have  frequently  found 
circumstances  to  vary  the  conditions  of  the  same  work,  so  much  that  two 
or  more  machines,  very  different  in  construction,  are  required  to  complete 
it  with  economy. 

From  these  considerations,  after  long  experience  in  constructing  and 
working  dredging  machines  of  various  descriptions,  under  a  great  variety 
of  circumstances,  I  have  prepared  the  following  plans  of  a  machine,  which 
has  been  found  capable  of  heiug  adapted  to  a  very  large  range  of  circum- 
stances and  situations. 

Such  a  construction  is  more  valuable,  since  the  improvements  made  in 
the  materials,  the  manufacture  and  the  construction  of  the  machinery  ren- 
der it  so  much  more  durable  that  its  usefulness  is  extended  beyond  the 
immediate  purposes  for  which  it  was  originally  constructed. 

Fig.  1  is  a  side  view  of  a  portion  of  a  dredging  machine  calculated  to 
deposit  in  lighters,  over  the  stern  or  at  the  sides,  as  occasion  may  require. 
It  is  also  calculated  to  work  with  any  shaped  bucket  best  adapted  to  the 
material  to  be  excavated. 

Fig.  2  is  an  end  view  of  the  same,  showing  the  facilities  for  lateral  de- 
posit.    The  same  letters  refer  to  like  parts  in  each. 

A  is  the  driving  chain-wheel,  geared  to  the  engine  by  the  wheels  and 
shafting  shown  in  Figs.  1  and  2. 


B  designates  the  buckets   attached    to  the  chains    shown   in  Figs.  1 
and  2. 


C  represents  the  centre  cylinders,  with  the  spiral  scrapers  and  hooks,  for 
loosening  and  conveying  the  material  to  be  excavated,  from  the  centre, 
each  way,  to  the  buckets. 
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D,  in  Fig.  2,  represent  short  cylinders  on  the  ends  of  the  cylinder  shaft, 
E,  Fig.  1,  with  spiral  scrapers  for  conveying  the  material  to  be  excavated, 
from  the  outside  to  the  buckets. 

The  short  cylinder  on  the  port  side  of  the  dredge,  Fig.  1,  is  left 
off,  to  show  the  lower  chain  wheels  and  the  lower  attachments  to  the 
ways. 

F  is  one  of  the  lower  chain  wheel?,  attached  to  the  cylinders  and 
driver  by  the  chains,  in  the  same  manner  as  the  chains  are  driven 
by  the  driving  chain-wheel,  A,  by  cams  fitting  into  alternate  links  of  the 
chain. 

G  is  one  of  the  flange-wheels  seen  in  Fig.  1,  over  which  the  chain  passes 
before  descending  to  the  lower  chain-wheels,  F. 

H  is  one  of  the  movable  frames,  which  Suspends  the  flange-wheels,  G, 
on  rollers  running  upon  ascending  ways  provided  with  powerful  pur- 
chase-wheels, terminating  in  a  pinion  working  in  a  descending  rack,  shown 
in  Fig.  1. 

This  purchase  is  worked  by  a  cog-wheel  on  the  flange-wheel  shaft  (not 
shown  in  the  drawing),  working  in  a  wallower  wheel,  when  thrown  into 
gear,  for  the  purpose  of  raising  the  buckets  from  the  bottom  when  re- 
quired, by  forcing  the  flange-wheels,  G,  up  the  inclined  ways.  When  the 
machine  is  not  in  motion,  the  wallower  wheel  may  be  thrown  out  of  gear, 
and  worked  by  hand,  with  a  long  double  crank,  K,  Fig.  2. 

By  the  motion  of  the  bucket  in  the  direction  of  the  arrows,  the  excava- 
ted material  is  brought  up,  and  if  it  is  to  be  deposited  over  the  stern,  it  is 
dumped  into  the  movable  spout,  L,  Fig.  1,  which  is  attached  to  the  axis  of 
the  flange-wheel,  G,  by  the  extension  of  its  sides,  and  moves  fretly  within 
the  stationary  spout,  M,  allowing  the  flange-wheel,  G,  to  be  drawn  up, 
when  necessary,  with  the  movable  frame,  H,  without  changing  its  proper 
position,  for  receiving  the  contents  of  the  buckets  as  they  pass  over  the 
flange-wheel,  G. 

B,  Fig.  3,  is  a  perspective  view  of  a  bucket  used  iu  the  arrangement  for 
depositing  over  the  the  stern.  It  is  provided  with  a  loose  bottom,  which 
drops  with  the  load  about  two  inches,  rendering  the  discharge  perfectly 
certain  when  at  work  in  the  worst  kind  of  material. 

When  the  situation  of  the  work  is  such  as  to  require  the  deposit  to  be 
made  on  the  bank,  or  into  the  lighters  alongside,  a  bucket  like  B,  Fig.  4, 
is  put  on  the  chain,  in  place  of  B,  Fig.  3,  which  dumps  into  the  lateral 
spouts,  situated  between  the  driving  chain-wheel,  A,  and  the  flange-wheel, 
G,  by  the  tripping  of  the  latch  which  lets  fall  the  whole  under  side  of  the 
bucket,  hinged  to  the  bolt  that  fastens  the  bucket  to  the  chain.  This  in- 
sures the  discharge  of  the  most  difficult  material. 

The  short  receiving  spouts  uuder  the  buckets,  and  the  one  between 
them,  arc  hung  on  pivots  in  the  centre,  so  that  either  end  may  be  elevated, 
and  the  contents  of  both  sets  of  buckets  discharged  on  either  side,  or  both 
•id'-',  as  may  be  desired. 

When  the  work  is  situated  in  water  deep  enough  in  front  of  the  dredge 
to  float  the  loaded  lighters,  the  buckets  like  B,  Fig.  5,  are  brought  into 
requisition,  which  damps  through  the  bottom,  the  latch  to  which  may  be 
tripped  anywhere  mi  tlieir  perpendicular  way  up,  and  discharged  into  a 
short  vibrating  spout,  which  conveys  the  material  directly  into  the  lighter 
placed  much  nearer  than  it  can  be  in  any  other  arrangement.  Thus  saving 
power  in  proportion  to  the  height  of  discharge. 

A  gang  of  hook,  is  sometimes  put  upon  the  chains  between  the  buckets, 
when  working  in  hard,  coarse  material,  like  cobble  stone,  shale,  or  hard- 
pan.  The  chain  is  so  constructed  that  any  shaped  bucket,  or  any  other 
device  for  loosening  the  material  that  might  be  found,  in  practice,  to  be 
preferable,  mi»y  be  put  upon  it.  All  the  article  here  represented  have  been 
fully  tested,  and  found  very  useful  in  their  places.  No  sacrifice  of  power 
or  of  economy  in  working  has  been  required  to  enable  us  to  use  all  these 
appliances  on  the  same  machine  ;  on  the  contrary,  the  perpendicular  posi- 
tion of  the  working  part  of  the  chains,  and  their  passing  around 
three  drums  instead  of  two,  are  great  improvements  under  all  circum- 
stances. 

The  perpendicular  application  of  power  secures  a  great  economy  of 
friction,  in  the  wear  of  rollers,  ways,  &c,  especially  where  no  lubricating 
material  can  be  used,  nor  the  wearing  purts  secured  from  the  destruc- 
tive action  ot  sand  and  water,  which  most  always  be  present  in  dredg- 
ing. 

The  third  drum,  which  constitutes  the   flange-wheels,  G,  enables   us  to 

raise  the  buckets  fiom  the  bottom  in  the  manner  above  mentioned  with  0.1 

changing  the  perpendicular  position  of  the  working  pari  of  the  chain.     It 

i  lie  best  possible  position  for  the  discharge. of  bucket-,  like  I!, 

Pig. 8,  at  all  times  when  tint   kind  ofbuoketS  Bl  U*0,  that  of    I!, 

Fig.  1,  which  damps  between  the  two  upper  drums,  requiring  nearly  a 
horizontal  position  to  discharge. 

The  bucket  l'..  Fig.  5,  is  equally  well  accommodated.  This  ono  may  be 
dumped  anywhere  on  the  perpendicular  pari  of  the'  chain,  by  raising  or 
lowering  the  vibrating  -pout  which  trips  the  latch.    This  is  the  moil 

economical  of  all  the  different  buckets,  where  ciroumsta nre  favourable 

for  its  use,  as  it  dumps  with  perfect  freedom  all  kinds  ol  material,  and  is 


discharged  at  a  much  less  elevation,  on  account  of  its  better  relative  posi- 
tion with  respect  to  the  lighters. 

In  working  these  machines,  a  pully  is  anchored  at  a  convenient  distance 
ahead,  with  a  feed  line  passing  from  one  of  the  feeding  capstans,  P, 
through  the  pully  and  back  to  the  other  capstan,  either  one  of  which,  or 
both,  may  be  worked  by  the  adjustable  machinery  to  any  required  motion, 
by  a  change  in  a  series  of  clutches  above — or  a  series  of  wheels  below-deck  ; 
while  the  spiral  cylinders  below  water,  with  the  buckets,  clear  the  way  to 
the  full  width  of  the  dredge,  and  to  the  depth  required,  bringing  up  the 
material  and  depositing  it  in  lighters,  or  on  the  banks,  or  at  any  any  dis- 
tance in  any  direction  horizontally,  not  exceeding  one  in  twelve  of  the 
altitude  overcome,  by  supporting  a  spout,  lined  with  sheet  iron  of  the 
length  required,  on  a  movable  support,  that  it  may  coincide  with  the  feed 
motion  of  the  dredge. 

The  distance  from  the  dredge  at  which  the  deposit  is  required,  deter- 
mines the  length  and  inclination  of  the  spouts.  Something,  however,  de- 
pends upon  the  nature  of  the  material  excavated.  If  it  contain  clay,  or 
vegetable  matter  sufficient  to  prevent  the  water  from  draining  out  too 
soon,  it  will  run  on  a  descent  of  one  inch  to  the  foot,  without  more  water 
than  the  buckets  bring  up  with  it;  but  if  the  material  be  pure  sand  or 
gravel,  a  pump  will  be  required  to  assist  iu  the  discharge,  without  more 
inclination  of  the  spout. 

These  machines  can  be  constructed  with  any  dimensions  to  suit  the 
magnitude  of  the  work,  provided  the  proper  proportion  of  the  parts  be  pre- 
served for  strength,  motion,  power,  and  durability.  These  considerations 
are  very  important  for  the  success  of  any  machinery,  more  particular  such 
as  is  supported  on  a  floating  foundation. 

As  yet,  I  have  never  been  called  upon  to  build  a  dredging  machine  that 
would  excavate  more  than  three  thousand  cubic  yards  in  a  day  of  ten  hours, 
but  one  may  be  built,  with  economy,  to  raise  double  that  amount,  rather 
than  build  two  for  the  same  work,  as  only  the  same  number  of  men  are 
required  on  the  dredge,  all  the  additional  help  being  that  required  to  dis- 
pose of  the  excavated  material. 

The  Central  American  Transit  Company,  with  William  H.  Webb  as 
President,  and  J.  K.  Body,  Vice-President,  built  one  of  these  machines,  on 
a  small  scale,  in  1867,  for  the  purpose  of  improving  the  San  Juan  river,  in 
Nicaragua,  and  the  harbour  at  its  mouth,  which  was  capable  of  raising 
three  thousand  cubic  yards  per  day,  and  was  worked  with  great  satisfac- 
tion, until,  by  some  misunderstanding  between  the  Company  and  the 
Government  of  Nicaragua,  the  work  was  suspended. 

'  Another  machine,  with  some  of  the  above  improvements,  was 
built  in  1857,  for  the  Corpus  Christi  Ship  Channel  Company,  in  Texas, 
with  which  the  Channel  was  finished  to  sixty-four  feet  in  width, 
without  the  use  of  a  lighter,  except  to  support  the  long  spout  in 
which  was  run  off  the  excavated  material,  on  an  inclination  of  one  inch  to 
a  foot. 


ADMIRAL  WARDEN'S  REPORT  ON  THE  CHANNEL  SQUADRON" 

The  following  report  from  Rear-Admiral  Warden  upon  the  qualities  of 
the  ships  composing  the  Channel  Squadron  during  the  month  of  June  last, 
is  scarcely  so  interesting  as  it  would  have  been  had  the  weather  proved  a 
little  less  lamb-like.  So  far,  however,  as  it  describes  the  behaviour  of  the 
various  vessels  in  calm  weather  it  is  valuable,  and  we  therefore  give  it  as 
under : — 

"  Of  all  these  the  Hellerophon  is  the  readiest  and  most  easily  handled 
under  steam,  and  she  has  the  most  powerful  battery  under  the  thickest 
armour.  Under  sail  she  is  slow,  and  stows  a  small  quantity  of  fuel,  but  is 
very  economical  in  expenditure.  Her  principal  defects  as  a  fighting  ship 
I  consider  to  be,  that  the  guns  in  her  battory  arc  placed  too  close  together  ; 
the  absence  of  upper  deck  armaments,  an  1  the  want  of  lire  in  the  line  of 
keel,  under  armour,  as  well  as  the  inefficiency  of  the  bow-gun,  which  is  on 
the  main-dock.  I  do  not,  believe  that  iu  chase  of  an  enemy's  ship  she 
could,  by  any  possibility,  fire  her  bow-gun,  the  projecting  bow  helping  the 
sea  to  roll  up  to,  in,  and  on  her  nmindeck,  flooding  it  and  compelling  (In- 
closing of  the  port.  On  one  occasion,  30th  of  June,  when  steaming  head 
to  wind  5J  knots  (force  of  wind  .">),  in  reply  to  the  signal,  "  Can  you  fight 
bow-gun  P"  the    answer    was    "Yes,   with   closing  the   port  occasionally." 

The  absence  of  upper  deck  armament  is.  [presume,  to  be  accounted  Ibi 

by  the  fact,  that  the  ship,  as  originally  designed,  was  not  Intended  I  >  1  i.i % . - 
any  Upper  (leek,  and  lis  this  WBfl  an  afterthought,  it  was  prepared  to  carry 
guns. 

"The  next  class  to  be  noticed  is  tho  Prince  Consort  and  Royal  Oik. 
They    were    built   tO  serve  a   particular  purpose,  at    what   u:is    considered   S 

critical  period.    They  were  general!]  viewed  as  s  makeshift,  and, bi 

merely  wooden  liino!  h:il  t  ]e  ships  cut  down  and  armoured,  they  are  not 
likely    U)    be    repeated.       Never'  EeleSS,  t  hey   have    good    qualities;    tiny 

armoured  throughout,  are  powerful  ship-.,  handy  onder  steam,  from  being 

short,  with   good   speed,   and   do  Sufficiently   well   under  sail.     Theti    I 
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sumption  of  fuel  is  very  great.  They  roll  very  much,  and  so  deeply  that  I 
am  of  opinion,  now  that  ironclad  ships  are  taking  the  place  of  wooden  line- 
of-battle  ships,  it  is  worthy  of  all  consideration  whether  it  is  not  advisable 
to  make  them  coastguard  ships  after  putting  them  in  a  state  of  thorough 
repair  in  every  respect ;  they  might  then  last  for  years.  Under  existing 
circumstances,  if  they  are  much  at  sea,  it  is  not  to  be  expected  that  they 
will  be  worth  repair  at  the  expiration  of  their  present  commission. 

"  I  now  come  to  the  Defence  and  Pallas.  The  former  is  a  very  handy 
ship  under  sail,  especially  with  her  screw  raised,  is  very  economical  in  her 
expenditure  of  fuel,  but  an  indifferent  performer  under  steam.  A  proof  of 
it  may  be  found  in  the  fact  that  on  the  30th  of  June,  when  practising 
evolutions,  force  of  wind  5,  squadron  steaming  5£  knots,  head  to  wind, 
with  a  slight  easterly  swell,  when  she  lost  her  station  some  little  distance, 
she  was  utterly  unable  to  regain  it,  although  she  was  making  54  revolu- 
tions by  signal.  On  her  trial  at  the  measured  mile,  in  March,  1862,  52 
revolutions  gave  her  a  speed  of  nine  knots,  according  to  the  official  record. 
In  fact,  she  never  did  get  into  her  place,  and  the  evolution  was  not 
completed.  As  the  experiments  now  taking  place  on  board  the  Pallas  are 
to  be  made  the  subject  of  special  report,  I  need  not  further  advert  to  them 
in  this  place,  nor  do  I  think  it  necessary  to  say  more  about  that  ship,  as 
her  qualities  are  sufficiently  well  known  ;  and  I  do  not  suppose  there  is  the 
least  probability  of  a  second  ship  of  the  same  class  being  ever  built. 

"  The  Minotaur,  the  Achilles,  and  the  Warrior  are  three  very  noble 
ships.  The  last  named,  however,  I  look  upon  as  the  least  valuable  of  the 
three  ;  her  unarmoured  ends,  exposure  of  steering  wheel,  her  rolling  pro- 
pensities (as  compared  with  the  other  two),  are  defects  which  are  not  com- 
pensated for  by  any  good  qualities  superior  to  theirs.  The  first  and 
second,  notwithstanding  their  great  length,  which  of  necessity  carries 
with  it  some  disadvantages,  have  many  great  qualities.  They  steam  at 
high  speed ;  the  Achilles  is,  under  sail,  everything  that  could  be  expected 
in  an  armoured  ship  unable  to  raise  her  screw;  and  no  doubt  the  Minotaur 
would  do  equally  well  if  she  were  masted  in  the  same  way,  which  I  con- 
sider she  ought  to  be  the  first  favourable  opportunity.  The  Minotaur  is 
more  heavily  armed  than  the  Achilles,  having  four  12-ton  9-inch  guns  on 
the  main  deck,  and  two  6^-ton  guns  on  the  upper  deck,  which  fire  in  a 
line  with  the  keel,  under  the  protection  of  armour,  being  the  only  ship  in 
the  squadron  which  possesses  this  advantage,  and  is  armoured  throughout, 
having  5£  inch  plates,  tapering  to  3£in.  These  are  great  advantages  over 
a  ship  in  other  respects  so-  nearly  alike,  but  in  the  great  and  all-important 
point  of  the  capacity  for  fighting  their  guns,  they  are  both  alike,  rolling 
as  nearly  as  possible  to  the  same  extent,  which  is  a  minimum  as  compared 
with  other  ships ;  and  of  this  respect  of  steadiness  of  platform  upon  which 
to  fight  their  guns,  I  believe  they  stand  out  unrivalled  and  unsurpassed 
by  any  ship  which  has  ever  been  built.  Believing,  as  I  do,  that  this  in- 
valuable property  of  steadiness  is  due  to  the  form  of  the  ships,  and  the 
proper  distribution  of  the  weights  on  board  them,  and  not  to  be  attributed 
to  their  great  length,  this  question  has  constantly  forced  itself  on  my 
mind — viz.,  is  it  not  possible  to  build  a  broadside-ship,  heavily  armed, 
adequately  protected,  of  such  a  length  at  to  secure  sufficient  speed,  and  to 
be  at  the  same  time  a  handy  ship,  and  of  such  a  shape  and  form  as  to  roll 
as  little  as  the  Monotaur  and  Achilles  ?  Unless  this  question  can  be 
answered  positively  in  the  negative,  I  have  a  full  conviction  that  it  ought 
to  be  attempted,  so  long  as  broadside-ships  continue  the  most  important 
and  formidable  part  of  our  navy. 

"  My  own  idea  of  the  proper  theory  of  ironclad  ships  is  this,  that  they 
should  always  be  built  of  iron,  be  armoured  throughout,  be  as  heavily 
armed  as  possible,  and  possess  bow  and  stern  fire,  at  least  to  the  same  ex- 
tent as  the  Lord  Warden  and  Lord  Clyde.  Perhaps  the  time  has  arrived 
when  the  enormous  increase  in  the  power  of  artillery,  and  the  increased 
weight  and  thickness  of  the  armour-plates,  which  have  become  necessary  to 
resist  the  projectiles  now  in  use,  render  the  carrying  out  of  this  theory  of 
ironclad  ships  impractible.  If  this  be  so  it  would  seem  to  follow  that  if 
guns  are  to  be  used  of  such  a  weight  that  the  whole  length  of  the  broad- 
side cannot  be  made  use  of  to  carry  them,  and  the  space  which  they  occupy 
is  too  great  to  admit  of  their  being  protected  by  a  thickness  of  armour 
capable  of  resisting  the  shot  which  will  be  brought  against  them,  it  seems 
to  follow,  I  say,  that  the  turret-ship  is  a  necessity.  Guns  of  any  weight 
can  be  placed  in  turrets,  armour  of  almost  any  thickness  can  be  carried 
round  them,  and  it  will  then  only  be  necessary  to  protect  the  water-line 
■with  a  belt,  as  heavy  and  as  thick  as  the  ship  can  bear.  These  conditions 
carried  out,  it  remains,  of  course,  that  the  turret-ship  should  be  constructed 
so  that  she  should  be  a  habitable  and  comfortable  ship  for  the  officers  and 
men,  with  a  sufficiency  of  sail  power  to  enable  her  to  meet  the  varied  re- 
quirements which  are  usually  made  on  a  British  man-of-war.  The  question 
again  naturally  arises.  Is  it  impossible  to  build  such  a  ship  ?  The  con- 
ditions above-stated,  which  seem  to  render  a  resort  to  turret-ships  inevita- 
ble, seem  also  to  point  out  that,  in  the  broadside-ship,  armour-plating  will 
eventually  have  to  be  given  up  everwhere,  except  at  the  water-line  and  at 
the  bow  and  stern,  to  protect  guns  firing  in  a  line  with  the  kepi.  In  ships 
built  completely  of  iron,  with  guns  as  heavy  as  they  are  capable  of  carry- 
ing, protection   must  be   reduced  to  minimum,  and    shot   and  shell   be 


allowed  to  find  their  way  through  and  through  the  iron  fabric,  perhaps 
with  less  damage  to  ship  and  life  than  if  thoy  had  been  checked  in  their 
progress  by  armour- plating.  The  subject  of  '  ramming  '  I  approach  with 
great,  diffidence.  It  is  one  which  exists  principally  in  the  region  of  specu- 
lation. I  am  not  one  of  those  who  think  that  in  the  next  naval  war 
ramming  will  rank  before  artillery  as  a  mode  of  attack;  but  I  believe 
firmly  that  it  will  play  a  very  important  and  formidable  part  in  all  future 
engagements.  Possibly  some  naval  actions  will  be  decided  by  the  indepen- 
dent and  energetic  action  of  some  individual  captain  seizing  the  fortu- 
nate moment  and  the  right  opportunity  for  running  his  enemy  down  at  a 
high  speed.  It  is  as  clear  as  anything  can  be  that  so  long  as  a  ship  has 
good  way  on  her,  and  a  good  command  of  steam  to  increase  her  steam  at 
pleasure,  that  ship  cannot  be  what  is  called  '  rammed ' ;  she  cannot  even  be 
struck  to  any  purpose  so  long  as  she  has  room  and  is  properly  bandied. 
The  use  of  ships  as  rams,  it  appears  to  me,  will  only  be  called  into  play 
after  an  action  has  commenced,  when  ships,  of  necessity,  are  reduced  to  a 
low  rate  of  speed,  probably  their  lowest.  I  therefore  apprehend  that  it 
would  be  consistent  with  prudence  and  good  tactics  always,  when  going 
into  action,  to  hold  in  reserve  a  portion  of  the  squadron  or  fleet  (and  that 
whether  the  force  was  large  or  small,  whether  the  enemy  were  numerically 
superior  or  otherwise)  to  act  as  rams ;  and  wnen  the  action  had  commenced, 
and  noise  and  smoke  and  fire  were  doing  their  work,  the  reserve  to  be 
brought  into  play  to  act  independently,  as  circumstances  might  require. 
For  this  purpose  ships  must  be  made  capable  of  playing  their  part,  and 
strengthened  on  purpose  to  perform  such  duty  and  the  form  of  bow  which 
I  believe  best  calculated  to  deal  the  hardest  blow,  and  carry  with  it  the 
greatest  amount  of  destruction,  is  the  straight  upright  stem  of  the  Achilles 
or  the  slightly  curved  one  of  the  Minotaur,  rather  than  the  projecting  prow 
of  the  Bellerophon  and  others  of  a  similar  form.  The  result  of  the  expe- 
rience gained  when  the  Amazon  '  rammed '  a  small  steamer  in  the  Channel 
is  not  encouraging.  I  believe  also  on  this  subject,  as  well  as  on  very 
many  others  connected  with  naval  warfare,  that  the  first  great  action  at 
sea  between  ironclad  squadrons  or  fleets  will  dissipate  and  cast  to  the 
winds  many  of  our  preconceived  opinions  and  theories,  disturb  many  of 
our  prejudices,  and  throw  an  entirely  new  light  on  the  whole  subject." 


WEBSTER'S    TUBE-PLATE    CUTTEE     EOR     STEAM    BOILERS. 

By  the  ordinary  method  of  preparing  the  tube-plates  of  steam  boilers 
for  the  reception  of  the  tubes  after  the  sheets  are  laid  out,  with  lines  that 
intersect  at  the  points  corresponding  with  the  intended  centres  of  the 
tubes,  the  centres  are  first  marked  with  a  punch ;  small  holes  are  then 
drilled  through  the  plate,  and  the  latter  is  finally  bored  to  the  size  required 
with  a  pin  or  teat  drill.  The  first  small  holes  are  required  for  the 
steadying  of  the  teat  drill  making  the  larger  holes  for  the  tubes. 

The  object  of  the  invention  shown  in  the  accompanying  engravings  is 
to  dispense  with  that  portion  of  the  labour  hitherto  required  for  the 
drilling  of  the  preliminary  small  holes,  and  this  end  is  secured  by  means 
of  a  tool  that  may  be  centered  in  the  centre-punch  or  prick -punch  markings, 
where  it  is  held  steadily  while  the  holes  for  the  reception  of  the  tubes 
are  being  bored  through  the  plate  by  the  advance  of  the  cutters. 

To  attain  this  end  the  apparatus  consists  of  a  new  arrangement  of  a 


FIG  .1 


Fl  C.2. 


circular  cutter  and  spring  centre,  by  which  the  circular  head  forming  the 
cutter  is  fitted  to  the  tool-stock  and  is  retained  by  a  key  working  in  a 
slot.  When  the  centre  is  placed  in  a  centre-punch  marking,  the  drill  may 
be  fed  down  to  the  plate  and  passed  through  it,  while  the  centre  remains 
in  the  marking  and  holds  the  cutter  securely,  the  spring  yielding 
gradually  as  the  boring  and  the  feeding  progress. 
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Fig.  1  is  a  longitudinal  section  of  the  same,  and  Fig.  2  is  an  outside  view 
of  the  improved  tool. 

The  socket,  a,  may  he  fitted  to  a  machine  in  the  usual  manner.  It 
carries  a  circular  cutter,  b,  which  is  secured  by  the  lantern  lock -pin,  c. 
This  lock  corresponds  with  the  direction  of  the  cutting  of  the  cutter,  so 
that  it  remains  fastened  when  the  drill  is  being  used  or  being  withdrawn, 
and  may  be  readily  unfastened  by  simply  turning  it  back  when  it  is 
required  to  move  the  cutter.  The  centre,  d,  is  retained  in  the  socket  by 
the  key,  e,  that  works  in  a  suitable  slot,  and  it  is  pressed  outwards  by  the 
spring,  f,  which  should  have  sufficient  force  to  resist  any  tendency  to 
lateral  displacement.  When  the  tool  is  pressed  towards  a  plate  to  be 
drilled,  the  spring  yields,  and  the  centre,  d,  remains  in  the  centre-punch 
marking,  while  the  cutter  advances  and  passes  through  the  plate. 

By  means,  therefore,  of  the  yielding  centre  in  combination  with  the 
circular  cutter,  a  circular  disk  may  be  cut  at  once  from  the  plate  instead 
of  first  drilling  a  small  hole  and  then  cutting  away  all  the  rest  of  the 
metal  with  an  ordinary  pin  drill.  A  single  socket  may  be  fitted  with 
several  sizes  of  cutters  made  with  offsets,  as  may  be  required. 


PATENT  LAW. 

Numerous  and,  as  we  consider,  just  complaints  are  constantly  being 
brought  against  the  present  defective  state  of  the  law  with  regard  to 
Patents.  In  some  instances  these  defects  are  most  glaring,  and,  as  might 
be  expected,  are  to  he  found  where  the  litigation  has  been  most  protracted. 
In  order  to  establish  our  position,  we  will  give  some  illustrations  drawn 
from  a  few  of  the  most  celebrated  infringement  cases,  and  consequently 
begin  with  : — 

The  Bovill  Litigation.    (No.  1.) 

In  the  following  narrative  of  the  litigation  arising  out  of  the  late  Mr. 
G.  H.  Bovill's  patents  of  1819,  for  improvements  in  the  manufacture  of 
wheat  and  other  grain  into  meal  and  flour,  we  shall  in  all  instances  give 
the  very  words  of  the  judges,  and  shall  expose  ourselves  to  the  imputation 
of  being  prolix  in  quotation  rather  than  deserve  the  suspicion  that  we 
suppress  the  context  by  which  their  expressions  might  have  been  made 
less  obscure  or  startling. 

Mr.  Bovill  had  in  18-16  obtained  a  patent  for  an  improvement  in  the 
manufacture  of  flour,  consisting  in  means  for  forcing  air  at  higher  than 
atmospheric  pressure  between  the  grinding  surfaces  of  millstones  by  closing 
the  eye  of  the  top  stone. 

In  an  affidavit  sworn  in  1857,  Mr.  Bovill  spoke  of  thi3  invention  in 
these  terms,  which  it  will  be  well  to  bear  in  mind  : — 

"  The  invention  described  in  the  last-mentioned  specification  was  of 
great  public  utility,  and  was  brought  into  general  use ;  but  it  was  found, 
in  the  process  of  grinding  grain  in  wills  made  with  the  improvements 
described  in  that  specification,  a  great  quautity  of  the  stive,  or  fine  dust 
produced  in  the  process  of  grinding,  was  carried  with  the  plenum  of  air 
(forced  by  the  blast  between  the  millstones)  into  the  chamber  of  the  mill 
I  to  occasion  not  only  great  loss,  but  to  be  very  injurious  to  the  lungs 
of  persons  engaged  in  the  mill." 

The  patent  of  1810  with  which  we  are  concerned  was  granted  for  four 
improvements,  thus  described  in  the  original  specification  : — 

"  The  first  part  of  my  invention  consists  in  making  the  bed,  or  under 
stone,  rotate  instead  of  the  upper  one  as  heretofore  practised. 

"  Secondly,  in  an  arrangement  for  ventilating  grinding  surfaces  of  mill- 
stones, and  the  introduction  of  air  through  the  top  stone,  when  fixed,  cither 
by  blowing  or  exhaustion. 

"Thirdly,  in  exhausting  the  air  from  the  cases  of  millstones,  combined 
with  the  application  of  a  blast  to  the  grinding  surfaces. 

Fourthly,  in  separating  the  stive,  or  dust  of  flour,  from  the  air  when 
exhaustion  or  blast  is  employed  to  facilitate  grinding  and  preventing  the 
dust  and  waste  in  the  mill." 

Tin-  formal  claims  were  in  these  terms  : — 

'•  What  I  claim  is. :  Find.  Making  the  bed  stone  rotate  instead  of  the 
top  one,  as  heretofore  practised. 

"Second.  Fixing  the  top  stone  and  causing  currents  of  air,  either  by 
exhaustion  or  pressure,  to  pass  between  the  grinding  surfaces  of  millstones 
when  the  top  stone  is  so  fixed,  and  in  the  introduction  of  the  ventilating 
pipes  in  the  stones  as  herein  described. 

"Third.  In  exhausting  the  dusty  air  when  the  same  has  been  blown 
through  the  grinding  surfaces  of  the  millstones  from  the  stone  cases  or 
chambers  receiving  the  meal,  as  herein  described. 

'And,  lastly,  I  claim  the  passing  of  the  dust  or  stivo  caused  in  the 
process  of  grinding  through  suitable  porous  fabrics  by  which  the  flour  is 
filtered  from  the  air,  as  herein  described." 

We  must  quite  further  the  practical  directions  for  parrying  out  the 
third   part  of  the  invention. 

"In  carrying  nut  the  third  part  of  my  invention  when  working  mill 
stones    with    a  blast  of  air,    I  introduce  a  pipe  to  the  mill  stone  case  from 


a^  fan  or  other  exhausting  machine,  so  as  to  carry  off  all  the  warm  dusty 
air  blown  through  between  the  stones  to  a  chamber,  as  hereafter 
described,  by  which  the  dust  in  the  mill  is  avoided,  and  the  grinding 
improved.  And  this  part  of  my  invention  relates  only  to  sucking  away 
the  plenum  of  dusty  air  forced  through  the  stones,  and  not  to  employing 
a  sufficient  exhausting  power  to  induce  a  current  of  air  between  the 
mill-stones  without  a  blast,  this  having  before  been  practised  as  above- 
mentioned  " — which  refers  to  a  preceding  passage  in  these  words,  air  has 
also  been  exhausted  down  through  the  eye  of  the  top  stone  when  running, 
and  between  the  grinding  surfaces  —  I  do  not  therefore  claim  this 
principle,   except   when  worked  in  combination  with  a  fixed  upper  stone." 

The  earliest  recorded  proceedings  in  reference  this  patent,  are  contained 
in  some  papers  printed  by  order  of  the  House  of  Commons,  in  April  1853, 
on  the  motion  of  Mr.  Kaikes  Currie.  These  papers  contain  notes  of  a 
series  of  trials  at  Her  Majesty's  Steam  Mill,  in  the  Royal  Victualling  Yard, 
Deptford,  commencing  in  April  1847,  and  concluding  in  September,  1852. 
The  country  has  remained  in  sad  ignorance  of  the  benefits  Mr.  BovilFs 
improvements  have  secured  to  the  milling  trade  as  reported  upon  at  the 
close  of  these  trials.  The  saving  per  quarter  by  use  of  his  improvements 
was  stated  to  be  about  2s.  6d.,  and  the  reports  secured  for  Mr.  Bovill, 
a  royalty  of  6d.  per  quarter.  The  value  of  a  series  of  trials  like  these  is 
reduced  very  low  by  observing  that  Mr.  Bovill,  in  December  1852,  offered 
to  take  the  Deptford  mill  into  his  own  hands,  and  to  manufacture  the 
Government  corn  with  his  machinery  at  about  3s.  per  quarter,  whilst  in 
February  1847,  he  had  stated  in  a  letter  to  Captain  Sir  John  Hill,  that 
"the  cost  of  grinding  wheat  is  admitted  by  all  millers  to  be  about  2s. 
per  quarter." 

This  is  not  the  time  to  enter  upon  a  detailed  examination  of  the  various 
particulars  shown  in  these  papers.  We  are  concerned  with  the  litigation, 
and  notice  the  Deptford  trials  only  because  they  have  had  so  marked  an 
influence  upon  much  of  that  litigation. 

In  May  1855,  Mr.  Bovill,  filed  a  disclaimer  of  the  first  part  of  his 
invention,  as  he  had  been  "informed  and  believed  that  the  making  the 
bed  or  under-stone  rotate  instead  of  the  upper  one,  was  not  at  the  date 
of  his  letters  patent  a  new  invention,"  Thus  the  inventions  or  parts  of  the 
invention  undisclaimed  became  parts  1,  2  and  3,  instead  of  parts, 
2,  3  and  4. 

The  first  actual  litigation  was  the  action  of  Bovill  v.  Keyworth  and 
Selley,  tried  at  the  Guildhall,  before  Lord  Campbell,  and  a  special  jury,  on 
the  4th  and  5th  of  July  1856.  Neither  this  nor  any  other  action  seemed 
to  have  been  for  infringements  of  this  invention  (now  No.  1)  of  fixing 
the  top  stone  &c.  The  one  complaint  in  this  action  was  for  infringement 
of  claim  No.  2.  (originally  No-  3)  for  using  an  "exhaust  in  combination 
with  a  blast,"  and  in  his  opening  address  the  nature  of  the  question 
for  trial    was  thus  distinctly  explained  by    Mr.  Bovill' s  counsel. 

Mr.  Knowles,  Q.C.  (for  the  Plaintiff)  !  I  shall  not  contend  that  a 
Blast  or  an  Exhaust  is  new. 

Attorney  General,  (for  the  Defendant) — nor  so  applied  to  this  particular 
purpose, — we  say  that  the  Blast  for  introducing  the  current,  and  the 
Exhaust  for  withdrawing  it  are  old,  and  that  the  combination  is  also  old. 

Mr.  Knowles :  I  believe  for  this  purpose  a  blast  is  new — at  any  rate 
the  combination  is  new. 

The  Attorney  General  :    That  is  the  issue. 

We  give  some  further  extracts  from  the  short  hand  notes  of  this  trial, 
so  that  the  final  judgment  may  he  better  appreciated. 

In  examination  by  his  own  counsel,  Mr.  Webster,  Mr.  Bovill  was  asked  : — 

'2.  Does  the  obstruction  of  the  interval  between  the  stones  by  the  meal 
being  ground  occasion  a  great  difficulty  in  getting  the  air  through  ?  — 
A.  Very  great. 

Lord  Campbell :  Both  sides  are  agreed  on  that. 

Mr.  Webster  :  Was  the  conclusion,  if  you  mean  to  introduce  air  success- 
fully, that  it  should  be  above  the  pressure  of  the  atmosphere  P — A.  Yes. 
Ybu  want  a  powerful  pressure  to  overcome  the  friction,  or  rather  the  hold- 
ing power  of  the  stones,  to  drive  out  the  flour  from  between  tin  surfaces 
fine  enough  to  escape  between  the  surfaces.  Unless  yon  had  that  power, 
you  could  not  do  it. 

Lord  Campbell:  Considerably  above  tie'  atmosphere  ? — A.  Yes;  • 
siderably.    The  ventilation  is  not  sufficient.    It  require*  a  powerful  force 

of  air. 

In  cross-examination  by   the   Attorney-General:    At  the   very    last    trinl 

( Bovill  i .  I'i  ii  m,  which  was  on  the  Patent  of  1846)  waanot  the  thing  triad  In 

wit  li  a  model  made  from  tliu  specification  of  Mr.  Qordon  (who  had  a 

patent  of    imi    for  the  cold  blast)? — A.   It  was  the  mosl    ingenious 
mechanical  lie  that  was  ever  constructed  in  a  Com!  orpul  in  practice. 

The  Attorney-General  :  Don't  laugh  about  it,  hir;    it  isa  serious  thing. — 

A.  It  is  really  a  mechanical  lie. 

Q.  In  what  respect  r — A.  In  this  respect :— thai  the  sir  wo  so  deflected 
by  that  model  between  two  spaces  which  had  no  obstruction  through 
th.in.  Now,  in  a  mills!  me,  thai  is  filled  with  meal,  and  that  roq  ulna  about 

hall    a  to,,  of  pressure  of  the  millstone  holding  tho  ne  ST,  no  air 
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could  pass  from  that  model  so  constructed;  if  the  surfaces  had  been  filled 
with  meal  and  a  pressure  of  half  a  ton  weight  had  been  applied,  no  air 
could  have  escaped.  But  there  was  nothing  between  them  ;  they  were 
somewhat  apart,  and  this  model  was  ingeniously  constructed  to  deflect  the 
air  that  passed  between  the  surfaces. 

The  Attorney-General :  Am  I  to  understand  you  that,  in  working  your 
exhaust,  you  draw  in  no  air  ? — A.  We  regulate  as  near  as  we  possibly  can 
that  none  shall  be  drawn  it. 

Q.  What  I  want  to  know  is,  whether  you  can  so  regulate  it  that  no  air 
can  be  drawn  in  ?— A.  All  that  we  require  to  do  is  to  determine  the  cur- 
rent, precisely  as  a  chimney  in  a  room  prevents  the  room  smoking. 

Q.  But,  without  having  recourse  to  that  illustration,  what  I  want  is 
your  answer  to  this  question  :  Can  you  so  regulate  it  as  that  the  exhaust 
shall  simply  act  as  an  exhaust,  and  not  be  the  means  of  introducing  any 
current  of  air  contributing  to  assist  the  blast  ? — A.  Clearly.  There  is  no 
valve  in  the  meal  spout.  There  is  a  free  access.  It  is  not  clogged  in  any 
way. 

Q.  That  is  the  very  thing  that  makes  me  ask  the  question.  The  blast 
is,  according  to  your  theory,  to  introduce  currents  ? — A.  Between  the 
stones. 

Q.  And  the  exhaust  is  to  draw  it  out  ? — A.  Clearly. 

Q.  I  want  to  know  whether  the  exhaust,  in  addition  to  drawing  it  out, 
does  not  contribute  something  towards  drawing  it  in  ? — A.  Oh  !   no. 

Q.  You  arc  sure  of  that  ? — A.  Yes;  the  meal  spout  is  perfectly  open. 
Of  course,  air  will  go  where  it  can  most  easily  go.  If  the  meal  spout  is 
open  to  allow  a  volume  of  air  to  go  in,  it  is  clear  that  it  would  go 
through  there  instead  of  down  the  obstructed  passages,  which  require,  as 
I  have  described,  a  great  pressure  to  get  it  through. 

Q.  The  blast  does  go  through,  does  it  not  ? — A.  Of  course  it  doe=.  It 
requires  the  force  of  the  blast  to  go  through. 

Q.  What  I  want  to  know  is,  whether  the  exhaust  in  drawing  out  the 
air  that  is  there,  does  not  contribute  to  its  entrance  ? — A.  It  may  to  this 
degree,  by  remitting  the  obstruction  of  the  plenum;  and,  therefore,  it  does 
contribute  by  removing  that  plenum,  instead  of  the  blast  having  other- 
wise to  encounter  the  pressure  in  the  meal  case. 

Q.  Then,  if  I  understand,  you  would  require  a  less  amount  of  power  in 
your  blast,  in  consequence  of  the  exhaust  creating  a  vacuum  through  which 
the  air  introduced  by  the  blast  will  escape  ? — A.  There  is  no  vacuum. 

Q.  Supposing  the  blast  was  not  at  work,  there  would  be  a  vacuum  from 
the  exhaust,  would  there  not  ? — A.  No. 

Q.  If  anything  draws  out  air,  unless  the  air  is  replenished  there  will  be 
a  vacuum  ? — A.  The  meal  spout  admits  it  freely.  Here  is  a  large  spout 
down  here,  down  which  the  meal  comes,  which  communicates  with  this 
case  ;  and,  if  you  have  an  exhaust  here,  you  may  keep  sucking  away  to  all 
eternity,  but  there  is  no  vacuum.  If  you  put  a  vt.lve  in  here  as  Newton 
does,  then  you  get  a  vacuum  in  that  case. 

The  Attorney- General  (now  Lord  Chief  Justice  of  England)  ended  bis 
speech  on  opening  the  defendant's  case  thus  : — 

I  will  just  observe,  gentlemen — although  that  is  rather  matter  for  my 
Lord,  that  the  claim  here  is  not,  as  represented,  a  claim  for  a  combination, 
but  that  it  is  a  claim  for  each  of  these  parts,  as  well  as  for  the  combina- 
tion of  the  whole ;  and,  therefore,  if  I  show  you  that  either  of  them  was 
old — either  the  blast  or  the  exhaust — the  defendants  would  be  entitled  to 
your  verdict. 

Lord  Campbell :  There  is  no  doubt  the  blast  process  was  old.  I  mean, 
per  se. 

The  Attorney-General:  If  I  show  the  exhansting  process  to  be  old, 
which  I  shall  do,  then  the  patent  cannot  stand  any  more  than  if  I  show,  as 
I  will  do,  the  combination  to  be  old  also.  Then  I  shall  submit  that  that 
will  remain  for  the  witnesses  to  establish.  You  will  have  evidence  laid 
before  you  that,  although  the  plaintiff  pi-ofesses  that  the  exhaustive  pro- 
cess— the  sucking  away — adds  nothing  to  the  blast,  that  this  is  not  so, 
that  it  does  add  to  the  blast,  and  that  in  the  defendant's  machinery  it  is 
used  for  the  purpose;  which  again  would  be  a  distinction  between  the 
plaintiff's  machinery  and  the  defendant's. 

Lord  Campbell :  I  think  you  are  mixing  water  with  your  wine. 
The  Attorney-General :  Perhaps  so,  my  Lord.     (And  then  the  witnesses 
-were  called.) 

Lord  Campbell  at  the  close  of  his  summing  up,  thus  stated  the  questions 
the  jury  had  to  decide. 

"  You  will  consider  whether  Mr.  Bovill  was  the  inventor  of  this  process 
of  the  combination  of  the  blast  and  exhaust,  or  whether  he  took  it  from 
Dive's  man ;  the  second  question  is  whether  this  process  was  known  and 
used  before  Mr.  Bovill's  patent  in  June,  1849;  the  third  is,  whether  this 
process  has  been  infringed  by  the  defendants,  whether  they  have  used  the 
same  or  what  is  substantially  the  same ;  And  if  you  answer  all  these 
questions  in  the  affirmative,  you  will  then  have  to  determine  what  will  be 
the  amount  of  damages. 

When  the  jury  retired  to  consider  their  verdict,  Mr.  Atherton  the 
defendant's  counsel  addressed  the  judge  thus  : 


"  I  wish  to  put  two  questions,  which  T  think  ray  learned  friend  the 
Attorney-General  mentioned  upon  the  specification,  and  on  which  there  is 
no  disputed  fact — the  first  is  this— that  the  fixed  upper-stone  having  re- 
gard to  the  terms  of  the  plaintiff's  specifications  is  an  essential  part  of  the 
plaintiff's  invention.  If  that  be  so,  then  there  is  no  infringement  inas- 
much as  we  use  the  rotating  upper  stone." 

Lord  Campbell :  Just  repeat  your  objections. 

Mr.  Atherton  :  First  I  say  that  the  fixed  upper-stone  is  an  essential  part 
of  the  invention  and  specified,  then  the  next  is  that  the  specification  is  not 
for  any  manner  of  new  manufacture,  but  for  a  general  combination  of  any 
exhaust  with  any  blast. 

Lord  Campbell :  You  say  that  it  is  bad  on  the  face  of  it? 

Mr.  Atherton  :  Yes  my  Lord.  If  you  will  reserve  these  points  in  the 
event  of  the  verdict  being  in  favour  of  the  plaintiff. 

Lord  Campbell :  There  cannot  be  any  objection  Mr.  Knowles  to  these 
points  being  reserved. 

The  jury  found  a  verdict  for  Mr.  Bovill  on  all  the  questions  submitted 
to  them,  but  it  will  be  observed  those  questions  did  not  include  anything 
in  relation  to  the  novelty  or  utility  of  the  1st  or  the  3rd  claim  or  the 
sufficiency  of  the  specification.  A  conditional  rule  for  a  new  trial  was 
obtained  by  the  defendants. 


LAUNCH   OF  H.M.S.   TURRET   SHIP   "CAPTAIN." 

This  vessel  which  has  given  rise  to  so  much  controversy,  was  floated  out  of 
Messrs.  Laird's  dry  dock  at  Birkenhead,  on  the  27th  of  March.  The  following 
are  someofthe  principal  dimensions  : — Length  over  all  335ft. ;  ditto  between 
perpendiculars,|320ft.  breadth  extreme,  53ft.3in.;  do.  moulded  53ft. ;  draught 
of  water  aft  23ft,  6in.  do.  forward,  22fc.  6iu.  The  Captain  is  fitted  with  twin 
screws  17fc.  diameter,  each  screw  being  driven  by  an  independant  pair  of  trunk 
engines  ;  the  collective  nominal  H.P.  being  900  with  the  usual  Admiralty 
stipulation  to  work  up  to  six  times  that  amount.  The  engines  are  fitted  with 
surface  condensers,  and  the  four  cylinders  which  are  each  80  inches  effective 
diameter,  and  3ft.  Sin.  stroke  have  steam  jackets.  The  steam  is  supplied 
by  eight  boilers  having  a  total  of  28  furnaces ;  the  coal  bunkers  can 
carry  610  tons  of  coal,  and  her  speed  is  estimated  at  14  knots.  The  armour 
plating  extends  all  round  the  ship,  from  a  depth  of  5  feet  6  inches  below 
the  water  line  up  to  the  turret-deck,  which  is  8  feet  above  the  same.  The 
lowest  strake  is  6|-inch,  the  remainder,  for  a  length  of  40  feet  opposite 
each  turret,  8-inch,  and  on  the  space  between  the  turrets  7-incb.  The 
thick  plating  in  wake  of  the  turrets  is  gradually  reduced  to  4-inch  and 
3-inch  at  the  stem  and  stern  respectively.  The  two  turrets  are  protected 
with  10-inch  armour  and  13-inch  backing.  Behind  the  armour  on  the 
side  of  the  ship  comes  a  12-inch  teak  backing,  and  an  iron  inner  skin  1^ 
inch  thick  formed  of  two  j-inch  plates  supported  by  framing  10-inch 
daep.  In  order  that  she  may  make  better  weather  at  sea  the  Captain  has 
been  fitted  with  a  poop  and  forecastle,  connected  by  a  hurricane  or  spar 
deck,  like  many  of  the  Atlantic  steamers.  From  this  deck,  which  is  24 
feet  wide,  and  about  20  feet  above  the  water,  the  sails  of  the  ship  will  be 
worked  when  she  is  under  canvas.  Her  armament  is  to  consist  of  six 
guns,  each  turret  having  two  600-pounders,  and  a  100-pounder  being 
carried  under  the  poop  and  under  the  forecastle.  The  position  and  calibre 
of  these  last  two  guns  is,  however,  not  yet  definitively  settled.  The 
turret-guns  are  11  feet  6  inches  above  the  water  line,  and  their  arcs  of 
training  are  as  follows  : — In  the  foremost  turret  both  guns  will  train 
forward  to  an  angle  of  23  deg.  with  the  middle  line,  and  aft  to  25  deg. ; 
while  one  gun  will  train  forward  to  16  deg.  and  aft  to  6  deg.  with  the 
same.  In  the  after  turret  both  guns  will  train  to  15  deg.  forward  and 
25  deg.  aft ;  and  one  gun  to  6  deg.  forward  and  18  deg.  aft.  But  it 
must  be  borne  in  mind  that  this  is  merely  the  theoretical  training  of  the 
guns  as  shown  by  the  drawings. 

It  has  been  stated,  by  Captain  Symonds,  in  a  paper  read  before  the 
United  Service  Institution,  that,  in  order  to  obtain  the  fire  from  the  after 
turret  of  6  deg.,  the  shot  from  the  gun  has  to  pass  over  156  feet  of  deck, 
and  between  the  legs  of  the  tripod  masts — a  state  of  things  which  would 
be  obviously  dangerous  in  an  action.  The  Captain  is  to  carry  a  com- 
plement of  four  hundred  men,  but  she  has  messing  room  for  six  hundred 
in  addition  to  officers,  and  there  is  also  ample  accommodation  for  an 
admiral  and  his  staff.  Her  contract  price  is  276,500?.  for  hull,  and  58,500?. 
for  engines,  making  a  total  of  335,000?. ;  to  this  amount,  however,  the 
cost  of  armament,  rigging,  and  stores  has  to  be  added.  As  already  mentioned 
the  poop  and  forecastle  are  connected  by  a  hurricane  deck,  and  the 
hatchways  amidships,  which  are  of  iron,  are  carried  up  to  it,  forming  both 
a  support  and  ensuring  a  good  system  of  ventilation.  Doors  are  fitted  in 
the  iron  bulk-heading  to  give  access  to  the  main  or  turret  deck,  but  in  bad 
weather  these  will  be  closed,  the  hatchways  in  the  poop,  forecastle,  and 
hurricane  deck  being  left  open.  In  consequence  of  the  small  size  of  the 
ports,  the  guns  are  to  be  sighted  from  the  tops  of  the  turrets,  and  arrange- 
ments are  made  to  protect  the  gunner's  head  while  taking  aim. 
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It  has  been  the  ill  fate  of  the  turret  system  to  be  associated  from  the 
first  with  representations  which  are  not  substantiated  by  fact,  but  which 
are  attributable  to  the  undue  enthusiasm  of  its  advocates.  Captain  Coles's 
original  idea  of  putting  a  gun  upon  a  turntable,  and  surrounding  it  with 
armour,  was  undoubtedly  the  origin  of  a  very  great  invention.  This  idea, 
combined  with  another  conception  of  his,  of  mounting  a  gun  upon  a  raft, 
and  embodied  in  a  low  armour-plated  vessel  like  the  llonitor,  gives  us  the 
most  striking  specimen  of  a  perfect  ship  of  war,  either  for  purposes  of  coast 
defence,  or  for  attacking  hostile  ports  in  inland  waters,  or  during  fine 
weather.  It  is  the  system  of  all  others  in  which  we  can  obtain  the 
maximum  both  of  offensive  and  defensive  powers  ;  but  it  does  not  follow 
that  such  a  vessel  is  the  best  for  cruising  and  sea-going  purposes.  With 
a  free-board  of  two  or  three  feet,  the  Monitor  is  unquestionably  the 
steadiest  form  of  vessel  that  can  be  devised;  but  when  the  free-board  is 
increased  to  seven  or  eight  feet,  as  in  the  Captain,  the  steadiness  of 
platform  is  lost.  If  we  wish  to  have  a  thoroughly  efficient  s3a-going  9hip 
of  war,  it  is  absolutely  necessary  that  hsr  go.ns  shall  be  high  out  of  the 
water.  This  can  be  obtained,  as  in  the  Monarch,  by  carrying  up  the  sides 
of  the  vessel  like  those  of  a  broadside  ship,  and  by  placing  the  turrets  on 
the  upper  deck.  In  such  a  case  we  either  have  a  comp  iratively  weak 
side,  or  we  must  give  the  vessel  additional  beam  and  draught  of  water  in 
order  to  obtain  sufficient  displacement  to  carry  thicker  armour.  Both 
these  plans  are  objectionable.  The  problem  can,  however,  be  solved  in 
another  way,  by  building  round  the  base  of  the  turrets  an  armour- 
plated  breast-work,  as  in  the  Ceberas,  a  monitor  recently  built  for  the 
defence  of  Melbourne  harbour,  We  then  have  a  vessel  which,  owing  to 
her  low  deck,  possesses  all  the  steadiness  characteristic  of  the  Monitor 
type,  and  which  at  the  same  time  is  practically  secure  from  foundering, 
owing  to  the  openings  in  the  deck  being  enclosed  by  the  breast-work. 
We  get,  too,  by  this  means,  that  all-round  fire  which  distinguished 
Captain  Coles's  early  plans,  hut  which  cannot  be  said  to  form  a  feature  of 
the  Captain.  But  if  this  all-round  fire  is  to  be  perfect,  we  must  sacrifice 
to  it  the  ship's  masts  and  rigging.  Is  it  right,  then  to  make  the  safety 
of  a  vessel  entirely  dependent  upon  her  engines  ?  This  is  a  question  for 
naval  men  to  answer ;  but  if  they  will  not  object  to  take  such  a  ship  to 
sea,  then  the  twin-screws  come  to  our  aid,  and  these,  combined  with  great 
coal-carrying  power,  as  in  the  new  turret-ships  described  by  Mr.  Childers 
in  his  speech  on  the  Navy  Estimates,  will  enable  us  to  produce  a  monitor 
suitable  for  cruising  and  sea-going  purposes,  at  least  for  European  warfare- 
For  by  using  twin-screws  we  can  employ  engines  of  more  moderate  power, 
and  therefore  less  likely  to  breakdown,  and  if  any  accident  should  happen 
to  one  screw  or  shaft,  we  should  always  have  a  reserve  of  power  in  the 
other  sufficient  to  bring  the  ship  safely  to  port.  There  can  be  no  doubt 
that  Captain  Coles  has  been  much  fettered  in  his  design  by  having  to 
fit  his  ship  with  sails,  and  in  spite  of  the  great  ingenuity  which  he  has 
displayed  he  has,  as  we  have  seen,  had  to  sacrifice  his  all-round  fire,  and 
he  has  also  had  to  give  his  vessel  a  hurricane  deck,  which  some  critics 
maintain  is  too  small  to  admit  of  properly  working  the  sails,  while  others 
declare  that  it  is  likely  to  be  injured  by  the  explosion  of  the  turret  guns, 
and  we  fear  that  there  is  too  mucli  foundation  for  both  of  these 
objections. 


INTITUTION  OF   NAVAL    ARCHITECTS. 


THE  IRON  FLOATING  DOCK  OK  CARTHAGENA,  ITS  I'UO PORTIONS 
AX1)  RELATIVE  STABILITY. 

By  Geokge  B.  Re.nnii:,  M.I.C.E.,  Assoc. 

The  form  of  this  dock  may  lie  briefly  described  as  an  oblong  rectangular  box 
or  trough,  without  a  top  or  ends,  tin'  walls  and  bottoms  of  whieh  arc  hollow, 
aod  divided  into  several  independent  chambers.  The  vessel  to  be  docked  is 
placed  between  the  side  walls,  and  is  raised  completely  not  of  tin.'  water  by  the 
buoyancy  of  the  bottom  of  the  dock.  The  side  walls  act  as  Boats  to  prevent 
the  dock  sinking  too  rapidly,  eventually  from  being  entirely  sulmierired. 

The  operatic  n    I   in  this  way,  water  is  allowed  to   flow   into  tin; 

different  compai  nine  thi  basi    bj  mi  ins  of  sluices,  and  distributing 

pipes;  the  dork  then  gradually  sinks,    until  the    buoyancy  of  the  chaml 
forming  the  side  mal  to  the  weight  of  the  entire  structure  ;  that 

is,  when  it  is  desired  to  sink  the  do  opth  for    thepurpo 

taking  in  the  deepest  draught   ship  the  dock  isintet  For  vi   lei    ol 

draught  it  is  only  allowed  to  sink  to  a  depth  sufficient   For  the  particular  vessel. 
The  vessel  is  then  hauled  in  between  the  walls,  and  the  engines  and  | 
oi  the  iter!  water  from  the  bottom  or  base ;   when 

empty,  it  is  capable  of  sustaining  a  wel  ;hl  ol  ihip  (less  the  weight  ol  thed 
equal  to  the  total  displacement  ol  the  bottom  or  base. 

The  vessel  is  shored  npinthi                                   I  in  the  ordinary 
dork.  (The  dock  is  entirely  of  iron,  with  I  itept 
or  alters,  and  fenders,  which  areoftiml                        tbened  both  longitudi- 
nally ami  transversely  by  bulkheads,  whioh form  the  divisi i  theohaml 

as  well  as  by  Intermediate  lattice  framing,  which  give  the  structure 
Miffness. 


The  dock  for  Carthagena  was  commenced  in  1859,  sent  out  in  pieces  from 
England,  and  erected  at  Carthagena  in  a  shallow  basin  prepared  for  the  pur- 
pose, and  when  completed  water  was  let  into  the  basin  and  the  dock  floated  out. 
When  first  floated,  it  was  found  to  have  an  uniform  draught  of  water  of  4ft. 
7in. ;  this  gives  a  total  displacement  of  4,400  tons  of  sea  water,  which  is  equal 
to  the  weight  of  the  dock  complete. 

Some  of  the  largest  vessels  which  it  has  raised  are  the  frigate  Princessa  d 
Asturias,  of  3,810  tons,  and  21ft.  draught  of  water,  the  frigate  Villa  de  Madrid 
of  27ft.  Gin.  draught,  weight  unknown,  the  ironclad  Saragoza,  of  4,973  tons,. 
and  55ft.  draught,  and  the  ironclad  ship  Nttmancia,  of  5,600  tons  weight,  aud 
24ft.  lin.  draught,  this  latter  vessel  remained  supported  for  eighty  days, 
without  causing  any  damage  to  or  undue  straining  of  the  dock.  The  weight  of 
this  ship  was  further  tested  by  the  depth  of  flotation  of  the  dock  as  observed 
with  the  ship  on  it ;  this  was  ascertained  to  be  lift.  3in.,  giving  a  total  displace- 
ment of  10,800  tons  of  sea  water  ;  but  on  examination  of  the  different  chambers 
it  was  found  that  there  was  about  72in.  depth  of  water  in  the  lower  ones  and 
7iin.  in  the  middle  ones,  equivalent  to  800  tons  weight ;  this  added  to  the  weight 
of  the  dock,  4,400  tons,  gives  5,200  tons,  leaving  5,600  tons  as  the  weight  of 
the  ship. 

The  dimensions  of  the  Numancia,  the  largest  of  the  above  named  vessels,  are 
as  follows  ;  length  (perpendicular),  316ft. ;  extreme  breadth,  57ft. ;  displacement 
at  load  draught,  7,420  tons. 

The  dimensions  of  the  dock  are  as  follows  :  length  ,  320ft.  ;  breadth 
outside,  105ft. ;  ditto  inside,  79ft. ;  height  outside  48ft. ;  ditto  inside,  36ft.  6in. 
If  the  few  inches  of  water  remaining  in  the  base  and  middle  chambers  were 
entirely  removed,  the  draught  of  water  of  the  Carthagena  Dock,  with  such  a 
vessel  as  the  Numancia,  of  5,600  tons  weight,  would  be  10ft.  6iu. 

The  main  proportions  of  the  dock  are  as  follows :  the  length  is  between  3  and 
3J  times  the  breadth.  The  width  between  the  walls  at  the  top  is  J  of  the 
breadth.  The  floor  of  the  dock  is  £  the  breadth.  The  height  of  the  side  walls 
is  somewhat  under  £  the  breadth.  The  depth  of  immersion  T\;th  of  the 
breadth. 

These  proportions  are  suitable  for  almost  all  sizes  of  floating  docks  of  the 
rectangular  form.  Thus,  supposing  a  dock  to  be  made  capable  of  lifting  and 
sustaining  a  vessel  like  the  Achilles,  of  say  10,000  tons  weight,  the  breadth 
would  be  120ft.,  the  length  400ft.,  the  width  inside  90ft,  the  "floor"  60ft.  in 
width,  and  the  immersion  12ft. ;  total  displacement,  16,457  tons. 

In  calculating  the  height  of  the  metacentre,  or  the  greatest  height  the  weights 
may  be  raised  above  the  centre  of  displacement  of  the  immersed  body  at  an 
angle  of  inclination,  say  of  10  deg. ;  and  taking  the  distance  between  the  centres 
of  gravity-  of  the  immersed  and  einersed  portions  due  to  the  inclination  at  two- 
thirds  the  total  breadth,  aud  multiplying  by  the  portion  immersed  and  dividing 
by  the  total  volume  immersed  into  the  sine  of  the  angle  of  inclination,  it  will 
give  90'75ft.  for  the  distance  of  metacentre  from  the  centre  of  gravity  of  the 
volume  immersed,  or  85-5ft.  above  the  line  of  flotation  for  the  Carthagena  Dock, 
whereas  the  centre  of  gravity  of  the  entire  structure  and  ship  is  calculated  to  be 
only  18ft.  above  the  line  of  flotation,  allowing  for  a  ship  of  26ft.  6iu.  draught  of 
water  on  keel  blocks  4ft.  iu  height. 

In  the  dock  proposed,  the  metacentre  is  101'5ft.  above  the  centre  of  gravity 
of  displacement,  or  95'oft.  above  the  line  of  flotation,  and  the  centre  of  gravity 
of  the  dock  with  the  Achilles,  is  calculated  to  be  only  19ft.  3in.  above  the  line  of 
flotation.  In  calculating  the  amount  of  statical  stability  of  the  dock  at  Carthagena 
with  an  immersion  due  to  the  weight  of  such  a  vessel  as  the  Numancia,  of  5,600 
tons,  it  is  found  that,  supposing  the  inclination  to  be  10  deg.,  that  the  moment 
of  stability  will  be  360  when  reduced  to  feet  aud  tons  per  foot  iu  length  of  the 
dock,  or  a  total  of  118,080  tons  for  320ft. ;  and  the  dock  proposed  would  have  a 
moment  of  stability  of  549.2  when  reduced  to  feet  and  tons  per  foot  in  length, 
or  a  total  of  219,680  tons  for  400ft.  This  is  nearly  as  the  cube  of  the  breadth, 
and  directly  as  the  length. 

Comparing  this  latter  with  a  dock  of  a  U-S''apcd  section,  wilh  water  ballast, 
like  that  actually  made  for  Bermuda,  as  calculated  from  a  lithographic  draw- 
iiiL'  giving  the  particulars  "t  tin-  dock,  it  i-  found  that  the  moment  of  stability 
equals  660  foot-tons  per  foot  in  length,  or  for  the  length  ot  833ft.,  a  total  of 
219,780  foot-tons,  or  about  the  same  as  the  one  proposed,  ol  a  rectangular 
form. 

A  further  comparison  of  the  dimensions,  weight  of  ship  to  he  docked, 
height  of  metacentre  of  these  two  forms  of  docks,  may  not  be  without 
interest : 

(J-shapsd  l.''  <  Lingular 

Section,  BeotloD, 

Available  length  of  dock  lor  the  largest  ship  ...  388ft.  lOOft. 

Extreme  outside  breadth 123ft.  Hin.  120ft. 

inside        „           86ft.  BOft. 

Breadth  of  "floor" BOft.  BOft. 

Draught  of  water  with  heaviest  shi] 40ft.  12ft. 

Ale  lot    mine  i  ,.■!  section  ditto  4(11  III  sip  II .  1440  Sq.  ft. 

Greatest  weight  of  ship  oapabli                docked  H,niit,,ns          10,000 

Weight  of  dock E   1601                64761 

Centre  ..I  displacement  below  line  of  flotation  isit.                 6ft> 
Distance  of  metacentre  from  centra  ol  displace- 
ment                     88ft.  iiin.         101ft<  "'mi. 

Distance  of  .  ravitj   from  untie   of 

displacement      6ft.                      '•"• 

Ol    gravity    above   or  below  line  of  M  ita- 

tion  18ft.  8in.  below      I9ft.  above. 

Mo,,,,  hi  oi  .•  ihilitj  p.  i-  Fool  1 1  length  ol  dock  tow 

Total  ).„■  whole  length  of  do; 

i  tke  m  ii  -ini.  of  26ft. 

draught  with  keel  blocks  J't.  in  heigh)  60ft.  I"'". 
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From  the  above  comparison,  it  will  be  seen  that  a  dock  of  rectangular  form 
of  the  same  proportions  as  that  of  Carthagena,  will  have  the  same  total  stability 
as  the  U  form  of  dock,  require  about  one-fifth  less  material  for  its  construction, 
and  be  capable  of  supporting  a  longer  ship  of  one  quarter  greater  weight,  and 
with  less  draught  of  water.  Moreover,  the  arrangements  for  docking  are  less 
complicated ;  for  when  the  ship  is  once  on  the  keel  blocks,  pumping  is  the  only- 
operation  to  be  perform  as  there  are  neither  gates  nor  caissons  to  close  in  the 
ends. 

To  represent  the  relative  stability  of  different  forms  of  section  in  a  clear  and 
simple  manner  (although  not  so  accurately  as  may  be  found  geometrically  or 
mathematically),  the  following  Table  is  compiled  from  experiments  on  different 
sections  made  of  thin  copper,  to  a  scale  of  10ft.  to  the  inch.  The  models  were 
all  9in.  long ;  the  leverage  was  taken  at  8in.  from  the  central  line  of  the  model. 
The  lead  weights  representing  the  ship  were  cylindrical,  and  supported  on  their 
axis,  at  a  distance  representing  the  height  of  the  centre  of  gravity  of  the  ship, 
above  the  floor  of  the  dock  of  27ft.  6in. 


The  model  E  represents  the  Carthagena  Dock,  with  its  angles  of  inclination, 
and  with  the  same  weight  and  leverage  as  the  other  models. 

Although  it  may  be  seen  from  this  that  other  forms  may  have  a  stability 
equivalent  to  that  of  the  rectangular  or  flat  form,  it  can  only  be  done  by 
the  addition  of  a  considerable  amount  of  water  ballast,  which  so  increases  the 
draught  of  the  dock  as  to  necessitate  the  ends  being  closed  in. 

The  Carthagena  Dock,  as  before  mentioned,  was  sent  out  from  this  country  in 
pieces,  and  erected  in  a  shallow  basin  made  for  that  purpose,  at  Carthagena ; 
this  on  the  whole  (when  practicable)  seems  the  most  safe  and  simple  plan,  and 
the  basin  is  moreover  available  when  required  for  taking  in  the  floating  dock  for 
the  purpose  of  cleaning,  painting,  or  repairing.  Wooden  floating  docks  of 
somewhat  similar  section  to  that  of  Carthagena  have  been  towed  to  their  place 
of  destination,  as  was  the  Pola  Dock,  from  Venice,  the  Havannah  Dock,  from 
New  Orleans,  and  more  recently,  that  of  Alexandria,  from  the  South  of  France, 
but  the  square  ends  of  the  form  are  no  doubt  ill  adapted  for  being  towed  through 
the  water.  In  order  to  meet  this  difficulty,  when  it  was  contemplated  to  tow  a  dock 


Table  of  Experiments  on  the  Stability  of  Floating  Docks,  made  on  Models  to  a  scale  of  10ft.  =  lin: 


•a 
o    . 

ss 

ei 

°§ 

-w  O 

Weight  representing 
ship  in  ounces. 

Approximate  propor- 
tion of  dock  to  ship. 

O 

fi 

°» 
a* 

Height  of  centre  of 
gravity    of     ship 
from  floor  to  scale 
in  feet. 

Degrees  of  inclination  with  weights,  at  a 
of  8in. 

leverage 

FORM  OF  SECTION. 

loz. 

2oz. 

8oz. 

8oz. 

A  L— 1      \ 

48! 

0 
49! 
73| 

1  :  1 

3  :  2 

ft.    in. 
120    0 

ft.    in. 
27    6 

deg.    m. 
0    35 

0  52 

1  29 

deg.    m. 

1  29 

2  11 
2    35 

deg.    in. 
3      3 

3  57 

4  35 

deg.   m. 

7      7 

9      6 

I 

10      6 

B  U  

With  water  ballast 

42 

0 

49! 
73| 

1  :  1 
5  :  3 

127    6 

27    6 

0    31 

0    24 
0    21 

1     12 
0    59 
0    55 

3    49 
3    26 
3      6 

5    50 
5    36 

4    14 

"  L_|                   

48! 

0 

97! 

73! 

0 

49! 

73! 

1  :  1 
3  :  2 

1  :  1 
3  :  2 

120    0 

... 

27    6 

0    55 

0  58 

1  57 

0  52 

1  16 
1    57 

1    29 
1    57 
3      5 

1  26 

2  7 

3  9 

3    53 
5      9 
5    43 

2  45 

3  22 

4  45 

8    22 

Without  water  ballast    

10      6 

12      8 

With  water  ballast 

6    28 

8    18 

9    19 

D  -. -     

m 

0 

m 

0 
49! 
73! 

3:'2 

1  :  1 
3   :  2 

120    0 

27    6 

3    43 
2    28 
1     43 
1    23 
1    23 

6    51 
3    53 
3    23 

2    27 
2    51 

14    34 
7    28 
7    24 
5      9 
5    36 

Without  water  ballast    

14      2 
10      2 

10    32 

V.  l__J 

30J 

0 

49! 
73! 

5  :  3 
7  :  3 

105    0 

27    5 

0  31 

1  26 

2  11 

1  33 

2  35 

3  2 

3    37 
5    43 

7      7 

8      5 

•  12    15 

14    48 

F  U  with  water  ballast    -< 

32 

0 

49! 
73! 

5  ;  3 

7  :  3 

80    0 

27    5 

6  22 
9    19 

7  14 

12    48 
14    52 
12    31 

In  the  above  Table,  A  and  B  represent  sections  of  docks,  of  the  form  proposed 
and  that  actually  executed.  It  will  be  seen  on  comparing  the  inclination  of 
these  two  forms  with  the  same  weight  and  leverage,  that  B,  the  U  shape,  gives 
greater  stability  per  unit  of  length  than  A  the  '  '  shape,  but  as  the  model  U 
was  made  by  mistake  to  represent  127ft.  6in.  in  breadth  instead  of  123ft.  9in., 
the  relative  stability  as  shown  by  the  angle  of  inclination  is  somewhat  greater 
than  calculation  indicates. 

The  model  C  shows  how  the  stability  of  the  same  form  of  section  may  be 
increased,  by  the  addition  of  water  ballast  at  the  bottom. 

The  model  D  of  a  segmental  form  may,  with  the  addition  of  water  ballast, 
have  nearly  a  stability  equivalent  to  the  form  A. 


across  the  Atlantic,  a  modified  arrangement  of  the  rectangular  form  was  pro- 
posed by  Messrs.  Kennie  better  adapted  for  being  towed  throught  the  water. 
1  he  side  walls  were  to  be  reduced  to  about  two-thirds  of  the  length  of  the  floor 
of  the  dock,  the  rectangular  ends  of  the  floor  to  have  been  rounded  off  so  as  to 
form  pointed  ends,  upon  which  temporary  sides  were  to  be  raised  to  the  required 
height,  in  order  that  the  dock  might  be  decked  over  from  end  to  end ;  this  deck, 
together  with  the  temporary  sides,  would  have  to  he  removed  on  arrival  at  its 
destination. 

Considering  the  length  of  the  voyage,  it  was  thought  that  the  empty  space 
below  the  deck  might  be  avilable  for  the  stowage  of  coals  and  other  stores  to 
supply  (during  the  voyage)  the  steamers  employed  to  tow  the  dock  out.     This 
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form  of  dock  would  not  have  required  a  basin  as  at  Carthagena,  and  the  necessary 
repairs  could  have  been  effected  by  means  of  a  rectangular  iron  box  lowered 
under  the  dock,  and  placed  against  the  defective  part,  and  the  water  pumped 
out  from  within  it.  The  joints  between  the  box  and  the  bottom  of  the  dock 
being  previously  made  water-tight  by  means  of  an  elastic  substance,  or  the  water 
kept  out  by  a  pressure  of  air,  which,  in  this  case,  would  not  have  exceeded  31b. 
per  square  inch. 

In  conclusion,  it  is  considered  that  floating  docks  of  the  form  and  proportions 
to  that  of  Carthagena  will  have  ample  stability  for  the  heaviest  ship  to  be 
docked. 

That  it  is  of  the  simplest  construction. 

That  the  smallest  amount  of  material  for  a  given  strength  and  stiffness  will 
he  used  in  its  construction. 

That  the  cost  will  be  less  than  for  other  forms  of  sections. 

That  the  simplest  docking  arrangements  and  safety  of  the  dock  are  best 
attained  by  that  form. 

And  lastly,  that  bv  the  modification  suggested  in  the  paper,  they  may  be 
towed  with  comparative  safety  to  any  part  of  the  world. 


ON  THE  CALCULATION  OF  THE  STRESS  IN    PROPELLER  SHAFTS 
W.  J.  Macqtjobx  Raukixe,  C.E.,  L.L.D.,  F.R.S. 

Associate  Member  of  Council,  I.N.A. 

1.  Through  a  long  series  of  practical  trials  extending  over  man}-  years  it  was 
ascertained  by  Lieutenant  David  Rankine  (h.p.  Rifle  Brigade),  and  by  the  author 
of  this  paper,  that  the  greatest  stress  which  the  wrought  iron  axles  of  very 
smooth  running  railway  carriages,  travelling  at  speeds  not  exceeding  twelve 
miles  an  hour,  would  safely  bear,  when  made  of  the  best  materials  and  in  the 
best  way,  was  90001b.  on  the  square  inch  (or  about  6.3  kilos,  on  the  square  milli- 
metre). Any  detect  in  materials  or  workmanship  when  exposed  to  that  stress 
was  always  found  to  causo  the  axle  to  give  way  in  the  end,  though  sometimes 
not  until  it  had  run  for  more  than  three  years-  The  immediate  breaking  stress 
was  not  directly  ascertained,  but  it  is  probable  that  the  factor  of  safety,  was 
between  five  and  six.  A  greater  factor  of  safety  or,  in  other  words,  a  smaller 
limit  to  the  intensity  of  stress,  is  of  course  required  when  the  motion  is  rougher 
than  it  was  in  those  carriages. 

2.  According  to  the  ordinary  method  of  calculating  the  greatest  stress  in 
propeller  shafts,  the  moment  of  the  twisting  action  upon  the  shaft  is  alone 
into  account ;  and  when  that  method  is  applied  to  examples  taken  from  actual 
steam  vessels,  results  are  obtained  approaching  very  near  to  the  limit  already 
stated.  For  instances,  8,0001b.  to  the  square  inch  is  a  not  uncommon  value  of 
the  intensity  of  the  stress  in  a  propeller  shaft,  as  calculated  from  the  twisting 
action  alone. 

3.  But  the  real  intensity  of  the  stress  is  greater  still,  for  with  the  twisting 
action  there  is  always  combined  more  or  less  of  a  bending  action,  produced 
partly  by  the  weight  of  the  shaft  and  partly  by  its  reaction  when  the  vessel 
pitches  and  heaves  with  the  waves.  The  object  of  the  present  paper  is  to  give 
rules  for  calculating  the  total  or  resultant  stress  produced  by  the  twisting  and 
bending  actions  combined,  and  to  illustrate  them  by  an  example. 

\.  Twisting  Action.  The  greatest  twisting  moment  is  to  be  calculated  from 
the  indicated  horses'  power  of  the  engines,  as  follows  : — Multiply  the  power  by 
33,000,  in  order  to  reduce  it  to  foot  pounds  per  minute,  and  divide  the  product 
by  62832  times  the  number  of  revolutions  of  tht  shaft  per  minute.  The  quotient 
will  be  the  mean  twisting  moment  in  foot-pounds  (for  kilogrammetres  the 
multiplier  is  4,500  instead  of  33,000).  The  greatest  twisting  moment  in  a  ratio 
which  may  be  estimated  at  about  l'C  for  a  single  engine,  I'll  for  a  pair  of 
engines  with  cranks  at  right  angles,  and  l'Oo  for  three  engines  with  cranks  at 
eqnal  angles. 

When  British  measures  are  employed,  the  greatest  twisting  moment  having 
been  computed  in  loot-pounds,  is  to  be  multiplied  by  twelve  to  reduce  it  to 
nidi-pounds. 

To  find  the  greatest  intensity  of  the  stress  produced  by  twisting,  multiply  the 
1  ft 
greatest  twisting  moment  by    —    (=  5-l  nearly),  and  divide  by  the  cube  of 


the  diameter  of  the  shaft.     In  symbols,  let  M  be  the  moment,  d  the  diameter 
and  q  the  In  (as  it  may  be  called). 


Then,  q  = 


.VI    M 


(1) 


6.  Bending  Action.  The  greatest  stress  produced  on  the  particles  of  a  hori- 
/.ontal  cylindrical  shaft  by  the  bending  action  of  its  own  weight,  is  equivalent, 
to  the  weight  of  a  column  of  iron,  whose  height  is  a  third  proportional  to  the 
diameter,  and  the  span  between  the  bearings. 

In  symbols,  let    /   be    'lie    span    between  the  bearings  (in   inches   if  British 

measures  are  used)-,  d,  the  diameter;  to,  the  heaviness  of  iron  (  =  '2781b.  per 
cubic  inch,  or  7,690  kilos,  per  cnbio  outre);  /',  the  greatest  bending  stress,  as  it 
may  be  called. 

Then,  p  =    WJ?  

d 
The  reaction  of  the  shaft  produced  by  vertical  oscillation,  as  in  pitching  and 
heaving,  hears  the  same  proportion  to  its  weight  that   half  tfa  i   the 

oscillations  bears  t-.  the  length  of  a  pendulum  whioh  keeps  time  with  them. 
Let  m  he  that  proportion  ;  then  the  bending  stress  is  increased  to, 

P  =  {\  +  m)    "'" (3) 


In  a  vessel  that  follows  the  vertical  heaving  of  the  wave  m  is  nearly  the  sine 
of  the  wave  slope — say,  0-25  in  extreme  cases,  and  0"125  in  ordiuarv  cases. 

6.  Resultant  Stress. — The  resultant  stress  due  to  the  twisting  stress  q  and 
the  bending  stress  p  combined,  is  found  by  a  formula  which  has  been  demon- 
strated by  writers  on  the  internal  equilibrium  of  elastic  solids  :  that  is  to  saj- 

2  


•f  +4) 


W 


7.  Numerical  Examples. — In  the  following  examples  the  results  are  not  com- 
puted beyond  four  significant  figures  : — 


5,500 
33,000 


Indicated  H.P 

Multiplied  by  

Divide  by 6"2832 )  181, 500,000  foot,  pounds  per  minute. 

Revo,  per  min 54  )26,890,000  quotient,  nearly. 

Mean  twisting  moment  535,000  foot,  pounds. 

For  a  pair  of  engines  mult,  by  I'll 

Greatest  twisting  moment 
Multiply  by 


Multiply  by 

Diameter  16^in }  ^^2  ' 

Diameter3  j       "- 

Twisting  stress  q  =     

Span  between  bearings 


593,850  foot,  pounds. 
12 

7,126,200  inch,  pounds. 
51 


36,340,000  product. 


8,0901bs.  on  the  sq.  in. 
25ft.  =  300in. 
Divide  by  diameter  16^ )  90,000  square  of  span. 


Third  proportional 

Multiply  by  weight  of  a  cubic  \ 

inch  of  iron    j 

Bending  stress  by  weight  alone 

x  estimated  value  of  1  +  m,  say 

Bending  stress  by  weight  and  ) 

reaction  =  p  ) 


5,455in- 
0-2781bs. 
15161bs.  on  the  sq.  in- 

l"041bs.  on  the  sq.  in. 


Resultant  Stress. 
*  =  \/lr  +  P~\  +  |  =  89871bs.  on  the  square  inch. 

being  practically  equal  to  the  greatest  safe  stress  of  O.OOOlbs.  on  the  square  inch, 
mentioned  in  sec.  1  as  applicable  to  smoothly  running  railway  axles  at  low 
speeds. 

8.  It  seems  very  probable  that  if  the  method  of  calculation  now  described 
were  applied  to  actual  examples  of  propeller  shafts,  many  instances  would  be 
fouud  in  which  the  resultant  stress  reaches,  or  even  goes  beyond,  the  utmost 
limits  consistent  with  safety  ;  and  it  is  therefore  laid  before  the  Institution  for 
their  consideration,  and  for  that  of  shipbuilders  and  marine  engineers  in 
general. 

9.  Rules  for  designing  Shafts. — The  conditions  which  the  diameter  of  a  shaft 
ought  to  fulfil  are  expressed  by  the  following  equation,  derived  from  equation   4 

s-  —  sp  —  q-  =  0; (5), 

in  which,  for  s  is  to  be  put  a  safe  working  value  of  the  resistant  stress  (say 
8,0001bs.  on  the  square  inch,  or  5'6  kilos,  on  the  square  millimetre),  and  for  j> 
and  q,  their  values  in  terms  of  M,  /,  w,  and  d,  as  given  by  equations  2  and  J 
respectively.  The  equation  then  becomes  of  the  sixtli  order,  and  it  is  to  bu 
solved  so  as  to  find  d.  This  can  be  done  by  approximation  only  :  and  a  con- 
venient method  of  approximation  is  as  follows  : — Assume  for  q  an  approximate 
value  q'  somewhat  less  than  that  of  s  (say  q'  =  0'9  s).  Then  calculate  an 
approximate  value  d'  of  the  diameter  from  equation  1,  viz., 

a'  =  (-2^V (6) 

Then  calculate  for  p  an  appropriate  value  p',  from  equation  3,  viz., 

•  -■(!+•)■?• « 

and  from  the  approximate  value  of  p'  calculate  a  second  approximate  value  of 
q,  as  follows  : — 

q"  -  */(*-—  sp')   (8) 

Should  this  agree  with  the  first  approximate  value  q  .  the  approximate  diameter 
d'  will  answer;  and  should  there  be  :i  difference,  a  second  approximation  d"  to 
the  required  diameter  is  to  bo  computed  as  follow!  : — 


d" 


■(>)'■ 


(9) 


When,  as  is  usually  the  ease,  the  difference  q' — q  is  small  oompa 
the  following  formula  for  the  second  approximation  is  sufficiently   a 

truth  :— 

*  <<1'  ''':/'} •"" 

A  third  approximation  might  be  found  by  repeating  tb  ' 

approximation  will  in  .• i.il  !>■■  found  accurate  enough  for  I"  m  tw  d  ; ■■ 

Should  j"  prove  I  rthan  o/,  the  correction  in  Equation  10 

negative:  thai  <,1C  ditmel 

first. 
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10.  Example  of  the  Rule  : — I  =  300in.  as  before. 

Twisting  moment  M    7,126,200  inch-lb.,  as  before. 

Multiply  by   5"! 

Divide  by  q'  7200 )  36,340,000  product. 

First  approximation,  dri  = 5,04-7 

Do.  do.         df  =    17-15  in. 

Divide  by  d'  = 17-15 )  90,000  =  P  as  before. 

5,248  third  proport'nal. 

Multiply  by  (1  +  m)  to  =    '313 

First  approximation,  p'  =  1,643 

Intended  resultant  stress  s  =     8,000 

Multiply  by  s  —  p'=  6,357 

Second  approximation,  q"2  =    50,836,000 

Do.  do.  q"  = 7,1311bs.  on  the  sq.  in. 

First  approximation  q'  i=    7,200 

q'  —  q"=  69 

Second  approximation  to  required  diameter : — 

<T'-=  17-15  |1+ 5°_  X  =17-21in. 

I         3  x  7200) 


ON   AN    INSTRUMENT    FOR   DETERMINING  THE  DEVIATION  OF 

SHIPS'    COMPASSES. 

By  W.  F.  Reynolds,  Esq. 

The  rapid  extension  of  iron  shipbuilding  which  tbe  present  generation  has 
witnessed  has  been  accompanied  by  the  development  of  a  practical  difficulty  in 
the  art  of  navigation,  namely  the  deviation  of  the  compass  caused  by  the 
disturbing  influence  due  to  the  magnetism  of  the  ship's  iron.  This  difficulty 
has  been  sought  to  be  overcome  in  many  ways,  such  as  the  introduction  of 
permanent  magnets  and  soft  iron,  the  unequal  painting  of  the  compass  card,  &c. 
Tbe  magnetism  of  the  ship's  iron,  however,  depends  a  great  deal  upon  the 
induction  of  the  earth  and  frequently  alters  considerably,  from  changes  of 
latitude,  and  from  other  causes ;  it  is  therefore  almost  impossible  to  make 
permanent  corrections  of  the  errors  of  the  compass  by  artificial  means. 

This  being  so,  a  ready  appeal  to  a  principle  independent  of  all  magnetic 
influences  becomes  desirable. 

The  true  bearing  of  an  object,  either  terrestial  or  celestial,  being  known,  the 
actual  position  of  the  ship  can  be  ascertained  by  the  use  of  a  compass  or  dumb 
card  with  a  pair  of  sights  in  the  case  of  terrestial  objects,  or  by  an  azimuth 
compass  in  the  case  of  celestial  bodies. 

The  reference  to  the  heavenly  bodies,  however,  involves  a  consultation  of  tables 
or  tbe  time  azimuth  chart,  &c. ;  this  is  a  process  which  is  found  in  practice  to 
be  but  sparingly  adopted  by  the  officers  of  ordinary  merchant  ships,  especially 
steamers,  who,  amid  the  pressure  of  other  and  manifold  duties,  are  apt  to 
depend  too  much  upon  the  deviations  as  tabulated  by  the  adjuster.  It  has 
consequently  been  thought  that  an  instrument  working  somewhat  on  the 
principle  of  the  sun  dial  will  be  found  to  be  preferable,  the  sun's  meridian 
distance  being  invariably  known  with  sufficient  accuracj'  to  furnish  the 
requisite  data  for  an  observation.  It  is  to  such  an  instrument  that  I  venture 
to  invite  attention,  and  in  placing  it  before  the  Institute,  I  wish  it  to  be 
distinctly  understood  that  I  do  not  claim  the  credit  of  the  first  application  of  the 
idea,  other  instruments  depending  upon  the  same  principle  having  already  been 
made.  These  instruments,  theoretically  perfect  in  their  construction,  are, 
as  I  understand,  practically  defective  when  used  under  certain  conditions. 

When  a  ship  has  much  wind  on  her  beam  there  is  an  extent  of  heeling  over 
which  may  seriously  affect  the  compass,  owing  to  the  ship's  deck  not  being 
parallel  to  the  card  (the  plane  in  which  it  was  adjusted.)  As  a  clinometer 
must  therefore  be  consulted  before  reliance  can  be  placed  upon  any  observation 
for  determining  the  deviation,  I  have  applied  one  to  the  instrument  I  am  about 
to  submit  to  your  consideration. 

The  wind  which  causes  the  heeling  over  also  affects  the  steadiness  of  the  action 
of  instruments  exposed  to  its  influence.  The  Palinurus,  as  I  have  named  mj' 
instrument,  is  not  affected  by  such  a  disturbing  force,  as  the  whole  apparatus  is 
flush  with  the  top  of  the  box  in  which  it  is  contained ;  the  heeling  over  of  the 
ship  causes  the  weather  side  of  the  box  to  be  raised,  and  that,  of  course,  com- 
pletely shelters  the  working  parts  from  the  action  of  the  wind. 


The  mechanism  of  the  instrument  is  very  simple.  It  consists  of  a  hollow 
half  sphere,  around  the  outer  edge  of  which  a  plate  containing  the  points  and 
degrees  of  the  compass  (the  vernier  for  which  is  on  that  edge  of  the  box  which 
is  placed  towards  the  ship's  head) ;  this  plate  is  so  fixed  as  to  be  capable  of  being 
moved  (by  means  of  the  milled  head)  partially  round  the  bowl.  A  segment  of 
the  inner  edge  of  this  plate  is  divided  into  degrees,  the  vernier  for  which  is  on 
the  top  edge  of  the  bowl,  so  that,  by  turning  the  milled  head,  the  plate  may 
be   set  magnetic,    and  the  bowl  and  hour  circle — as  it  may  be  called — true. 

This  corrects  for  the  variation.  The  hour  circle  is  deprived  of  its  upper  half, 
as  it  would  hinder  the  shadow  from  falling  on  the  lower  half,  especially  when 
the  sun  has  but  little  declination.  It  is  slung  by  its  ends,  which  are  at  right 
angles  to  the  vernier^  on  the  bowl,  in  such  a  manner  as  to  sweep  the  inside  of 
the  latter.  Fastened  to  the  centre  of  the  hour  circle  is  a  sector,  the  upper  edge 
of  which  forms  a  line  with  the  vernier  on  the  top  edge  of  the  bowl  when  the 
instrument  is  set  for  0°  latitude. 

At  each  end  of  the  sector  is  a  socket  to  carry  a  pair  of  sights,  which  are 
required  when  the  sun  is  not  bright  enough  to  cast  a  shadow,  or  when  observing 
the  moon  or  a  star,  the  tail  of  the  sight  being  always  placed  at  the  meridian 
distance  on  the  hour  circle.  By  placing  either  end  of  the  sector  upright,  and 
setting  the  tail  of  the  sight  at  0,  the  instrument  may  be  used  for  taking  ordinary 
bearings.  The  whole  apparatus  revolves  upon  a  centre,  and  is  hung  iu  gymbals 
with  a  balance  weight  beneath. 

As  already  mentioned,  there  is  a  clinometer  on  the  side  of  the  box  facing  aft. 

The  following  are  the  instructions  for  using  the  instrument. 

1.  Set  for  variation  by  turning  the  screw  at  the  south  point. 

2.  Set  the  latitude  pointer  to  ship's  latitude  at  time  of  observation. 

3.  Find  the  apparent  time  at  ship  (say  within  5  minutes),  and  turn  the 
instrument  by  means  of  the  knobs  at  east  and  west,  until  the  shadow  of  the 
edge  of  the  sector  cuts  the  time  on  the  hour  circle. 

The  point  now  at  "  Ship's  Head  "  is  the  course  the  ship  is  on  (magnetic), 
the  difference  between  which  and  the  binnacle  compass  is  the  deviation  of  that 
compass  on  that  point.  A  pair  of  sights  are  supplied  which  can  be  fitted  to 
either  end  of  the  sector,  for  the  purpose  of  taking  bearings  of  the  moon  and 
stars,  or  the  sun,  when  not  bright  enough  to  cast  a  shadow.  When  using  them 
(having  set  the  latitude  pointer),  set  the  tail  piece  to  the  time  on  the  hour 
circle,  and  turn  the  instrument  as  directed  in  rule  3,  until  the  object  is  observed 
through  the  slits. 

In  high  latitudes,  and  also  when  using  the  sights,  it  will  be  necessary  to  lift 
the  hour  circle,  &c,  out  of  the  bowl  by  means  of  the  ends  projecting  at  east  and 
west.  By  placing  the  sector  upright,  the  sights  may  also  be  used  for  taking 
magnetic  bearings. 

In  conclusion,  I  beg  to  be  allowed  to  remark  that  the  object  sought  for  in  the 
construction  of  this  instrument  is  the  production  of  a  simple  tool  capable  of 
being  readily  understood  and  easily  used  by  an  ordinary  mariner,  without  reference 
to  any  abstruse  calculations,  and  which  is  as  reliable  and  perfect  in  the  practical 
results  of  its  operation  as  are  the  methods  and  formula:  of  the  mathematical 
navigator. 
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"On  the  Aniline  oe  Coal  Tab  Colotjbs." 

By  W.  H.  Peekin,  Esq.,  F.R.S. 

Lectuee  II. — Contd. 

(Continued  from  page  90). 

Coal  Tar,  Benzol,  Nitrobenzol,  Aniline,  and  Aniline  Purple  or  Mauve- 

Commercial  magenta  consists  of  brilliant  crystals,  sometimes'  half-an-inch  in 
length,  having  a  beautiful  golden  green  metallic  appearances ;  these  dissolve  in 
warm  water  almost  entirely,  forming  an  intense  purplish  red  solution.  Dr. 
Hofmann  has  carefully  studied  the  chemical  nature  of  magenta,  and  has  found 
it  to  consist  of  the  salt  of  an  organic  base,  which  he  has  called  rosaniline.  This 
base  may  be  obtained  from  the  commercial  product,  by  dissolving  it  in  water 
and  boiling  it  with  an  alkali,  or  alkaline  earth,  such  as  ammonia,  potash,  or 
lime ;  it  is  thus  rendered  nearly  colourless,  and  after  filtration  rosaniline  separ- 
ates from  the  clear  solution,  on  cooling,  in  colourless  crystals.  It  is  composed  of 
carbon,  hydrocarbon,  and  nitrogen  when  anhydrous,  but  generally  contains  an 
equivalent  of  water  also.    The  anhydrous  base  has  the  formula — 

C20HasN3 

This  colourless  base  immediately  becomes  dark  red  upon  combining  with  an 
acid,  as  I  can  show  you  by  heating  some  acetic  acid,  when  the  colour  is  imme- 
diately developed.  The  magenta  produced  by  heating  commercial  aniline  with 
nitrate  of  mercury  is  the  nitrate  of  rosaniline ;  that  produced  with  arsenic  acid 
is  the  arseniate,  but  in  the  process  of  purification  this  latter  salt  becomes  con- 
verted into  hydro-chlorate,  which  is  the  salt  most  generall}'  found  in  the  market. 
Other  salts  are  also  commercially  manufactured,  such  as  the  oxalate  and  acetate, 
especially  when  a  very  pure  product  is  required ;  these  salts  are  generally  pre- 
pared from  pure  rosaniline,  by  combining  it  with  the  required  acid,  and  crystal- 
lising from  water. 

The  acetate  of  rosaniline  crystallises  in  magnificent  octahedra,  possessing 
the  ordinary  golden  green  metallic  lustre  to  a  very  high  degree ;  it  is  also  the 
most  soluble  salt  of  rosaniline  known.  The  affinity  of  rosaniline  salts  for 
animal  fibres  is  very  great ;    it  does  not,  however,  resist  the  action  of  light 
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nearly  to  the  same  extent  as  the  mauve.  All  the  derivatives  of  rosaniline  also 
possess  a  very  great  affinity  for  animal  fibres,  in  most  cases  quite  equal  to  that 
of  magenta  itself. 

When  speaking  of  aniline  purple,  I  showed  you  that  by  reducing  agents  it 
became  colourless,  or  nearly  so,  but  that  the  original  colour  was  developed 
when  it  was  exposed  to  the  oxygen  of  the  air.  Salts  of  rosaniline  01  magenta 
are  also  decolourised  by  reducing  agents,  but,  unlike  auiline  purple,  the  colour  is 
not  restored  by  exposure  to  the  air.  Dr.  Hofmaun  has  found  that  in  this  case 
a  new  organic  base  is  produced  which  he  has  called  leucaniline.  This  substance 
differs  only  from  rosaniline  in  containiug  an  additional  quantity  of  hydrogen. 
It  may  be  reconverted  into  rosaniline  by  oxidising  agents  such  as  bichromate  of 
potassium,  &c. 

There  is  another  very  peculiar  reaction  of  rosaniline.  This  base,  when  brought 
in  contact  with  hydrocyanic  acid,  instead  of  forming  a  coloured  hydrocyanate 
of  rosaniline,  yields  a  perfectly  colourless  body,  which  is  not  a  salt  but  a  base. 
This  remarkable  fact  was  discovered  by  Dr.  Hugo  Miiller,  and  he  has  called  this 
new  body  hydro-cyanrosiline.  We  shall  have  occasion  to  refer  again  to  this 
substance  and  leucaniline. 

In  the  formation  of  magenta,  a  second  product  is  obtained,  commercially 
called  phosphine.  This  substance  was  first  introduced  by  Mr.  E.  Nicholson. 
Dr.  Hofmann  has  investigated  it,  and  found  it  also  to  contan  an  organic  base, 
which  he  has  called  chrysaniline. 

Phosphine  or  chrysaniline  is  not  capable  of  being  produced  at  will,  and  the 
quantity  formed  in  the  manufacture  of  magenta  is  variable.  In  shade  it  is 
of  rather  a  yellow  orange.  This  colouring  matter  differs  from  rosaniline,  the 
base  of  magenta,  in  exactly  the  opposite  direction  to  leucaniline,  containing 
two  atoms  less  of  hydrogen.  Leucaniline,  rosaniline,  and  chrysaniline,  are  thus 
related  : — 

Leucaniline     C.;oH2iN3 

Rosaniline       C^H^N;) 

Chrysaniline   CjoH^X-j 

The  principal  use  of  phosphine  is  for  the  formation  of  a  scarlet  with  magenta, 
It  is  not  converted  into  magenta,  nor  decolourised  with  reducing  agents  or 
hydrocyanic  acid,  and  therefore  does  not  seein  to  be  of  the  same  class  of 
colouring  matters  as  rosaniline. 

From  the  residues  obtained  in  the  manufacture  of  magenta  three  new  colours 
have  been  obtained  by  Messrs.  Girard  and  Delaire,  but,  I  am  sorry  to  say,  my 
time  will  not  allow  me  to  enter  the  particulars  of  these  products.  I  believe  they 
have  not  been  commercially  introduced  as  yet. 


the  aniline  and  the  particular  salt  of  rosaniline  employed  in  its  manufacture. 
It  is  found  by  experience  that  the  aniline  should  be  as  pure  and  free  from 
toluidiue  as  possible,  and  that  the  salt  of  rosaniline  should  contain  a  feeble 
acid,  such  as  the  acetate,  velerate,  oleate,  or  benzoate ;  but  why  the  latter  is 
necessary  chemists  are  unable  to  understand  at  present.  Practically,  the 
various  salts  of  rosaniline  required  for  the  manufacture  of  the  blue  are  not  pre- 
pared separately,  but  are  produced  in  the  operation  by  double  decomposition, 
which  is  simply  a  process  of  exchange;  thus,  if  acetate  of  rosaniline  is  required, 
a  mixture  of  hydrochlorate  of  rosaniline  and  acetate  of  sodium  is  employed ; 
these  re-act  on  each  other,  and  change  into  acetate  of  rosaniline  and  chloride 
of  sodium. 

On  the  large  scale,  the  process  of  making  aniline  Hue  is  carried  out  in 
various  ways,  but  mauy  emyloy  the  apparatus  shown  in  tig.  6.  This  appartus 
consists  of  an  oil  bath,  a,  set  in  a  brick  furnace;  it  has  a  cover,  b,  perforated 
with  large  holes ;  into  these  holes  are  placed  small  enamelled  cast-iron  pots,  c, 
provided  with  a  flange,  on  which  they  rest.  These  pots  will  hold  from  three 
to  five  gallons,  and  are  fitted  with  lids  held  down  with  clamps  ;  each  lid  is  pro- 
vided with  a  small  stuffing-box,  through  which  the  rod  of  a  stirrer,  d,  passes. 
In  the  lid  are  also  two  other  perforations  ;  one  of  these  is  fitted  with  a  wooden 
plug,  e,  for  the  purpose  of  testing  the  progress  of  the  operation  ;  the  other  is 
connected  with  a  bent,  movable  tube,  f,  united  to  a  long  central  main,  to 
collect  any  aniline  vapour  which  passes  over.  This  main  is  connected  at  one 
end  with  a  worm,  <j.  to  condense  the  vapours.  The  oil  bath  by  which  these 
pots  are  heated  is  provided  with  a  thermometer,  so  that  the  temperature  mav 
be  properly  regulated.  In  preparing  the  blue  a  mixture  of  magenta,  acetate  of 
sodium  and  aniline  being  employed  in  excess.  When  charged  the  oil  bath  is 
heated  up  to  190°  C,  and  kept  near  that  temperature.  At  first  the  red  colour 
of  the  mixture  changes  slowly,  but  afterwards  with  rapidity.  The  progress  of 
the  operation  is  ascertained  by  removing  the  wooden  plug,  and  withdrawing  a 
small  quantity  of  the  product  upon  the  end  of  an  iron  or  glass  rod,  and  it  is 
considered  complete  when  a  good  blue  colour  has  been  obtained ;  to  ascertain 
this  point  with  precision,  considerable  experience  is  necessary.  The  excess  ot 
aniline  distils  during  this  operation,  and  is  condensed  by  the  worm,  and 
collected  in  a  suitable  receiver,  so  that  it  may  be  used  again. 

From  the  crude  blue  product  thus  obtained,  which  is  a  fluid  of  the  consistency 
of  treacle,  all  the  different  qualities  of  blues  found  in  the  market  are  prepared. 
The  cheaper  qualities  are  obtained  by  simply  treating  the  crude  product  several 
times  with  hydrochloric  acid.  This  removes  all  the  free  aniline,  and  most  of 
the  red  and  purple  impurities.  Another  similar  but  more  effective  process  is 
employed  for  the    preparation   of  the  better  qualities,  and  consists  in  mixing 
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Magenta  is  now  more  need  as  n  ionr  b  of  other  oolonn  than  as  a  dye.    This 
l>rn  caused  its  mannfactnre  to  be  oondnoted  on  a  very  extensive  scale,  and  it  is  I 
11111  looked  upon  by  the  manufacturer  u  a  raw  material   much  in  tho  samo  . 
warai  aniline  was  regarded  in  the  early  days  of  aniline  purple, 

We  will  next  consider  some  ol  the  derivatives  of  magenta,  and  the  Brsl  wi 
will  study  is  aniline  blur'  or  Men  de  Lyon,  (f  aniline  be  treated  with  a  salt  of 
lilina  or  magenta,  ;i  remarkable  ohang*  takes  place;  at  first  the  colonr 
gradually  becomes  purple,  but  afterwords  gel  quite  bine,  emmonin  being  evolved 
at  the  same  time.  This  peculiar  reaction  was  observed  by  MM,  Ghrard  and 
Delaire,  who  found  thai  this  ohange  of  colour  was  due  to  the  formation  of  ■ 
new  body,  which  they  termed  the  bleu  de  Lyon;  intermediate  products  were 
likewise  obtained,  to  which  we  shall  refer  presently.    MM.  Girard  and  Delaire 

patented  their  process  In  January,  1861.  This  new  aniline  blue  is  one  ot  the 
most  important  of  the  artificial  colouring  matters,  and  its  manufacture  has 
been  very  much  Improved  npon  since  its  discovery.  There  are  several  circum- 
stances which  materially  influence  the  beauty  of  its  tint,  such  as  the  quality  of 


the  evude  prodnet  w i i h  met  1 1 yl.it i'd  < pints oi  wine,  and  pouring  il  into  wate 
acidulated  with  hydrochloric  icid,  and  then  thoroughly  washing  the  colouring 
matter  which  it  precipitates  with  water.  But  lor  "the  purest  kinds  of  blue 
there  are  several  processes  employod ;  thesi  I  upon  the  difflculi 

bility  of  some  oi  its  oorajpoundi  in  eloohol.  [u  preparing  these  very  pure 
qualities  of  blue,  instead  of  starting  with  the  crude  product,  one  of  the  punned 
blues  is  taken. 

Aniline  blue,  or  "  bleu  de  l.yon,"  i,  supplied  toconeumori  ai  a  ooarsc  powder 
having  a  coppery  lustre,  or  in  alcoholic  solutions  j  it  is  nearly  insoluble  in 
water,  and  has  to  be  dissolved  in  alcohol  before  il  is  added  to  the  dye  bath. 

'I  he  nature  of  this  blue  has  been  determined  by  Dr.  Hofmann.  II  i*  found 
to  contain,  like  mi  ourless  base,  becoming  blue  only  upon  combining 

with  acids.    Dr,  Hofmann  1ms  shown  this  base  to  contain — 

and  hat  called  it  "trlphonylrosaniline."    Like  rosaniline,  it  becomes  ool 
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when  treated  with  nascent  hydrogen,  forming  a  new  hase,  giving  colourless  salts, 
as  leucaniline.     The  composition  is — 

C38H33N3 

The  insolubility  of  aniline  blue  in  water  has  been  found  a  great  drawback 
to  its  use,  because  when  employed  for  dyeing  it  is  thrown  out  of  solution  in 
the  dye  bath,  and  then  mechanically  adheres  to  the  goods,  so  that  it  afterwards 
rubs  off. 

Mr.  Nicholson  has,  however,  discovered  a  process  for  rendering  this  blue 
perfectly  soluble  in  water.  His  process  closely  corresponds  to  that  employed  to 
render  indigo  permanently  soluble.  This,  it  will  be  remembered,  is  effected  by 
subjecting  indigo  to  the  action  of  concentrated  sulphuric  acid,  whereby  a 
sulpho  acid  is  produced. 

Mr.  Nicholson  has  found  that  aniline  blue,  when  treated  by  a  similar  process, 
also  forms  a  sulpho  acid,  perfectly  soluble  in  water,  and  forming  with  alkalies 
nearly  colourless  solutions.  These,  however,  when  decomposed  by  acids,  change 
back  to  the  original  blue. 

This  soluble  blue  is  now  much  used  for  silk  dyeing,  but  by  dyers  it  is  not 
thought  to  be  so  fast  as  the  normal  compound.  By  some  modification  of  the 
process  just  described,  Mr.  Nicholson  has  obtained  another  soluble  blue,  com- 
mercially known  as  "  Nicholson's  blue."  This  is  now  very  extensively 
employed  in  Great  Britain  for  wool  dyeing,  but  its  application  does  not  appear 
to  be  well  understood  in  France  and  Germany,  so  that  its  use  there  is  not  so 
great  as  in  our  own  country. 

If  a  salt  of  rosaniline  and  aniline  be  heated  together,  and  the  process  stopped 
before  aniline,  blue  is  produced,  the  resulting  product  when  treated  with  dilute 
acid  gives  a  colouring  matter,  which  has  been  called  "  violet  imperial."  This 
was  at  first  supposed  to  consist  of  a  mixture  of  blue  and  magenta,  but  recent 
research  has  shown  it  to  consist  of  intermediate  products.  Very  large  quantities 
of  this  colouring  matter  have  been  used,  but  its  consumption  is  now  rapidly 
falling  off,  owing  to  the  introduction  of  new  violets,  about  to  be  described.  A 
few  months  after  the  discovery  of  aniline  blue,  another  colouring  matter,  called 
the  "  bleu  de  Paris,"  was  obtained  by  M.  M.  Persoz  De  Luynes  and  Salvetat. 
These  chemists  found  that  when  aniline  was  heated  with  tetrachloride  of  tin 
for  thirty  hours  to  180°C.  in  a  sealed  tube,  neither  a  red  nor  a  violet,  but  a 
very  pure  blue  was  produced.  This  colouring  matter  is  generally  described  as 
being  identical,  or  probably  identical,  with  the  bleu  de  Lyon.  These  blues  are, 
however,  widely  different  in  their  chemical  nature,  as  the  bleu  de  Paris  is  easily 
soluble  in  water,  and  crystallizes  freely  in  needles  of  a  blue  colour,  with  a 
coppery  reflection.  It  consists  of  the  hydrochlorate  of  an  organic  base,  which 
is  precipitated  from  its  solution  by  alkalies  as  a  purplish  blue  powder ;  it  dyes 
silk  readily,  and  retains  its  blue  colour  by  artificial  light.  It  is  remarkable 
that  the  discoverers  of  the  bleu  de  Paris  do  not  seem  to  have  observed  its 
difference  from  the  bleu  de  Lyon. 

I  have  prepared  some  of  this  product  with  a  view  to  its  examination,  but 
hitherto  have  been  prevented  from  determining  its  composition.  I  hope  to  do 
so  soon. 

The  bleu  de  Paris  is,  unfortunately,  difficult  to  prepare  in  large  quantities, 
and  has  never  been  introduced  commercially. 

The  recognition  of  the  nature  of  the  bleu  de  Lyon,  by  Dr.  Hofmann,  led  him 
to  study  the  action  of  a  class  of  substances  upon  rosaniline,  known  to  chemists 
as  the  iodides  of  the  organic  radicals ;  this  investigation  resulted  in  the  discovery 
of  the  brilliant  colours  known  as  the  Hofmann  violets,  and  of  which  so  many 
shades  can  be  obtained,  from  a  very  red  purple  to  a  nearly  pure  blue. 

The  substances  generally  used  for  the  preparation  of  the  Hofmann  violets 
from  rosaniline  are  the  iodides  of  methyl  and  ethyl ;  the  iodide  of  methyl  differs 
from  that  of  ethyl  in  a  practical  point  of  view,  in  being  rather  quicker  in  its 
action  ;  it  is  also  more  volatile.  Both  these  substances  contain  a  remarkable 
element  called  iodine.  This  body  is  found  in  sea-water  and  sea-weed ;  its  aspect 
is  very  similar  to  that  of  a  metal ;  one  of  its  characteristic  properties  is  that 
when  heated  it  volatilizes  and  produces  a  beautiful  purple  coloured  vapour,  and 
here  we  find  how  dangerous  a  little  knowledge  is  when  relied  upon.  When  the 
iodide  of  ethyl,  which,  as  I  have  told  you,  contains  iodine,  was  introduced  for 
the  preparation  of  the  Hofmann  violets,  it  was  stated  in  some  of  our  periodicals 
or  daily  papers,  I  do  not  remember  which,  that  chemists  had  at  last  succeeded 
iu  fixing  the  colour  of  iodine,  whereas,  the  iodine  has  nothing  whatever  to  do 
with  the  colours  produced  with  the  iodides  of  ethyl  and  methyl,  but  is  simply 
an  instrument  in  bringing  about  the  change  which  takes  place  in  their  formation  ; 
moreover,  these  colours  can  be  equally  produced  without  using  iodine  at  all. 
It  is  unfortunate  that  the  popular  reports  upon  scientific  matters  are  generally 
so  utterly  untrustworthy.  One  of  the  most  remarkable  reactions  of  iodine  is 
the  blue  violet  colour  it  gives  with  a  solution  of  starch ;  this  is  used  as  a  test 
for  its  presence  when  in  the  free  condition,  and  is  remarkably  delicate;  it  is 
110  use  as  a  colour,  as  it  is  instantly  decomposed  when  heated.  To  prepare 
iodide  of  ethyl,  ordinary  alcohol  is  treated  with  iodine  and  phosphorus ;  the 
operation  has  to  be  conducted  with  care,  as  iodine  reacts  upon  phosphorus  with 
great  energy ;  usually  the  alcohol  and  phosphorus  are  placed  in  a  retort,  and 
the  iodine  added  very  carefully,  and  in  small  quantities  at  the  time.  The 
mixture  is  then  distilled,  and  the  distillate  mixed  with  water,  which  causes 
the  iodide  of  ethyl  to  separate  as  a  colourless  heavy  oil.  Iodide  of  ethyl  is 
veiy  volatile,  boiling  at  70°C ;  it  has  an  ethereal  odour,  and  when  pure  is 
colourless  and  transparent;  it  contains  no  less  than  81  per  cent,  of  iodine. 
Iodide  of  methyl  is  prepared  in  exactly  the  same  manner  as  that  of  ethyl, 
substituting  wood  naphtha,  or  methylic  alcohol,  for  ordinary  alcohol;  it  contains 
a  still  larger  quantity  of  iodine  than  the  iodide  of  ethyl,  viz.,  89  per  cent. 

For  the  preparation  of  these  substances  on  the  large  scale  special  apparatus 
has  been  devised,  and  sometimes  amorphous  or  red  phosphorous  is  substituted 
for  tho  ordinary  kind  ;  but  I  shall  not  have  time  to  enter  more  fully  into  this 
subject.  To  produce  the  violets,  Dr.  Hofmann  heats  pure  rosaniline  with 
iodide    of  ethyl,    or   aietbyl    and  methylated  spirits  of  wine,  in  a  cast-iron 


digester,  closed  air-tight,  with  a  lid  fastened  down  with  screws.  A  process 
very  similar  to  this  is  sometimes  employed,  and  consists  in  using  a  salt 
rosaniline.  caustic  alkali,  iodide  of  ethyl  and  alcohol.  Bnt  in  Germany  the 
ordinary  hydrochlorate  of  rosaniline  is  employed  with  alcohol,  or  wood  spirit 
and  iodide  of  ethyl,  and  is  found  to  work  very  successfully.  Hy  employing 
the  rosaniline  itself  a  lower  temperature  is  required  for  the  formation  of  violet, 
than  when  using  its  salts ;  in  fact,  I  have  found  that  a  mixture  of  iodide  of 
ethyl  and  rosaniline  re-act  even  at  the  ordinary  temperature  if  left  in  contact 
for  a  few  days,  and  produce  a  red  shade  of  violet. 

On  the  large  scale  Hofmann's  violet  is  generally  prepared  in  deep  cast-iron- 
vessels,  surrounded  with  a  steam  jacket,  and  provided  with  a  lid  having  a  per- 
foration, closed  with  a  screw  plug.  This  lid  can  be  firmly  fastened  down  with 
screws,  the  joint  being  made  with  a  vulcanised  indiarubber  washer.  This 
apparatus  is  charged  with  a  mixture  of  hydrochlorate  of  rosaniline  dissolved  in 
alcohol  or  wood  spirit,  and  iodide  of  ethyl  or  methyl,  in  proportion  according; 
to  the  shade  required.  After  the  apparatus  is  closed  the  steam  is  allowed  to 
enter  the  steam  jacket,  and  the  heating  continued  for  five  or  six  hours;  the' 
plug  is  then  removed  from  the  lid  of  the  apparatus,  and  the  alcohol  or  unused 
iodide  of  ethyl  distilled  off.  The  resulting  product  is  dissolved  in  water, 
filtered,  and  precipitated  with  chloride  of  sodium,  but  sometimes  it  is  first 
treated  with  caustic  alkali,  to  remove  all  the  iodine,  so  that  it  may  be  recovered. 
Thus  obtained,  the  colouring  matter  is  of  a  golden  lustre  if  of  a  blue  shade,  and 
of  a  greenish  if  of  a  red  shade. 

Like  all  the  other  colours  we  have  considered,  the  Hofmann  violets  are- 
nearly  white  organic  bases,  their  composition  differing  according  to  the  shade- 
of  colour,  thus  -. — 

A  red  shade  is  composed  of C22H23N3 

A  red  violet  shade,  of   C24H27N3 

A  very  blue  shade C26H31N3 

The  colours  of  the  Hofmann  violets  are  remarkable  for  their  brilliancy,  but,, 
unfortunately,  they  do  not  resist  the  action  of  light  so  well  as  might  be  desired ;: 
it  is  remarkable,  however,  that  the  regard  for  fastness  seems  to  have  given  way 
to  the  desire  for  brilliancy. 

In  the  early  days  of  coal-tar  colours  fastness  was  so  much  talked  about,, 
that  when  magenta  was  first  introduced  it  was  thought  b}r  some  that  it  would 
not  be  largely  used — how  different  has  it  proved  to  be.  Although  not  very 
fast  upon  cotton,  the  Hofmann  violets  are  sufficiently  so  for  woollen  and  silk 
goods,  as  colours  always  resist  the  light  better  when  applied  to  animal  fibres. 

In  the  formation  of  Hofmann  violets  we  see  that  rosaniline,  when  treated 
with  iodide  of  ethyl,  becomes  blue,  the  red  being  converted  into  violet;  but 
with  mauveine,  the  base  of  the  mauve,  exactly  the  reverse  takes  place,  'the 
mauveine  being  converted  into  a  much  redder  shade  with  iodide  of  ethyl.  The 
colouring  matter  produced  from  mauveine  and  iodide  of  ethyl  is  commercially 
known  as  "  dahlia  ; "  the  colour  is  intermediate  in  shade  between  aniline  purple 
and  magenta.  This  colouring  matter  possesses  the  same  character  for  fastness 
as  the  mauve,  and  also  gives  the  same  reactions  with  acids ;  unfortunately  it 
is  rather  expensive,  and  has  therefore  not  been  very  extensively  used. 

Lastly,  there  has  been  a  process  proposed  for  the  production  of  colouring- 
matters  similar  to  the  Hofmann  violets,  by  first  converting  the  aniline  into- 
ethyl-aniline,  a  base  previously  discovered  by  Dr.  Hofmann.  It  is  found  that 
by  substituting  this  base  for  aniline,  in  some  of  the  processes  which  have  been 
employed  for  the  manufacture  of  magenta,  the  ethyl-aniline  yields  purple  or 
violet  colouring-matters. 

This  process  has  been  patented  by  M.  M,  Poirier  and  Chappat,  but  the- 
reaction  appears  to  have  been  first  observed  by  M.  E.  Kopp.  Prom  the  great 
similarity  of  these  colouring  matters  to  the  Hofmann  violets,  I  need  not  enter 
into  any  lengthened  description  of  their  properties. 

Sea-water  contains,  besides  iodine,  another  remarkable  element  called  bromine  ; 
it  is  a  liquid  giving  off  very  irritating  orange-coloured  vapours.  This  remarkable 
body  yields,  with  many  hydro-carbons,  a  great  variety  of  compounds.  With 
ordinary  turpentine,  it  acts  with  great  yiolence  ;  but  if  the  action  be  moderated 
by  the  presence  of  a  large  quantity  of  water,  a  thick  viscid  oil  is  obtained.  This 
body  was  examined  by  Mr.  C.  Greville  Williams,  who  found  it  possess  the 
formula — 

CioHi5Br.3 

I  hare  found  that  this  substance,  when  heated  with  a  solution  of  magenta 
in  methylated  spirits,  produces  a  purple  colouring  matter  of  great  beauty,, 
commonly  known  as  the  Britannia  violet :  it  is  very  extensively  employed  for 
dyeing  and  printing,  and  can  be  produced  of  any  shade,  from  purple  to  a 
blue  violet. 

The  Britannia  violet  possesses  the  golden  green  lustre  so  common  to  all  the 
aniline  colours.     It  is  easily  fusible,  amorphous,  and  very  soluble  in  water. 

In  my  last  lecture  I  showed  you  the  great  intensity  of  the  mauve  dye.  I 
will  now  make  a  few  experiments,  to  illustrate  the  great  intensity  of  some  of 
the  colouring  matters  we  have  been  considering  this  evening. 

I  have  here  some  screens  of  white  paper,  on  which  I  have  dusted  a  very 
small  quantity  of  the  solid  colouring  matters, — so  small  a  quantity  that  I  dare- 
say you  can  scarcely  discover  its  presence.  If  I  now  project  spirits  of  wine 
upon  these  screens,  so  as  to  dissolve  the  colours,  you  will  see  their  remarkable- 
intensity. 

Let  us  now  consider  for  a  moment  the  great  rapidity  with  which  the 
discovery  of  new  coal-tar  colours  followed  that  of  the  mauve  or  aniline 
purple 

Aniline  purple  was  discovered  in  1856 ;  three  years  afterwards,  in  1859, 
the  magenta  was  introduced.  In  1861  we  had  the  aniline  blue ;  in  1863  the 
Hofmann  violet ;  and  in  1865  the  Britannia  violet.     Thus  we  see  that  all  these 
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■colours  have  not  only  been  discovered,  but  introduced  commercially,  in  a  period 
of  less  than  ten  years. 

We  have  now  reviewed  the  principal  coal-tar  colours,  but  there  still  remain 
some  important  ones  for  our  consideration  next  lecture  ;  and  although  some  of 
these  are  not  at  present  largely  used,  yet  it  is  to  them,  perhaps,  that  we  may 
look  for  the  future  development  of  this  branch  of  industry. 


INSTITUTION  OF   CIVIL  ENGINEERS. 


EXPERIMENTS  ON  THE  STANDARDS  OP  COMPARISON  EMPLOYED 
FOR  TESnNG   THE  ILLUMINATING  POWER  OF  COAL  GAS. 

By  Mr.  T.  N.  Kiekham,  M.  Inst.  C.E. 

It  was  observed  that  the  standards  of  comparison  at  present  in  use  were 
known  to  be  wanting  in  that  uniformity  of  result  necessary  for  determining  with 
accuracy  the  difference  in  the  intensities  of  two  lights.  But  as  the  amount  of 
the  variation  had  never  been  clearly  defined,  the  Author  had  instituted  a  series 
of  experiments  for  the  purpose  of  ascertaining  the  extent  of  these  differences. 

The  instruments  employed  for  testing  the  illuminating  qualities  of  two  flames 
were  founded  on  the  law  of  optics,  that  light  diverging  form  a  luminous  centre 
dimished  in  intensity  in  the  ratio  of  the  square  of  the  distance.  This  principle 
had  been  taken  advantage  of  by  Count  Rumford  in  the  instrument  known  as 
the 'Jet  Photometer,' which  was  described ;  as  was  also  another  method,  sug- 
gested by  Professor  Bunsen,  which  was  dependent  for  its  action  upon  the  com- 
bination of  reflected  and  transmitted  light. 

In  France,  the  instrument  employed  was  M.  Foucault's  modification  of  that 
proposed  by  Count  Rumford,  as  arranged  by  MM.  Dumas  and  Regnault ;  while 
the  standard  of  comparison  was  the  amount  of  light  emitted  from  colza  oil, 
specially  prepared  and  verified,  burning  in  a  Carcel  lamp,  of  certain  fixed  pro- 
portions, at  the  rate  of  42  grammes  (613  grains)  per  hour;  and  it  was  required 
that  the  light  produced  by  from  25  to  27!  litres  (-8625  to  -9707  of  a  cubic  foot) 
of  gas,  consumed  in  a  Bengel  burner  of  known  dimensions,  should  be  of  equal 
power.  The  mode  of  conducting  an  experiment  with  this  instrument  was  then 
detailed  ;  and  it  was  explained  that  during  the  progress  of  the  experiment,  the 
quantity  of  gas  was  regulated,  so  that  the  two  lights  should  be  maintained  of 
equal  intensity.  In  this  way  it  was  possible  to  compare  the  consumption  of  oil 
with  that  of  the  gas,  and  if  the  lamp  had  burned  at  the  specified  rate  of  12 
grammes  (648  grains)  per  hour,  the  experiment  should  have  been  completed  in 
14  minutes  17  seconds. 

In  England,  the  instrument  in  use  was  constructed  on  the  Bunsen  principle, 
and  the  standard  of  comparison,  as  defined  by  Act  of  Parliament,  was  a  sperm 
candle,  burning  at  the  rate  of  120  grains  per  hour.  The  gas  being  consumed 
at  the  rate  of  5  cubic  feet  per  hour,  through  an  Argand  burner  having  15  holes, 
and  with  a  chiirney  7in.  high,  must  be  equal,  in  intensity  of  light,  to  12  such 
■candles. 

The  instrument  by  means  of  which  the  experiments  were  made  by  the  Author 
was  also  constructed  on  the  Bunsen  principle,  combining  all  the  most  approved 
modifications.  It  consisted  of  four  photometers,  radiating  from  a  common 
centre  in  the  form  of  a  Cross,  and  each  accurately  scaled,  adjusted,  and  fitted 
with  every  appliance  to  ensure  uniformity  and  precision. 

The  first  series  of  experiments  was  undertaken  for  the  purpose,  if  possible,  of 
arriving  at  the  amount  of  variation  in  the  illuminating  power  of  candles  obtain- 
ed from  the  principal  manufacturers.  Gas  was  adopted  as  a  standard  of  com- 
parison ;  and  to  insure  uniformity  in  its  illuminating  power,  a  sullicient  quantity 
for  carrying  out  the  experiments  on  each  occasion  was  put  into  a  gas  holder  in 
the  laboratory,  the  temperature  in  the  latter  being  always  maintained  at  62° 
Fahrenheit."  In  this  series,  each  of  the  four  photometers  was  supplied  with 
candles  of  a  particular  make,  to  the  use  of  which  it  was  restricted  throughout 
the  day,  every  successive  experiment  being  made  with  a  separate  specimen.  All 
the  candles  were  cut  in  half  and  burned  from  the  centre.  It  was  observed  that, 
although  the  standard  candle  was  fixed  by  Act  of  Parliament,  as  a  sperm  candle, 
of  six  to  the  pound,  burning  uniformly  at  the  rate  of  120  grains  to  the  hour, 
yet  no  such  candle  was  to  be  obtained  ;  for  from  various  quantities  of  sperm 
candles  six  to  the  pound,  procured  from  several  manufacturers,  the  average  rate 
of  consumption  was  136  grain*.  This  fact  had  been  previously  demonstrated  by 
the  extended  series  of  experiments  carried  out  by  Professors  Graham,  Lecson, 
Brande  and  Cooper  in  1852,  The  Parliamentary  rate,  being  abnormal,  was  BO 
rarely  met  with,  tint  all  operators  had  been  compelled  to  make  corrections  for 
these  and  had  unanimously  adopted  the  ordinary  rule  of  simple  pro- 

portion for  the  purpose.      It  was  proposed,    therefore,  in  the  analysis  of  the 
diagrams  exhibi  iltsofthe  experiments,  thai  the  candles  burnin 

the  rate  of   :  I   be  designated  '  normal  standard  candl 

tingni  I  '  mdard  ol  I 

with  experiments  No*.  56  and  58  ;  in  No.  66,  with  a  c  i  isaraption 

"111  ing    power  of  the  standard 

l  v:i  can  lies ;  whilst  in  No.  68,  with  a  coi  sins,  ii   was  l  l."> 

caudles.     Th  ■  differs  ice  '<  e  i  le  with  oa 

which  irly  within  the  Parliamentary  standard,  was '8 of  a 

oandl  nl  No.  61,  burning  the  normal   standard  quantity  of  L36 

grain  '  ,  oon- 

candles,  the  difli 
being  in  tl  idle.     In  experiment  No.  60,  with  a  consump- 

tion of   \.u  ,  a  grain  more,  the  gas  was  si 

eaiuli  ...  ,,|  2-70  candles.      I  i  it  No.  61,  •■■.  imp- 

twn  ol  the  gas  had  an  nlumiri  i  idles. 

In  experiment  No.  ~r-.  with  a  consumption  of  )  ivj  p  tins,  th<  gai  appeared  to 


be  126  candles.  Experiment  No.  52,  with  a  consumption  of  1572  erains,  gave 
the  gas  as  1254  candles.  The  last  three  experiments  were  examples  of  candles 
°*v uming  d'Ae1'6"'  quantities  of  sperm,  yet  giving  practically  the  same  amount 
of  light ;  the  correction  of  which  to  the  Parliamentary  standard  of  120  grains 
created  error.  Experiments  Nos.  57  aud  54,  each  with  the  same  consumption 
of  130'2  grains,  showed  the  diflerence  in  the  illuminating  power  of  the  gas  to  be 
2-42  candles;  the  former  representing  it  as  13'02,  and  the  latter  as  ] 514  candles. 
These  were  examples  of  candles  burning  the  same  quantity  of  sperm,  yet  siving 
a  different  amount  of  light.  The  greatest  difference  in  the  illuminating  power 
of  the  'standard  gas,' as  shown  throughout  the  forty-four  experiments  made 
upon  this  day,  was  4'60  candles  ;  being  between  experiment  No.  51,  with  a  con- 
sumption of  129  grains,  giving  an  illuminating  power  of  13.58  candles,  and  ex- 
periment No.  60,  consuming  134-7  grains,  representing  the  gas  to  be  1818 
candles. 

An  examination  of  the  various  diagrams  would  demonstrate,  that  the 
differences  in  the  caudles  might  be  classed  under  five  heads ;  viz.— First. 
Differences  in  the  illuminating  power  of  Parliamentary  standard  candles,  burn- 
ing at  the  rate  of  120  grains  per  hour.  Secondly.  Differences  in  the  illuminating 
power  of  normal  standard  candles,  burning  at  the  rate  of  135  grains  per  hour. 
Thirdly.  Candles  with  different  rates  of  consumption,  giving  the  same  amount 
of  light.  Fourthly.  Caudles  with  the  same  rates  of  consumption,  giving  a 
different  amount  of  light.  And  fifthly.  Greatest  differences  of  illuminating 
power,  in  the  whole  number  of  experiments,  when  correeted  to  the  Parliament- 
ary standard. 

From  the  tabulated  results  of  three  other  sets  of  experiments,  it  appeared 
that,  in  the  first,  when  the  consumption  of  sperm  varied  from  1092  to  134-4 
grains,  the  greatest  difference  in  the  illuminating  power  of  the  gas,  corrected  to 
the  Parliamentary  standard,  was  4'59  candles ;  iu  the  second,  when  the  con- 
sumption ranged  from  120-9  to  130'8  grains,  the  difference  in  the  illuminating 
power  was  3.06  candles;  while  in  the  third,  with  a  consumption  of  from  ]20  to 
142-5  grains,  the  difference  was  4'21  candles. 

The  second,  third,  and  fourth  series  of  experiments  were  made  with  candles 
obtained  from  one  manufacturer  only.  As  an  example  of  the  results  arrived  at 
by  the  second  series,  it  was  stated  that  with  a  consumption  of  sperm  varying 
from  129.6  to  130.2  grains,  the  greatest  difference  in  the  illuminating  power  was 
2.26  candles. 

The  third  series  of  experiments  was  made  for  the  purpose  of  ascertaining 
whether  the  French  standard  of  comparison,  when  used  at  a  photometer  on  the 
Bunsen  principle,  was  more  reliable  than  the  candle.  It  was  thus  found,  that 
when  the  lamps  were  allowed  to  burn  without  any  regular  system  of  trimming, 
the  variations  were  about  as  great  as  those  of  the  candles  ;  but  when  the  lamp 
was  trimmed  before  the  commencement  of  each  experiment,  the  variation  was 
about  the  same  as  with  the  best  candles.  It  was  probable  that  the  results 
would  have  been  better,  if  the  time  allowed  for  taking  the  observations  had 
been  fifteen  minutes  instead  of  ten  minutes ;  for  the  lamp  when  filled  weighed 
lOlbs.,  and  the  balance  employed  would  not  turn  to  less  than  a  grain.  Subse- 
quent experiments  corroborated  this  supposition.  Of  this  series  the  examples 
selected  showed,  in  one 'case  that  the  "greatest  difference  in  the  illuminating 
power  of  the  ga3  was  1'69  candle,  with  a  consumption  of  sperm  ranging  between 
136-5  and  and  124-5  grains.  In  another  case  the  greatest  difference  in  illumi- 
nating power,  corrected  to  the  standard  consumption  of  108  grains  of  oil  in  ten 
minutes,  shown  in  the  whole  number  of  experiments,  was  2'3 candles,  when  the 
time  required  for  the  consumption  of  108  grains  of  oil  by  the  lamps  was  res- 
pectively 8  minutes  39  seconds  and  10  minutes  8j  seconds! 

For  several  years  past,  the  Author  had  in  operation  one  of  Mr.  Lowe's  jet 
photometers,  for  the  purpose  of  indicating  the  illuminating  power  of  the  gas  as 
it  was  being  manufactured.  As  its  apparent  accuracy  seemed  to  promise  a  more 
reliable  means  of  determining  the  illuminating  power  of  gas,  it  wis  decided  to 
carry  out  a  fourth  series  of  experiments,  with  a  view  to  discover  the  relation 
between  the  indications  of  this  instrument,  and  those  ol  the  French  and 
English  standards.  At  the  '  Cross' photometer,  three  consecutive  experiments 
were  made  upon  the  quality  of  the  gas,  compared  with  four  candles  burning  at 
the  same  time.  The  results  of  these  twelve  experiments  were  then  averaged. 
and  accepted  as  the  illuminating  power  of  the  gas  in  each  Oaae,  Anothei 
operator  was  at  the  same  time  engaged  at  the  Duma,  and  Regnault  photometer, 
and  the  average  of  these  experiments  was  also  taken  a^  representing  the  illumi- 
nating power  of  the  gas.  Two  of  Mr.  Lowe'ajel  photometers,  fitted  preoiselj 
alike,  wore  in  operation  throughout  these  experiments;  the  orifice  in  each  jet 
being  of  the  same  size,  so  that  at  any  given  pressure  the  height  of  the  flame 
from  each  would  be  the  same.  The  pressure  at  the  point  of  ignition  was  regulated 
so  as  to  give  a  flame  exactly  7in.  in  height,  and  thai  pressure  was  duly  recorded. 
The   height  of  the  flame  at  a   pressure   of  '6  of  an  inch   was  I  iserved,  as 

well  as  the  time  required  for  the  issue  of  -lot  a  cubic  foot  of  gas  under  each  of 
these  pro!  lures. 
A  diagram  was  prepared,  showing  the  t  experiments  for 

taining  the  illuminating  power  ol  il   qualities,  by  two 

different  systems,  as  at  presen  ind  hi  :  h    proposed  plan  of  testing  by 

the  jet.    On  tins  diagram  a  diagonal  Tim  drawn,   whirl)  illusti  i 

the  theory  of  ascertaining  the  illuminating  pi 

photometer,  worked  on  the 'Retro  trade  system,1  which  might  bo  thus  stated  ; — 
ining  a   Tin.  flame   from   an  oril  the 

illumin  ras  in   direct   proportion,   inversely,  as  ■ 

This  diagonal  line  being  considi  n  tandard  7in.  flami 

the  tie 

experin  ided  with  tho  theory ;  and  ol  •>!. 

ich  this  u.i  ;  and  th' 

candle  experiments  were  completely  cut  bj  the 
menti  also  tended  gencrnllv  to  prove  the  thi 
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Another  diagram,  representing  the  Duration  Test  corresponding  with  the 
retrograde  scale,  showed  the  time  required  for  the  issue  of  '1  of  a  cubic  foot  of 
gas,  of  a  certain  illuminating  power,  maintaining  a  7in.  flame  from  the  jet 
photometer.  The  use  of  the  Duration  Test  was  to  check  the  working  of  the 
jet  photometer,  and  to  afford  a  means  of  discovering  any  irregularities  that 
might  occur  in  the  apparatus.  As  an  example  of  its  use,  it  was  seen  by  the 
retrograde  scale  that  gas  having  an  illuminating  power  of  14  candles  gave  a  7in. 
flame  at  a  pressure  of  '63  of  an  inch  ;  and  upon  referring  to  the  Duration  Test 
it  would  be  found,  that  "1  of  a  cubic  foot  of  gas  of  that  illuminating  power 
ought  to  maintain  that  flam©  for  three  minutes.  Should  there  be  any  con- 
siderable deviation,  it  was  an  evidence  of  some  derangement  in  the  appa- 
ratus. 

Prom  these  experiments  the  Author  believed  it  was  evident,  that  a  more 
reliable  method  than  that  at  present  in  use,  for  determining  the  correct  illumi- 
nating power  of  the  gas  supplied  to  the  public,  was  urgently  needed;  and  he 
thought  the  following  system  would  be  found  to  give  results  approaching  as 
nearly  as  practicable  to  a  truthful  estimate  :  Let  the  illuminating  power  of  the 
gas  be  determined  by  the  aid  of  the  present  recognized  photometer,  fitted  with  a 
Carcel  lamp,  burning  oil  of  the  same  quality,  and  verified  in  the  same  manner, 
as  that  adopted  by  the  Municipality  of  Paris  as  a  standard ;  and  let  a  sufficient 
number  of  experiments  be  made  so  as  to  cover  the  errors  that  were  known  to 
exist,  and  the  average  of  these  be  compared  with  the  illuminating  power,  as 
shown  by  the  jet  photometer  and  the  Duration  Test,  and  then  the  '  mean  of 
comparison'  might  be  taken  as  the  illuminating  power  of  the  gas. 


By  co-operation  of  this  kind  all  would  be  benefited  intellectually,  and  the- 
information  gained  at  the  meetings  would  be  utilized  in  the  factory,  so  as  to  be 
made  advantageous  to  employers.  In  conclusion,  the  chairman  appealed  to 
honorary  members  to  come  forward  and  assist  the  society  by  reading  papers,, 
and  by  joining  in  discussions.  They  might  enter  that  hall  without  any 
sacrifice  of  dignity,  and  their  presence  would  be  hailed  with  the  greatest 
satisfaction. 

The  foregoing  is  but  a  brief  resume  of  the  chairman's  address,  which  was 
listened  to  throughout  with  great  attention,  and  applauded  at  its  close.  Mr. 
Robt.  B.  Vinicombe,  of  the  Royal  Arsenal,  Woolwich,  followed  with  a  paper 
on  "  Gunpowder  Machinery,"  This  was  of  a  thoroughly  practical  nature,  and 
the  whole  of  the  processes  connected  with  the  production  of  the  death-dealing 
compound  were  admirably  explained  by  the  author.  The  paper  was  copiously 
illustrated  with  diagrams,  and  was  altogether  calculated  to  enrich  the  transactions 
of  the  institution.  The  proceedings  of  Saturday  were  protracted  to  a  late  hour  ; 
but  Messrs.  Keyte,  Irvine,  Humes,  and  others,  took  part  in  the  brief  discussion 
which  followed  Mr.  Vinicombe's  elaborate  treatise,  and  votes  of  thanks  to  that 
gentleman  and  Mr.  Newton  concluded  the  meeting. 


At  the  meeting  on  Tuesday,  the  6th  ult.,  Mr.  Charles  Hutton  Gregory 
President,  in  the  Chair,  ten  candidates  were  balloted  for,  and  declared  to  be 
duly  elected,  including  one  Member,  viz. : — Mr.  William  Adams,  Locomotive 
Superintendent  of  the  North  London  Railway,  Bow ;  and  nine  Associates,  viz. : 
—  Mr.  William  Francis  Badgley,  Assistant  Surveyor  1st  Grade,  Topographical 
Survey  of  India;  Mi-.  Arthur  Carpmael,  Southampton  Buildings;  Mr.  William 
Hackney,  B.  Sc,  Westminster;  Mr.  Francis  Henry  Hambleton,  Baltimore,  U.S ; 
Mr.  Thomas  Crump  Hambling,  Westminster ;  Mr.  Charles  Benjamin  Knorpp, 
Acting  Executive  Engineer  in  the  service  of  the  Madras  Irrigation  and  Canal 
Company  :  Mr.  William  Francis  Lawrence,  King's  Lynn  ;  Lieutenant  Richard 
Arthur  Sargeaunt,  R.E. ;  and  Mr.  George  Frederic  Verdon,  C.B.,  Agent  General 
for  Victoria,  Australia. 

It  was  also  announced  that  the  Council,  acting  under  the  provisions  of 
Section  IV.  of  the  Bye-Laws,  had  recently  admitted  as  Students  of  the  Insti- 
tution, Messrs.  Henry  Carter,  William  Alfred  Dawson,  and  John  Henry 
Richard  King. 


LONDON  ASSOCIATION  OP  FOREMEN  ENGINEERS. 


The  members  of  this  institution  met  on  Saturday  the  3rd  ult.,  in  their  new 
hall  at  the  City  Terminus  Hotel,  and  the  assemblage  was  much  more  numerous 
than  at  any  previous  monthly  meeting.  The  chair  and  vice-chair  were  filled  b}- 
Mr.  Newton,  of  the  Mint,  and  Mr.  Keyte,  respectively.  The  first  business 
consisted  in  the  election  of  Mr.  James  Douglass,  Chief  Engineer  to  the  Trinity 
Board,  and  Mr.  W.  Munro,  of  Lambeth,  as  honorary  members,  and  of  Messrs. 
T.  Hughes,  J.  F.  Wolff,  J.  E.  Reed,  H.  Noble,  R.  Wood,  and  J.  Bates,  as 
ordinary  members;  Messrs.  W.  Pothergill,  and  W.  Price,  were  also  put  in 
nomination  for  membership  in  the  ordinary  class. 

Mr.  Newton  then  proceeded  to  deliver  an  address.  He  commenced  by 
congratulating  his  fellow  members  upon  the  advancement — steady,  and  apparently 
certain — which  the  Association  was  making,  and  upon  their  having  obtained  a 
suite  of  apartments  in  all  ways  so  well  adapted  for  their  monthly  gatherings. 
It  was  in  1855,  when  the  society  was  in  its  infancy,  and  when  it  was  regarded 
with  a  considerable  amount  of  jealousy  and  distrust  by  employers,  that  he 
(Mr.  Newton)  had  joined  its  ranks,  and  he  was  thankful  he  had  lived  to  witness 
its  development  to  its  present  state,  and  the  disappearance  of  every  vestige  of 
antagonism  to  it  on  the  part  of  the  master  engineers  of  the  kingdom.  To  the 
scientific  press  of  London  much  of  the  success  of  the  Association  was  due. 
Through  its  medium  the  transactions  of  the  society  was  made  known  to  the 
engineering  community  at  large,  and  its  internal  mechanism  and  its  springs  of 
action  explained.  The  inner  life  of  the  institution,  and  its  peculiar  blending  of 
scientific  investigation  with  benevolent  design,  had  thus  been  revealed,  and 
its  adaptability  for  technical  and  practical  purposes  demonstrated,  until,  at  last, 
the  principal  employers  of  London  were  among  the  firmest  friends  of  the 
Association.  This,  Mr.  Newton  said,  was  matter  for  extreme  congratulation, 
but  there  was  still  work  to  be  done.  It  seemed  impossible  for  individuals 
trained,  as  foremen  were,  in  the  workshop,  not  to  be  cognizant  of  the  value  as 
well  as  the  dignity  of  labour,  and  labour  was  still  essential  to  the  prosperity  of 
that  society.  Their  barque  had  tided  over  many  shoals,  and  escaped  many 
quicksands,  but  the  sea  of  public  life  abounded  in  hidden  as  well  as  patent 
dangers,  and  it  was  necessary  always  to  keep  a  good  look-out,  and  that  the  crew 
-should,  one  and  all,  be  prepared  to  do  their  duty.  Hitherto,  some  of  the  ship's 
company  had  merely  lounged  upon  the  deck,  and  contributed  little  towards 
bringing  the  vessel  into  harbour.  He  hoped  that  the  idle  members  of  the 
past  would  become  the  active  workers  of  the  future,  and  then,  humanly 
speaking,  all  must  go  well  with  that  institution. 

Mr.  Newton  adverted  to  the  gratifying  fact  that  Dr.  Percy  and  Professor 
Tyndail  had  promised  papers  on  future  occasions,  and  that  thus  there  would  be 
a  welding,  as  jfc  were,  of  scientific  deduction  and  practical  knowledge  in  their 
proceedings. 


ROYAL  GEOGRAPHICAL  SOCIETY. 


At  the  evening  meeting  of  this  society  on  the  5th  ult.,  Sir  Roderick  Murchison, 
president,  in  the  chair,  a  paper  by  Captain  T.  G.  Montgomerie,  of  the  Indian 
Survey,  was  read  on  the  explorations  of  two  Pundits  travelling  under  his  orders 
between    the  northern  frontier  of  India  and  Thok  Jalnng,  in  Thibet.    The 
meeting  was  attended  by    Lord  Lawrence,   Sir  Robert  Montgomery,    Sir  H. 
Rawlinson,  and  other  distinguished  men  connected  with  India.     The  Pundits,, 
well  provided    with  surveying  instruments  concealed  in  ingeniously  contrived 
compartments  of  their  travelling  chest,  entered  North-Western  Thibet  by  the 
Mana  Pass  ^  (18,570ft.)   on  the  28th  of  July,  1867  ;  they  thence  proceeded  by 
Totling  to  Gartokh,  crossing  the  Sutlej  by  a  remarkable  iron  suspension-bridge 
of  76ft.  span.     The  watershed  between  the  Upper  Sutlej  and  the  Indus  was 
crossed  on  the  9th  of  August  by  the  Bogola  Pass  19,220ft.;  and,  avoiding  the 
town  of  Gartokh,  they  crossed  another  lofty  range  by  a  pass  19,500ft.  high  on 
their  way  to  the  gold  mines,  which  they  were  anxious  to  reach  further  to  the 
east.    At  the  principal  gold  diggings  they  were  finally  stopped  by  the  Thibetan 
Governor,  who  suspected  they  were  not  traders,  as  "they  professed  themselves 
to  be  ;  and  after  a  short  stay  they  were  compelled  to  retrace  their  steps.    On 
their  return  they  explored  a  river  north-east  of  Gaitokh,  which  was  previously 
quite  unknown  to  geographers,  and  which  proved  to  be  the  main  stream  of 
the  Upper  Indus.     One  of  the  Pundits  ascended  it  to  within  a  few  marches  of 
its  source,  east  of  the  Kailas  Peak ;   another  descended  it  to  beyond  its  junction, 
with  the  Gartokh  River.    A  new  range  of  lofty  mountains,  called  Aling-Sangri^ 
was  also  discovered  ;  they  lie  to  the  north  of  the  Upper  Indus,  and  are  estimated 
to  have  a  mean  altitude  of  24,000ft.    The  country  travelled  over   was  a  lofty 
barren  plateau  nowhere  lower  than  13,000ft.  above  the  sea  level;  nothing  but 
coarse    grass    grows  on  the  elevations,   but   it  is  sufficient  to  support  great- 
herds  of  wild  animals ;  very  little  of  the  ground  was  cultivated,  and  that  little 
along  the  banks  of  some  of  the  rivers  at  an  elevation  of  13,000ft.  to  15,000ft- 
The  climate  at  the  mines  is  extremely  cold,  the  elevation  being  16,330ft. ;   the 
miners  live  in  tents,  pitched  in  pits  dug  some  7ft.  or  8ft.  below  the  surface. 
During   this  remarkable    and   successful  exploration,   850  miles  of  route  were 
surveyed,  and  the  altitudes  of  80  positions  ascertained.     The  paper  was  prefaced 
by  a  letter  from  Captain  Montgomerie  io  Sir  Roderick  Murchison,  in  which  he 
stated  that  the  Pundit  in  charge  of  the  expedition  was  the  same  who  performed 
the  remarkable  journey  to  Lhasa  and  the  sources  of  the  Brahmaputra,  for  which 
the  Geographical  Society  had  awarded  him  a  gold  watch — a  testimonial  which 
the  Captain  would  present  to  him  on  his  return  to  Dehra  Doon.    A  third  Pundit 
had  accompanied  him  on  the  present  journey,  and  was  likely  to  do  good  work. 
In  the  discussion  which  followed  Sir  H.  Rawlinson  said  great  merit  attached 
to  Captain  Montgomerie  for  devising  and  carrying  out  this  method  of  exploring 
the  unknown  countries  beyond  the  British  frontier  which  the  jealousy  of  the 
inhabitants  rendered  impenetrable  to  Europeans.    He  believed  the  goldfields 
visited  by  the  Pundits,  and  stated  by  them  to  extend  far  to  the  north-west, 
reached  as  far  as  Eastern  Turkestan,  for  the  city  of  Ilchi  had  been  the  seat  of 
the  gold  traffic  for  a  long  period.     In  fact,  these  goldfields   were  doubtless  the 
same  as  those  mentioned  by  Herodotus  as  lying  to  the  north  of  Cashmere,  and 
worked  by  Ants.     The  application  of  the  name  of  an  animal  to  the  miners  was  in 
accordance  with  a  common  practice  in  ancient  times,  when  when  many  tribes 
bore  the  nickname  of  some  species  of  animal :    the  burrowing  habits  of  the 
Thibetan  miners  would  probably  suggest  this  name.     Two  letters  were  also  read 
on  the  subject  of  Eastern  Turkestan,  and  the  prospect  of  trade,   especially  in 
tea,  between  British  India  and  Yarkand ;  one  of  them  was  from  Mr.  T.  Douglas 
Forsyth,  and  the  other  from  Mr.  R.Shaw.    The  latter  gentleman  had  under- 
taken to  convey  a  quantity  of  tea  grown  in  the  Kangra  Valley  to  the  Koosbegie 
of  Independent  Turkestan,  and  had  succeeded  in  entering  that  country  by  way  of 
the  Changchenmo  Valley  and  the  Karakash  River,  and  by  Shadula  and  Sanju. 
The  Koosbegie  had  acceded  to  his  request  to  be  permitted  to  visit  Yarkand,  and 
when  last  heard  of  he  expected  soon  to  reach  that  city.    Sir  Robert  Montgomery 
explained  to  the  meeting  the  project  once  entertained  by  the  Indian  Government 
of  constructing  a  road  direct  from  Simla  eastward  to  Thibet,  to  join  the  old 
Royal  road  of  that  country,  and  thus  open  trade  communication  direct  between 
India  and  Western  China.    The  following  new  members  were  elected ; — F.  G 
Chinnock,  F.  H.  Leaf,  Roger  Leigh,  E.  B.  March,  E.  M.  Underdown,  C.  M.  T. 
Western,  Rev.  T.  G.  WilsoD,  B.A. 
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NEW    PHOTOMETER    STANDARD     LIGHT      AND      BALANCE* 

By  Thojias    Wiltjaji    Keates,    Esq.,    F.R.C.S.,    &c,    Consulting 
Chemist  to  the  City  of  London  Gas  Company. 

Photometry  is  a  subject  which  has  risen  into  practical  importance  entirely 
within  a  few  years,  and  which,  from  being  a  matter  of  scientific  interest 
only  in  the  hands  of  the  chemist  and  physicist,  has  become  the  sole  means 
of  fixing  the  value,  between  seller  and  buyer,  of  one  of  the  most  necessary 
of  the  commodities  of  the  time — that  is,  common  illuminative  gas. 
Photometry  is,  however,  unsatisfactory  as  a  measuring  process.  We  have 
to  encounter,  in  limine,  the  difficulty  that  we  are  bound  to  measure  by  an 
instrument  which  does  not  supply  us  with  any  exact  standard  of  measure- 
ment ;    the  consequence  is  that  the  valuations  made  by  the  photometer  at 

the  present  time  cannot  be  regarded  as 
more  than  pretty  close  approximations 
to  the  truth.  Since  the  passing  of  the 
Gas  Act  of  1868,  and  in  view  of  pro- 
bably extended  legislation  upon  this 
subject,  the  question  as  to  a  means  of 
fairly  measuring,  and  so  putting  a  value 
upon  coal  gas,  is  of  much  more  serious 
importance  than  heretofore.  A  small 
reduction  in  the  lighting  power  of  the 
gas  supplied  to  the  City,  and  to  some 
other  parts  of  the  metropolis,  subjects 
the  delinquent  gas  company  to  heavy 
penalties ;  and  it  becomes,  therefore, 
the  more  desirable  either  that  the  pre- 
sent form  of  photometer  should  be  im- 
proved in  its  character  and  capabilities, 


—  a    great  improvement,    inasmuch  as  the   irregularities  of    one  candle 
counteracting  in  some  degree  those  of  the  other,  the  light  was  made  more 
regular  than  before,  and  the  light  of  the  standard  being  also  doubled,  the 
readings  of  the  photometer  were  rendered  clearer  and  more  distinct. 

Those  who  have  been  occupied  with  the  use  of  the  photometer  have 
mostly  found  long  ago  that  the  sperm  candle  is  a  most  defective  st  ndard 
of  light  measurement.  The  best  candles  burn  more  or  less  irregularly, 
quoad  the  particular  candle ;  and,  compared  one  with  another,  the  candles 
differ  so  much  in  burning,  although  apparently  alike  in  all  particulars 
calculated  to  ensure  regularity  in  that  respect,  that  there  has  come  to  be 
a  general  feeling  among  photometrists  that  a  new  light  standard  is 
absolutely  essential  to  the  successful  practice  of  photometry  as  a  real  means 
of  establishing  the  value  of  illuminative  gas.  Every  one  who  has  experienced 
the  uncertainty  of  the  burning  of  the  candles,  and  the  difficulty  and 
tediousnes3  of  getting  them  into  such  a  condition  at  first  as  to  give  a  fair 
start  to  the  photometric  experiment,  must,  I  am  convinced,  be  prepared  to 
meet  joyfully  any  reasonable  proposal  to  substitute  them  by  a  more  certain 
and  convenient  standard.  For  my  own  part,  1  may  say  that  I  have  long 
been  fully  alive  to  the  inconvenience  attending  the  use  of  the  candles,  and 
the  often  most  unsatisfactory  character  of  the  results  obtained  with  them; 
and  for  some  time  I  have  been  endeavouring  to  devise  a  standard  which 
might  remove  the  inaccuracy  and  inconvenience  of  which  they  are  the 
source.  I  venture  to  think  that,  after  many  trials  and  continued  experi- 
ments, I  am  in  a  position  to  propose  to  those  interested  in  investigation, 
a  standard  of  light  which,  if  not  perfect,  at  least  surpasses  not  only  the 
sperm  candle,  but  also  the  ordinary  French  lamp  standard,  so  far  as  to 
bring  the  indications  of  the  photometer  much  nearer  to  the  truth  than  they 
have  hitherto  been.  When  I  first  commenced  my  expeiiments  upon  this 
subject,  I  came  almost  at  the  very  outset  upon  a  double  difficulty.  I  saw 
that  the  only  direction  in  which  I  could  look  for  a  practical  means  of 
avoiding  the  use  of  the  candle  was  by  adopting  in  its  place  some  form  of 


or  that  some  more  exact  and  reliable  form  of  light-measurer  should  bo  devised. 
At  present  it  seems  unlikely  that  an]  realty  new  form  of  photometer  will 
come  into  me;  it  is,  therefore,  from  lome  alteration  in  the  arrangement! 
of  that  now  employed— known  as  Sanson's  ph  itometer — that  the  practical 
(fas  analyst  and  examiner  will  have  to  look  for  relief  from  his  difficulties. 
For  some  time  after  the  introduction  of  thil  phot  xneter  it  wait  In'  practice 
to  use  a  single  ■perm  candle,  of  a  defined  weight,  as  the  itandard  ol  li^lit, 
and  the  light  ol  the  gas  measured  by  this  itandard  wae  computed  al  ho 
many  candles  power ;  alter  a  time  two  sperm  randies  were  ased  together 

•  Soc  "Tlie  .Journal  of  Has  Ughting"  for  March  10th  lut. 


oil-lamp,  Iiut  in  my  earliest  trials  I  found  that  I  could  DOl  relj  Up  »n  any 
lamp  thai  l  could  obtain,  and  this  for  two  reasons,  operating  singly  or 
conjointly— first,  the  mechanical  struotare  ol  the  lamp  was  not  suited  to 
produce  a  uniform  action  in  ii-.  parts;  and.  secondly,  hue  fuel  was  ol  surl> 
t  nature  thai  there  was  no  certainty  thai  different   specimens       the 

kind  of  foil  would  prodm ttoMj  similar  efleOtS  in    burning.      I  i    s.'  king 

for  a  lamp  suitable  to  tin' us.- of  the  photometer,  •"  • 

themselves  at  the  very  outeet.    The  firs  <>    tb  "' 

oQ  to  the  wick,  at  ■  givm  height  and  ander  unchanging  |  the 

•  I,  lii-  us-  oi  a  fuel  unvarying  in  its  com] 
that  different  specimens  shall  ] m  so-neurl;  the  amelig  i     i 
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that  their  effect,  when  burned  under  like  conditions  in  the  lamp,  may  be 
regarded  as  constant.  I  could  find  no  lamp  in  which  these  requirements 
were  satisfied  when  I  began  my  investigations.  It  would  be  useless  to 
enter  into  an  account  of  my  various  failures  with  lamps  of  two  or  three 
different  kinds;  shortly,  I  may  say  that  I  commenced  by  endeavouring 
to  modify  the  fountain  lamp  so  that  the  supply  of  oil  to  the  wick  might  be 
uniform  ■  failing  these,  I  turned  to  the  ordinary  moderator,  with  the 
same  result;  and  that,  finally,  I  have  succeeded  in  obtaining  a  lamp 
which,  burning  sperm  oil,  appears  to  fulfil  the  objects  in  view  in  a  degree 
which  I  had  scarcely  hoped  to  arrive  at.  In  the  course  of  a  long  professional 
connection  with  one  of  the  largest  of  the  oil-refining  houses,  I  had 
acquired  an  intimate  knowledge  of  the  character  of  the  burning  oils,  and 
of  the  peculiar  circumstauces  attendant  upon  their  preparation  for  the 
market.  This  knowledge  enabled  me  to  perceive  at  once  that  the  number 
of  oils  from  among  which  fuel  for  a  standard  light  could  be  selected  was 
very  limited;  and  further  reflection  aud  experiment  lead  me  to  the 
conviction  that  there  is,  indeed,  but  one  kind  of  oil  fit  for  this  purpose. 
Before,  however,  deciding  upon  the  fuel  to  be  burned,  I  had  before  me 
the  problem  of  making  the  lamp  capable  of  burning  it.  As  I  have  already 
stated,  I  began  my  experiments  upon  the  fountain  lamp,  which  I  soon 
gave  up,  and  then  began  some  trials  with  the  common  moderator.  I 
found,  however,  two  defects  in  this  lamp,  both  of  which  were  capable  of 
destroying  uniformity  of  its  action ;  these  were  the  moveableness  of  the 
chimney — that  is,  the  capability  of  the  chimney  to  be  raised  or  lowered  so 
as  to  increase  or  diminish  the  sharpness  of  the  current  of  air  thrown  in 
upon  the  flame,  whereby  the  oxidation  of  the  burning  material  could  be 
increased  or  lessened  ;  and  the  way  in  which  the  oil  was  supplied  to  the 
wick  by  the  action  of  the  spring  and  piston  throwing  it  over  the  upper 
edge  of  the  metal  wick -holder — governing,  indeed,  by  the  height  of  the 
overflow  of  the  oil,  the  distance  to  which  the  flame  could  descend  into  the 
wick.  Both  these  points  in  the  construction  of  the  lamp  I  looked  upon  as 
destructive  to  its  uniform  action.  In  the  case  of  the  chimney,  if  it  were 
placed  at  different  heights  at  different  times,  the  amount  of  oxidation  of 
the  fuel  would  vary,  and  the  height,  colour,  and  intensity  of  the  flame 
would  also  become  inconstant ;  and  in  that  of  the  oil  supply,  the  height 
of  the  oil  flowing  over  the  edge  of  the  burner  would  affect  the  height  of 
the  flame,  and,  I  think,  also  its  colour.  The  quantity  of  oil  made  to 
overflow,  of  course,  depends  upon  the  action  of  the  spring  which  forces 
down  the  piston  in  the  body  of  the  lamp,  and  this  action,  being  in  propor- 
tion to  the  tension  of  the  spring,  is  greatest  immediately  alter  winding 
up,  and  grows  progressively  less  until  the  piston  is  quite  down.  It  is 
true  that  there  is  a  regulating  arrangement,  in  the  moderator  lamp,  to 
make  the  overflow  uniform ;  but,  so  far  as  I  have  seen,  this  is  not  effective, 
and  practically  the  matter  is  as  I  have  described.  I,  however,  found  that 
the  principle  adopted  in  the  moderator,  of  throwing  up  the  oil  to  the  wick 
by  a  mechanical  contrivance,  was  convenient  and  effective ;  and  I  have 
overcome  both  the  defects  which  I  have  described  in  the  lamp,  with  the 
kind  assistance  of  Mr.  Armstrong,  of  the  firm  of  Messrs.  Gardner,  of  the 
Strand.  I  determined  upon  fixing  the  chimney  at  a  definite  height,  and  I 
overcame  the  difficulty  as  to  the  irregularities  of  the  overflow  by  making 
a  row  of  holes  one-eighth  of  an  inch  in  diameter  in  the  wick-holder,  half 
an  inch  below  its  upper  edge,  so  that  the  overflow  of  oil,  instead  of  taking 
place  over  the  upper  edge,  should  be  half  an  inch  lower  down,  leaving  the 
oil  to  be  raised  from  that  point  to  the  flame  by  the  capillary  attraction  in 
the  wick  itself.  As  an  improvement  upon  this  plan,  Mr.  Armstrong 
suggested  that  four  slots  in  the  wick-holder  would  provide  a  better  outlet 
for  the  superfluous  oil  than  the  holes  mentioned,  and  he  has  made  me  a 
lamp  in  which  the  slots,  which  may  be  seen  in  the  drawing,  can  be  covered 
by  a  sliding  cylinder  of  thin  metal,  so  that  the  ovetflow  can  be  slightly 
raised  or  lowed  at  the  height  of  about  half  an  inch  from  the  edge  of  the 
wick-holder. 

In  this  arrangement  of  lamp  I  believe  that  I  have  obtained  almost  all 
that  can  be  desired  in  relation  to  the  lamp  per  se.  The  next  point  to  be 
disposed  of  was  that  concerning  the  fuel;  and  here  the  limits  of  inquiry 
were  very  narrow,  and  lay,  indeed,  practically  only  between  refined  rape 
oil  and  sperm  oil.  I  believe  that  a  worse  or  more  uncertain  material  than 
refined  rape  or  colza  oil  could  not  have  been  proposed  for  burning  as  a 
standard  of  light.  The  refining  of  this  is  effected  by  severe  chemical 
treatment.  The  oil  is  treated  with  the  strongest  sulphuric  acid,  and  the 
final  result  is  dependent  upon  several  points,  of  which  the  manufacturer 
possesses  so  little  knowledge,  and  over  which  he  can  exercise  so  little 
control,  that  no  two  batches  of  refined  rape  oil  can,  strictly  speaking,  be 
supposed  to  possess  exactly  the  same  burning  properties.  The  age  of  the 
seed,  the  difference  in  variety  of  the  seed,  the  quantity  of  acid  used  in 
refining,  the  strength  of  the  acid,  the  time  the  oil  is  beaten  with  it,  and 
the  method  used  in  bring  the  oil  into  condition  for  the  market,  all  affect 
its  quality  as  burning  oil,  and  give  to  it  an  uncertainty  of  character 
which  renders  it  unfit  for  use  in  producing  a  standard  light.  I  have  already 
said  that  I  consider  only  one  kind  of  oil  fit  for  this  purpose — that  is, 
sperm  oil.  In  the  first  place,  sperm  oil  is,  among  the  fixed  oils,  beyond 
all  comparison  the  best  fuel  for  lamps.    Where  refined  rape  oil  can  be 


burned  six  or  eight  hour?,  sperm  oil  can  be  burned  15  or  16,  even  then 
producing  mucb  less  of  the  charring  of  the  wick  which  other  oils  produce 
more  or  less  rapidly,  and  which  reduces  the  light  progressively  from  the 
very  first.  Sperm  oil  is  a  natural  production  in  the  form  in  which  we  have 
it;  it  is  only  filtered  to  separate  from  it  the  solid  spermaceti  with  which 
it  is  naturally  mixed,  and  it  never  undergoes  any  chemical  treatment,  so 
that  its  constitution  is  in  no  wise  altered  artificially.  Various  specimens- 
resemble  each  other  so  closely  that  no  difference  can  be  detected  in  their 
manner  of  burning,  and,  what  is  of  great  importance,  the  specific  weight 
of  sperm  oil  is  so  far  removed  from  that  of  the  other  fat  oils,  that  adulter- 
ation with  inferior  oil  cannot  be  carried  on  without  being  easily  detected. 
With  regard  to  this  point,  1  may,  however,  remark  that  the  weight 
generally  set  down  in  books  as  the  specific  weight  of  sperm  oil — -8750 — is 
quite  inaccurate.  I  have  never  had  an  opportunity  of  examining  a  sample 
with  lower  specific  gravity  than  -8790  and  the  sperm  oil  to  be  obtained  in 
commerce  possesses  a  specific  weight  lising  to -8810.  The  best  sperm  oil 
is  known  as  colonial  oil;  when  used  for  producing  a  standard  light  it 
should  be  filtered  in  the  winter,  so  that  the  last  portions  of  spermaceti  may 
be  removed  from  it.  Such  oil  should  have  a  specific  gravity  of  "880,  or  a 
little  less,  and  when  burned  in  a  common  cup  lump,  with  a  few  threads  of 
cotton  for  a  wick,  it  ought  to  give  a  bright  and  even  light  so  long  as  any 
of  the  oil  remains. 

The  dimensions  of  the  lamp  in  which  I  propose  to  burn  the  sperm  oil  as 
a  standard  are  as  follows,  the  body  of  the  lamp,  with  spring  and  piston, 
being  that  of  an  ordinary  full-sized  moderator  : — 

External  diameter  of  the  outer  tube  of  the  burner 1'08  inch. 

Internal  diameter  of  inner  tube  of  the  burner  075     „ 

Whole  height  of  chimney 9'45     ,, 

Height  to  shoulder  of  chimney  outside      2-35     „ 

Internal  diameter  of  bottom  of  chimney 1*90     „ 

Internal  diameter  of  top  of  chimney l-20     „ 

Kegulator  of  overflow,  mean  distance  below  the  edge  of 

outer  tube     0'50    „ 

Mean  height  of  flame,  burning  about  760  grains  of  oil  per 

hour,  about 2"50    „ 

The  wick  used  in  the  lamp  is  the  common  sperm  oil  wick,  1  inch  in  length, 
weighing,  when  dry,  7-60  grains. 

Some  time  since  I  published,  in  the  "  Journal  of  Gas  Lighting,"  an 
account  of  a  candle  balance  adapted  to  the  photometer-bar,  so  that  the 
weighings  of  the  candles  could  be  made  in  situ.  The  lamp  which  I  have 
described  is  attached  to  the  photometer,  and  can  be  weighed  with  the 
greatest  exactness  by  a  modified  and  improved  form  of  that  balance,  as  is 
shown  in  the  woodcut.  I  have,  however,  added  to  the  apparatus  a  table 
or  support,  upon  which  the  lamp  rests.  This  table,  which  is  shown  in  the 
drawing  below  the  lamp,  can  be  raised  or  lowered  by  the  rack  and  pinion, 
and  fixed  at  the  proper  height  by  a  screw.  The  whole  weight  upon  the 
central  kaife-edges  of  the  balance  is  somewhat  more  than  71bs.,  which  is 
reduced  to  a  minimum  by  the  balance  being  constructed  with  arms  of 
unequal  length ;  and  the  balance,  which  is  very  simple  in  its  structure, 
is  sufficiently  delicate  to  turn  distinctly  with  about  the  one  hundred 
thousandth  part  of  the  gross  weight.  The  regularity  with  which  this 
lamp  burns  is  very  satisfactory,  and  it  is  easy,  after  a  little  practice,  to 
start  it  at  once  with  a  consumption  of  oil  approaching  closely  to  the 
quantity  which  it  is  intended  that  it  should  burn.  The  following  table 
shows  how  little  the  consumption  varies  in  successive  given  periods,  even 
when  calculated  for  the  whole  hour  : — 


Quantity  of  Oil 
Consumed. 


Time  in  • 
Minutes. 


Consumption  of  Oil 
Per  Hour.     - 


100  grs 8-06 

100    „ 8-10 

100    „        8-25 

100    „        8-06 

100    „        8'08 


744'4  grs. 
740-7    „ 
727-2    „ 
741-4    „ 
742-5    „ 


100  „ 

100  „ 

100  „ 

100  „ 

100  „ 


8.07  743-4 

8*03  747-1 

8-00  750-0 

8-00  750-0 

8-00  7500 


After  many  experiments,  I  have  fixed  the  normal  consumption  of  oil 
in  this  lamp  at  760  grains  per  hour.  Its  mean  lighting  power,  burning 
that  quantity  of  oil,  very  slightly  exceeds  10  standard  sperm  candles ;  I 
have,  therefore,  adopted  it  as  giving  the  most  convenient  constant  number 
which  could  be  obtained.  The  following  table  of  four  sets  of  experiments 
shows  the  lighting  power  o    the  lamp,  the  results  being  corrected  to  a 
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consumption  of  120  grains  of  sperm  per  hour  fcr  the  candle?,  and  760  grain? 
of  oil  per  hour  for  the  lamp : — 

First  Series. 

Experiment  1  Lamp  equalled 9'84  candles. 

2  „        '     „ 10-07        „ 

3  „  „     9-82 

4  ,  „     9-97 


Mean. 


9-92 


Second  Series. 

Experiment   1  Lamp  equalled 10-13  candles. 

2  ,  „     10-10        „ 

3  „  „     10-13        „ 

4  „  „    10-43        „ 


Mean 

Third  Series. 

Experiment  1   Lamp   equalled. 

„  2  „  „     . 

•t  **    :>  3J 

4 


10-19 


.1009  candles. 
.  9-93        „ 
.10-07 
.  9-99 


Mean 1002        „ 

Fourth  Series. 

Experiment  1  Lamp  equalled 9'98  candles. 

2  „  „     10-00 

3  »  „     1000        „ 

4  „  , 1002 


Mean 10-00 


as  this  is  the  commencement  of  the  experiment.  The  weight  which  is  to- 
represent  the  consumption  of  oil  in  any  given  time  through  which  it  is 
intended  that  the  experiment  should  last,  must  next  be  placed  upon  the 
little  shelf  made  in  the  shoulder  of  the  lamp,  and  the  effect  of  this  will  be 
to  render  the  lamp  again  heavier  than  the  counterpoise,  so  that  it  will  be 
brought  back  upon  the  table,  where  it  will  remain  firmly  seated  until  the 
experiment  is  completed.  When  it  is  expected  that  the  oil  represented  by 
the  weight  is  about  to  be  exhausted,  the  balance  must  be  again  watched, 
and  the  time  taken  as  the  index  passes  over  the  zero  the  second  time  ;  this 
gives  the  time  of  the  consumption  of  a  given  weight  of  oil,  and  from  this 
the  lighting  power  of  the  lamp  must  be  rectified  to  a  consumption  of  7ti0 
grains  of  oil  per  hour,  according  to  the  general  practice.  In  all  other 
respects  the  experiment  is  conducted  as  an  ordinary  photometric  experiment 
with  the  caudles,  the  only  difference  being  that,  having  obtained  the  reading 
of  the  scale  in  candles,  the  result  must  be  multiplied,  as  I  have  already 
explained,  by  the  constant  number  of  the  lamp,  to  bring  the  expression  of 
the    lighting  power  of  the  gas  up  to  its  actual  value. 


General   mean  upon  the  four  series    10'03  candles. 

This  number  is  so  little  removed  from  10  that,  practically,  the  latter 
may  be  taken  to  represent  exactly  the  standard  of  light  according  to  my 
proposition,  and  the  adoption  of  such  a  number  affords  great  facility  in 
adapting  the  new  standard  to  the  present  photometric  scale.  Of  course,  if 
candles  cease  to  be  the  standard  of  light  in  estimating  the  value  of 
illuminative  gas,  it  would  be  irrational  to  continue  to  express  such  value  in 
candle  power  ;  a  different  system  of  scale  on  the  photometer  ought  then  to 
he  adopted,  taking  1,  10,  or  100  as  the  starting-point  of  the  scale.  But  at 
the  outset  it  would  be  useful,  supposing  the  lamp  to  be  found  a  desirable 
standard,  to  be  able  to  adapt  it  to  the  present  photometric  scale ;  and  this 
can  be  done  without  difficulty,  so  soon  as  the  real  value  of  the  lamp  is 
ascertained  In  candles.  This  number,  whatever  it  may  be,  is  a  constant ; 
to  arrive  at  the  lighting  power  of  the  gas,  it  is  only  necessary  to  multiply 
the  result  read  off  in  candles  on  the  photometer,  by  the  constant  number  of 
the  lamp,  to  obtain  the  value  of  the  gas  expressed  in  candles.  If  the  power 
of  the  lamp  be  taken  at  10  candle-.  Bl  I  have  suggested,  no  calculation  will 
be  required  ;  it  will  then  only  be  necessary  to  move  the  decimal  point  of 
the  reading  in  candles  on  the  photometer  one  place  to  the  right  to  find  the 
correct  final  expression  of  value.  Thus.  1-01  becomes  10'  1  candles;  1-10 
becomes  11-0  candles,  and  so  on.  The  only  change  necessary  in  the 
photometer  scale  would  be  the  further  division  of  the  lOths  of  candlos  into 
lOths,  which  would  then  represent  lOOtbs  of  a  candle.  I  am  informed  that 
;i  photometer  -rale  graduated  in  this  manner  was  first  made  by  Mr.  Hartley 
for  a  candle  photometer,  but  in  the  case  of  the  substitution  of  the  greater 
light  of  the  lam])  such  a  division  of  the  scale  is  an  obvious  necessity. 

A  glance  at  the  drawing  which  accompanies  this  article  will  show  at 
once  the  arrangement  and  mode  of  action  of  the  apparatus  described. 

The  lamp  ia  arranged  in  situ  at  the  end  of  a  common  bar  photometer. 
The  knife-edges  at  the  forked  extremity  of  the  bulanee  suspend  it  by  meUS 
of  a  collar  with  lateral  steel  plates,  which  are  slightly  hollowed,  and  which 
ml  on  the  knife-edges.  The  table,  which  can  be  raised  and  lowered  by  a 
rack  and  pinion,  is  seen  below  the  lamp.  The  com,,-  of  an  experiment  i- 
simply  as  follows  : — The  lamp,  being  burning  at  in  proper  rate,  is  put  in 
its  place  on  the  balance,  and  the  table  brought  to  such  a  height  that,  when 
the  weights  in  the  counterpoise  are  properly  adjusted  the  beam  will  be  a 
little  depressed  at  the  lamp  end.  As  the  oil  bums  away,  the  lamp,  of 
course,  becomes  proportionately  lighter,  and  in  a  -hort  time  the  lamp  end 
of  the  balance   will  begin  to  rise,  and   the  weight  top  distal 

int.     As  the  index  passes  the  zero  of  the  scale,  the  time  mutt  be 


SHIPBUILDING   IN    ITALY. 

Italy  is  well  supplied  with  materials  for  shipbuilding.  Excellent  timber 
is  furnished  by  the  forests  of  the  Alps,  Apennines,  the  Tyrol,  and  of  the 
island  of  Sardinia.  The  mines  of  the  Isle  of  Elba  give  an  inexhaustible 
supply  of  the  best  iron,  and  in  Lombardy  the  workers  in  this  metal  have 
been  famous  for  many  centuries.  In  Tuscany  and  on  the  Ligurian  coasts 
several  copper  mines  are  in  active  operation,  and  the  best  hemp  in  the 
world  is  grown  in  the  valley  of  the  Po.  Abundantly  supplied  with  the 
raw  material,  and  with  a  seaboard  of  3,622  English  miles,  Italy  must 
necessarily  be  one  of  the  most  important  shipbuilding  countries  in  the 
South  of  Europe;  and  since  the  formation  of  a  United  Kingdom  this 
important  branch  of  industry  has  greatly  increased. 

Previous  to  1859  the  total  number  of  vessels  launched  throughout  the 
Peninsula  did  not  exceed  200,  measuring,  collectively,  34,000  tons  yearly. 
In  1867  the  number  of  vessels  launched  was  642,  measuring  collectively, 
72,257  tons  from  80  ship-yards. 

The  vessels  launched  from  the  shipbuilding  yards  at  Sestri  Ponente, 
Varazze,  and  Savona  alone  made  up  one-half  of  the  aggregate  tonnage 
during  1867. 

The  average  tonnage  of  those  built  on  the  Ligurian  coast — viz.,  at 
Loano,  Pietra  Ligure,  Voltri  Pra,  Kecco,  Lavagna,  Spezia,  and  at  Lerici 
— exceeded  500  tons  each.  With  the  exception  of  CaateUamare,  where 
two  vessels  of  over  300  tons  burden  were  launched,  the  vessels  bu'lt  at 
the  other  yards  were  of  small  size.  The  number  of  vessels  built,  classed 
according  to  tonnage,  were  as  follows  : — 

Vessels  launched, 

No.  total  tonnage 

Between  500  and  900  tons  


Under 


100 
60 
30 
30  tons 


500 

100 

60 


58 

88,848 

93 

33,035 

30 

2,185 

20 

857 

111 

2,332 

Total 


642 


io~ 


The  largest  vessel  launched  during  the  yen-  was  :i  b:m|ue  of  875  ton*, 
at  Cbiari,  the  cost  of  which  was  860,000f.  The  total  value  of  the  ships 
built  during  1867  was  21,915, 14<Jf.,  including  those  built  at  Venice  for  a 
value  of  l,056,700f. 

At  Genoa  there  is  a  graving  dock  ami  patent  slip.  A  graving  dock  also 
is  opened  at  Naples.  Others  are  in  construction  at  Mes-ina  and  Anoona, 
and  Brindlsi  and  Venice  will  not  remain  long  without  them.  The  two 
largest  ironwork-  in  the  kingdom  ire  at  Naples  and  Genoa— at  the  lormer 
the  Pietrarsa  works,  and  at  the  latter  tho.-e  of  Sampierdarena,  capab 
making  the  largest  marine  engines.  There  are  also  smaller  establishments 
at  Palermo  and  \  enici  .  An  iron  shipbuilding  establishment  is  all  i  opened 
at  Leghorn.  The  best  sail  cloths  and  rope  are  manufactured  at  the 
ports  of  (tcnoa,  Castellamarc  di  Stable,  Aucona,  Palermo,  Messina,  and 
Venice. 


Drniotm  1  In  turning  lie  alloy*  (n 

ind  tm)  iii  a  Utile,  owing  to  their  sxtra hardne  ■  »nd  the 

anted,     n  has,  however  b«  "  •  1 1  rtalm  i  that  if  the 
polnl  ol  tiie  tool,  while  in  ass,  \<~-  t- ■  - j ■  t  constant 

will  prow. i  as  readily  ai  with  n  Bttol  tempered  ;  How  has 

been  turn.. i  with  the  greatest  ladlltj  bj  two  pari  et  petroleum  and 

tine. 
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TEIAL  TRIP  OP  THE  STEAMSHIP  "  HINDOSTAN." 

On  the  16th  ult.,  the  opium  clipper  steamer  'Rindostan,  built  for  Messrs. 
Asscar  and  Co.,  of  Calcutta,  by  Messrs.  J.  Wigham,  Richardson,  and  Co., 
of  Newcastle-upon-Tyne,  and  engined  by  Messrs.  Thompson,  Boyd,  and 
Co.,  was  tried  at  the  measured  mile,  and  attained  a  speed  of  12J  knots,  oil 
a  mean  draught  of  water  of  17ft.,  and  the  impression  was  that  had  the 
vessel  been  15in.  by  the  stern,  a  much  greater  speed  would  have  been 
attained.  The  cylinders  of  this  vessel's  engines  have  a  diameter  of  64in., 
with  a  three-foot  stroke,  and  developed  an  indicated  horse-power  of  1,440. 
They  are  fitted  with  surface  condensers,  and  all  the  best  arrangements  for 
economising  fuel.  The  circulation  of  the  water  in  the  condensers  is 
effected  by  a  centrifugal  pump,  made  by  Messrs.  J.  and  H.  Gwynne,  of 
Hammersmith,  which  gave  a  most  satisfactory  result.  The  dimensions  of 
this  splendid  steamer  are : — Length,  300ft.  6in. ;  breadth,  35ft.  2in. ;  depth, 
22ft.  6in.  There  were  on  board  the  representatives  of  the  owners,  who 
appeared  in  every  way  satisfied  with  the  vessel's  performance,  and  her 
yacht-like  model  called  forth  many  compliments  to  Captain  R.  B.  Durham, 
who  has  had  the  entire  designing,  planning,  and  superintendence  of  the 
vessel  and  her  machinery.  The  saloon  is  fitted  to  accommodate  forty 
first-class  passengers,  and,  together  with  the  sleeping  berths,  is  most 
elegantly  furnished  and  decorated;  and  every  care  appears  to  have  been 
taken  to  adapt  everything  to  the  climate  for  which  the  vessel  is  intended. 
Prom  her  trial  we  may  look  with  confidence  for  a  very  rapid  passage  of  the 
vessel  out  to  India.  She  is  expected  to  leave  the  Tyne  for  Calcutta  on 
the  19th  inst.,  and  on  her  arrival  out  the  residents  of  the  far  East  may 
consider  such  an  addition  to  the  available  means  of  transit  a  very  great 
boon.  She  is  intended  to  leave  Calcutta,  with  her  sister  ship,  The  China, 
now  on  the  stocks,  after  each  alternate  opium  sale,  for  China.  The 
owners  of  this  steamer  having  already  had  several  others  built  by  Messrs.  J. 
Wigham,  Richardson,  and  Co.,  seem  to  give  the  Tyne  a  preference  over 
either  the  Thames  or  the  Clyde,  and  it  is  somewhat  satisfactory  to  know 
that  the  builders  on  that  river  have  established  such  confidence. 


PADDLE  v.  SCREW. 
A  striking  instance  of  the  proper  distribution  of  steam-power  has  been 
exemplified  in  a  steamer  recently  altered  at  the  port  of  Greenock.  The 
vessel  in  question  was  a  paddle-steamer  of  350  horse-power,  with  cargo 
space  for  400  tons  of  goods.  Her  consumption  of  fuel  was  24  tons  a-day 
and  her  speed  71  knots.  She  was  converted  into  a  screw-steamer,  and 
fitted  with  a  twin  propeller,  and  the  consequence  has  been  that  with 
engines  of  75  horse-power  she  steams  at  the  rate  of  10|  knots,  and  carries 
800  tons  of  cargo,  with  a  daily  consumption  of  about  8  tons  of  coal  only. 


REVIEWS  AND  NOTICES  0E  NEW  BOOKS. 

.A.  Residence  in  Bulgaria  ;  or  Notes  on  the  Resources  and  Administration 

of  Turkey.     By  S.  G.  B.  St.  Clair,  late  21st  Fusiliers,  and  Charles  A. 

Beophy.  London  :  John  Murray,  Albemarle-street.  1869. 
Now  that  Hungary  is  about  to  be  opened  up  more  thoroughly  by  the  con- 
struction of  an  immense  network  of  railways,  and  that  the  trans -Danubian 
countries  of  Servia,  Bosnia,  and,  above  all,  Bulgaria — of  which,  as  yet,  com- 
paratively so  little  is  known  by  the  English  traveller — will  be  shortly 
invaded  by  railway  engineers,  surveyors  and  contractors,  a  more  opportune 
publication  could  not  have  been  giveu  to  us. 

Not  only  does  Bulgaria  possess  great  charms  for  the  tourist,  but  it  offers 
one  of  the  finest* virgin  soils,  for  the  pursuit  of  commerce  and 
industry.  To  the  English  engineer,  geologist,  and  mineralogist,  we 
can  vouch  that  it  offers  an  amount  of  real  interest,  such  as,  in  the  present 
i period  of  stagnation  which  exists  throughout  the  profession  generally, 
might  be  most  profitably  taken  advantage  of. 

The  authors  have  thoroughly  succeeded  in  making  a  very  interesting 
book,  and  have  thrown  more  light  upon  the  internal  political,  social,  and 
commercial  condition  of  Bulgaria  than  has  ever  yet  been  done  by  the 
■writers  who  have  previously  essayed  the  task.  They  possessed  in  them- 
selves peculiar  qualities  for  enabling  them  to  pursue  their  inquiries  inde- 
•  dependency  of  the  extraneous  aid  either  of  a  dragoman,  or  of  interested 
tale  bearers,  by  their  perfect  knowledge  of  the  languages  spoken  in  the 
■  country.  They  were,  therefore,  enabled  to  travel  without  escort,  and  thus 
they  have  not  only  acquainted  themselves  with  this  magnificent  country, 
hub  with  its  people  and  their  actual  condition. 

The  dedication  of  the  book  is  very  appropriately  made  to  one  of  the 
-very  ablest  of  Her  Majesty's  Consuls  General,  John  Augustus  Longworth, 
of  Belgrade,  upon  whom  Her  Majesty  has  recently  been  pleased  to  confer 
the  honour  of  Commander  of  the  Bath;  whose  great  courtesy  is  only 
equalled  by  his  high  courage,  and  his  political  talents  and  diplomatic 
ability  by  his  high  sense  of  honour,  truth,  and  justice. 

[We  have  received  several  books,  notices  of  which  are  unavoidably  post- 
poned until  our  next.] 


NOTES  AND  NOVELTIES. 


.    MISCELLANEOUS. 

Method  tor  Shabpening  old  Files. — The  files  are  first  washed  with  a  hot  lye  of 
soda,  and  all  grease  removed  with  brushes.  They  are  then  suspended  in  a  mixture  of 
concentrated  nitric  acid  with  eight  parts  by  measure  of  water  for  25  minutes ;  then  well 
cleaned  in  water  with  brushes,  and  re-immersed  for  25  minutes  more  in  the  acid  mixture 
with  addition  of  another  eighth  of  strong  acid.  Brush  again  and  re-immerse,  after  add- 
ing to  the  bath  a  sixteenth  part  of  concentrated  sulphuric  acid.  This  heats  the  bath, 
and  the  etching  proper  now  commences,  and  is  kept  up  ror  three  minutes,  with  a  vibra- 
tory motion  of  the  bath.  Wash  and  brush  and  reimmerse  in  a  bath  similar  to  the  last 
with  similar  agitation  for  five  minutes.  "Wash  repeatedly  with  water,  then  with  milk  of 
lime  ;  finally  rinse  again  with  water,  dry  quickly  at  a  gentle  heat  and  varnish,  while  still 
warm,  with  oil. 

The  experiment  of  drawing  a  train  by  an  engine  heated  with  mineral  oil  has  been 
tried  in  America  with  alleged  success.  All  the  gradients,  some  of  which  were  very 
steep,  were  ascended  with  the  greatest  facility. 

Experiments  recently  made  at  Chenoa,  Illinois,  in  drying  corn  by  hot  air,  and  thereby 
getting  it  to  an  early  market,  and  obtaining  the  first  prices  of  the  season,  are,  it  is  said, 
repaid  by  a  perfect  success.  Two  drying-houses  are  already  in  operation,  and  another 
will  be  added. 

The  Towek  Subway.— Tnis  work  is  now  in  course  of  construction  under  the  bed  of 
the  river,  from  Tower-hill  to  Tooley-street,  and  consists  of  a  tunnel  less  than  a  quarter 
of  a  mile  in  length,  access  being  gained  to  it  by  a  shaft  at  each  end.  The  depth  of  these 
shafts  will  be  52ft.  and  60ft.  respectively,  in  which  it  is  proposed  to  have  plumb  lifts 
for  the  transit  of  passengers,  parcels,  &c,  to  and  from  the  subway,  through  which  an 
omnibus  running  on  steel  rails  is  propelled,  both  being  worked  by  steam  power.  In 
driving  the  "  Subway,"  which  will  be  about  22ft.  below  the  bed  of  the  river,  a  wrought 
iron  shield  will  be  employed  overlapping  the  tunnel,  provided  with  doors  in  the  front 
through  which  workmen  can  drive  the  heading,  but  which  can  be  immediately  closed  on 
any  appearance  of  water,  and  so  render  all  water-tight ;  this  shield  will  be  propelled  by 
powerful  screws,  and,  as  it  progresses,  the  tunnel  segments  inserted.  The  whole  of  the 
work  is  under  the  superintendence  of  Mr.  Peter  W.  Barlow,  jun.,  C.E.,  the  engineer,  the 
contractor  being  Mr.  J.  H.  Greathead,  under  whose  superintendence  the  shafts  are  now 
being  sunk  by  Mr.  Thos.  Tilley,  artesian  well  engineer.  The  castings  for  these  shafts 
and  the  tunnel,  which  are  all  made  in  segmental  rings  firmly  bolted  together,  as  also 
the  manufacture  of  the  shield,  are  entrusted  to  the  firm  of  Messrs.  Bells,  Goodman,  and 
Co.,  of  Newcastle-upon-Tvne  and  London.  The  "  Tower  Subway"  was  commenced  on 
the  16th  of  last  February,  and  as  the  shaft  for  the  Middlesex  side  is  already  sunk 
to  the  depth  of  60ft.  and  the  remainder  of  the  work  well  advanced,  it  is  expected  to  be 
opened  to  the  public  before  the  commencement  of  the  year  1870. 

The  Chicago  Journal  of  Commerce  says,  a  man  in  Des  Moines,  Iowa,  has  erected  a 
dwelling  house  for  himself,  built  mostly  of  paper.  The  weather  boarding,  inside  walls 
and  shingling  are  of  that  material  known  in  the  West  as  the  "  Bock  Eiver  Company's 
Building  Paper."  The  cost  is  about  two-thirds  that  of  the  ordinary  materials,  and  the 
house,  it  is  said,  is  much  warmer  than  where  plaster  and  wood  are  used. 

NAVAL  ENGINEERING. 

An  order  has  been  issued  from  the  Admiralty  that  all  ships  of  war  carrying  twin-screw 
engines  are  to  have  their  machieery  fitted  with  Silver's  steam  governor.  The  largest 
vessel  driven  by  twin-screws  in  Her  Majesty's  navy  at  present  in  eommission  is  the 
armoured  iron  frigate  Penelope,  3,096  tons,  600-horse  power.  The  official  reports  from 
this  vessel  are  highly  favourable  as  regards  the  beneficial  action  of  the  steam  governor 
at  sea,  and  especially  so  in  rough  weather. 

MILITARY  ENGINEERING. 

The  North  German  correspondent  of  the  Times  says  that  a  new  rifle  invented  by 
Meyhdfer,  in  East  Prussia,  seems  to  be  by  far  the  most  formidable  weapon  in  existence. 
Charge  and  discharge  appear  to  take  place  almost  simultaneously,  and  it  is  said  30 
shots  can  be  fired  from  it  in  a  minute.  At  the  moment  when  the  barrel  is  closed  by  a 
valve,  the  cartridge  is  exploded  by  means  of  a  small  knife.  This  new  weapon  weighs 
only  8ilb.  and  the  barrel  has  a  length  of  36in. ;  the  cartridges  are  of  paper,  which  besides 
being  cheap,  cannot  expand  and  stick  fast  in  the  barrel,  as  was  the  case  with  the 
American  rifle  tried  in  St.  Petersburg.  The  long  arrow-shaped  projectile  of  the  Meyhofer 
rifle  is  fatal  at  1,800  paces,  and  weighs  only  two-thirds  of  a  pound,  so  that  every  soldier 
in  the  field  can  carry  with  him  100  cartridges.  The  new  rifle  is  loaded  by  a  gentle  blow 
of  the  flat  of  the  hand  on  the  handle  of  the  valve,  which  opens  the  powder  chamber  for 
the  entrance  of  the  cartridge. 

STEAM  SHIPPING. 

Teial  Trip.— The  paddle  steamer  Mahoud  Pacha,  lately  launched  by  the  Messrs. 
Hamilton,  at  Greenock,  proceeded  down  the  Clyde  on  the  6th  ult.  on  her  official  trial 
trip.  The  Mahoud  Pacha  is  a  fine  wooden  steamer.  Her  engines  oscillating  and  of  100- 
horse  power,  were  constructed  by  Messrs.  Daniel  Bowan  and  Co.,  of  Glasgow,  and  are 
highly  finished.  In  running  the  lights  she  attained  a  speed  over  15£  knots  per  hour. 
She  has  been  built  for  the  Ottoman  government,  and  is  the  first  of  three  similar 
vessels. 

The  Steamship  "Washington."— The  Washington,  a  large  ocean  paddle  steamer 
averaged  but  10  knots  and  burnt  96  tons  of  coal  per  24  hours.  Since  changed  into  a 
twin-screw  steamer,  but  with  no  alteration  in  the  hull  or  boiler,  she  averaged  H'8  knots, 
with  a  consumption  of  83  tons  of  coal  daily. 

Two  large  steamers,  each  216ft.  long,  have  just  been  despatched  from  New  York  to 
China.    They  are  to  sail  on  the  Yangtse  river, 

LAUNCHES. 

Messes.  A.  Stephen  and  Sons,  of  Kelvinghaugh,  have  launched  a  screw  steam  yacht  of 
350  tons  ;  built  for  Mr.  Lamont,  of  Knockdow.  The  yacht  is  to  be  employed  for  yachting 
and  scientific  purposes  in  the  Arctic  Seas. 

On  the  10th  ult.  there  was  launched  from  the  shipbuilding  yard  of  Mr.  John  Elder, 
at  Fairfield,  Govan,  the  William  Millar,  an  iron  screw  steamship,  of  800  tons 
builders'  measurement.  The  engines,  which  are  of  120  horse-power,  are  being  fitted  by 
the  builder,  on  his  patent  compound  principle.  The  William  Millar  has  been  built  to 
the  order  of  Donald  E.  McGregor,  Esq.,  and  is  intended  for  the  Baltic  and  Mediterra- 
nean trade. 

A  new  steamer,  the  Leo,  the  property  of  Messrs.  T.  Wilson,  Sons,  and  Co.,  was 
launched  on  1st  ult.  at  Hull.  She  was  built  be  Messrs.  C.  and  W.  Earle,  and  her 
dimensions  are— length,  221ft. ;  beam,  30ft.  6in.;  depth  of  hold,  17ft. 
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Mls-hs.  Barclay,  Curie,  and  Co.  launched  on  tbe  30th  March,  the  Siccden,  a  handsome 
spar-decked  iron  screw  steamer,  of  about  1,000  tons  register.  She  is  intended  by  her 
owner?,  Messrs.  .T.  and  A.  Allan,  of  Glasgow,  to  form  one  of  their  newly  established  line 
of  steamers  between  Norway  and  Newcastle,  and  she  will  be  fitted  and  finished  similarly 
to  the  Norway,  also  built  by  Messrs.  Barclay,  Curie,  and  Co.,  which  left  the  Clyde  a  few 
weeks  ago  to  take  her  place  on  the  same  station.  The  Sweden  is  in  length  235ft.,  in 
breadth  3n>ft.,  and  in  depth  17ft.  Her  propelling  power  will  be  supplied  by  direct-acting 
surface-condensing  engines  of  120-horse  power. 

A  iri.vDsoaiiLT- modelled  iron  screw  steamer  was  launched  on  the  31st  March  from 
the  iron  shipbuilding  yard  of  Messrs.  Schlesinger,  Davis,  and  Co.,  at  Wallsend.  This 
vessel,  which  was  named  the  Malvina,  has  been  specially  constructed  for  the  Danube 
and  Black  Sea  trade,  and  is  built  to  the  order  of  a  firm  in  Constantinople.  The  dimen- 
sions are:— Length,  ]7''>ft. ;  breadth  26ft;  and  depth,  lojft. ;  burtnen  600  tons,  and  class 
Ac  at  Lloyd's.  "  The  Malvina  will  be  furnished  with  engines  of  70-horse  power,  of  the 
surface-condensingclass,  by  Messrs.  Thomas  Clark  and  Co.,  of  the  Elswick  Marine  Engine 
Works,  Newcastle. 

RAILWAYS. 

Ox  March  30th  Colonel  Hutchinson,  R.E.,  Government  Inspector,  went  over  the  North 
Eastern  extension  line,  and  the  new  and  commodious  joint  station  of  that  company,  and 
the  London  and  North-Western,  and  passed  them  for  traffic.  In  consequence  of  this 
official  approval  the  trains  of  both  companies  on  the  1st  April  ran  into  the  new  station, 
instead  of,  as  heretofore,  into  the  Wellington  station,  which  the  companies  have  used 
for  so  many  years  past. 

There  arc  only  seventy-five  miles  of  rail  remaining  to  be  laid  on  the  Pacific  Railroad, 
and  it  is  expected  that  a  loeo:r.otive  will  run  through  to  San  Francisco  early  in  the 
summer.    The  highest  point  on  the  road  is  7,500ft.  above  the  sea. 

The  exports  of  rail  from  Belgium  decreased  last  year  to  70,550  tons,  as  compared  with 
80,875  tons  in  1867.  The  diminution  in  the  exports  of  rails  arose  principally  on  Russian 
account. 

DOCKS,  HA.RE0URS,  BRIDGES. 
The  Hudson  River  suspension  bridge  will  use  up  70,302  miles  of  steel  wire  . 

MUTES,  METALLURGY,  &c. 

The  NoBTHtniBEHLAND  Steam  CoLLiEniES.— The  steam  coal  trade  of  Northumberland, 
which  had  been  in  a  depressed  state  several  months,  is  recovering,  and  there  is  anin- 
erea-ed  demand.  According  to  a  determination  come  to  by  the  Admiralty  to  consume 
in  future  Welsh  and  north  country  coals  in  equal  proportions,  a  Government  official  has 
been  down  in  the  North  and  has  examined  the  quality  of  the  coals  at  the  several  collieries, 
and  a  considerable  order  has  been  given  through  him.  Instead,  however,  of  the  Govern- 
ment having  a  list  of  pits  from  which  they  took  their  supplies,  asunder  the  old  system, 
they  deal  in  the  open  market,  and  immediately  with  the'eollicry  owners,  instead  of 
employing  agent-.,  through  whom  they  sent  their  orders.  The  Admiralty  have  given 
Instructions  that  the  bars  of  the  furnace  of  the  steamships  in  the  Royal  Navy  be  altered 
according  to  the  plans  prepared  by  Mr.  T.  W.  Millar,  of  the  Devonport  Dockyard,  which 
it  is  anticipated  will  make  the  consumption  of  north  country  coal  smokeless.  The 
Weardale,  screw  collier,  is  fitted  up  with  Mr.  Millar's  apparatus.  She  consumes  north 
country  steam  coals  exclusively,  with  smokeless  results. 

Tiik  Iron  and  Coal  Trade*  Recicic  refers  to  an  important  change  about  to  occur  in  one 
branch  of  the  iron  business,  from  the  termination  of  the  Bessemer  patents.  The 
principal  part  of  these  patents  expires  next  year,  hut  Mr.  Bessemer,  it  is  said,  has  patented 
10  many  of  the  appliances,  blowing  engines,  valves,  and  combinations  that  he  will 
have  claims  for  royalties  for  several  years  after  the  lapse  of  the  patents  which  are 
absolutely  essential  to  the  process  with  which  his  name  is  identified.  It  is  understood, 
however,  that  after  conferring  with  his  leading  licensees  he  has  signified  his  willingness 
to  reduce  his  royalties  from  their  present  high  rate  of  £2  per  ton  on  everything  (except 
steel  rails,  for  which  a  rebate  of  20s.  per  ton  of  finished  rails  is  allowed)  to  a  charge  of 
I.  per  ton.  This  it  is  added,  will  practically  reduce  the  price  of  ordinary  Bessemer 
steel  Lt  per  ton,  and  rails  about  30s.  per  ton, so  that  the  manufacturers  of  iron  rails  have 
before  them  the  prospect  of  seeing  steel  rails  in  the  market  at  £9  per  ton,  in  the  course 
of  another  year  or  so.  The  margin  between  iron  and  steel  rails  will  then  be  so  small 
that  it  h  easy  to  see  that  a  great  impetus  will  be  given  to  the  steel  rail  trade,  and  should 
Iflcnltj  be  experienced  in  obtaining  the  necessary  supplies  of  pig  iron  suitable  for 
"ion  into  Be  semer  steel,  It  is  hard  to  say  how  far  the  development  of  the  manu 
faeture  of  cheap  steel  will  be  carried. 

APPLIED  CHEMISTRY. 
The  Scientific  tfno.csays— " Professor Silvcstrrinforms  ns  that  some  experiments  he  ' 
has  recently  made,  lead  infallibly  to  the  conclusion  that  hydrogen  and  oxygen  can  com- 
Mne  directly  at  the  ordinary  temperature  of  his  laboratory  In  Catania."      Further  par- 
ticulars are  promised. 

Professor  Toulinsox  has  prepared  a  long  and  interesting  papor  on   the  action  of  ! 
solid  nuclei  in  liberating  vapour  form   boiling  liquids.     The  learned  author  reviews  the 
researches  of  several  other  philosophers,  givesus  the  latest  results  of  his  own  researches 
on  this  subject,  and  arrives  at  the  following  remarkable  conclusion:;,  viz.,  that  a  liquid, 
at  or  near  its  boiling  point,  is  a  supersaturated  solution  of  its  own  vapour.      Next,  that 

i  non  porous  nucleus  cither  is  or  is  not  efficient    in  liberating   vapour,  according  I 
as  it  is  chemically  unclean  or  clean.      Finally,  that   as  porous  bodies  do   not  In 

e,    the   proper    nucleus    for   liberating    vapour    in    the   operations   of  boilini.', 

and  distilling,  and  for  preventing  bumping,  is  charcoal,  coke,  or  some  other] 

body. 


LATEST   PRICES   IN   THE  LONDON  METAL  MARKET. 


COPPER. 

Best  selected,  per  ton    

Tough  cake  and  tile  do 

Sheathing  and  sheets  do 

Bolts  do 

Bottoms  do 

Old  (exchange)  do 

Burra  Burra  do 

\V  ire,  per  lb 

Tubes  do 

BRASS. 

Sheets,  per  lb 

Wire  do 

Tubes  do 

Yellow  metal  sheath  do 

Sheets  do 


£ 

79 

77 

80 

SI 

S3 


From 


SPELTER. 
Foreign  on  the  spot,  per  ton 
Do.  to  arrive  

ZINC. 
In  sheets,  per  ton  

TIN. 

English  blocks,  per  ton '.. 

Do.  bars  (in  barrels)  do 

Do.  refined  do 

Bancado 

Straits  do 


65     10 
SI       0 

0 

0 


130 
131 
J136 


TIN   PLATES.* 
IC.  charcoal,  1st  quality,  per  box 

IX.  do.  1st  quality  do 

IC.  do.  2nd  quality  do 

IX.  do.  2nd  quality  do 

IC.  Coke  do 

IX.  do.  do 

Canada  plates,  per  ton 

Do.  at  works  do 


Accordiko  to  a  German  journal,  an  excellent  permanent  black  ink  mny  be  made  from 
the  common  elder.  The  bra)  .i  berries  are  placed  in  an  earthen  vessel  and  kept  in  a 
warm  place  for  three  <i:iyK,  and  then  pressed  oat  and  filtered.     The  Uttered  Juice  is  of  I 

fOCb  an  intense  colour  that  it  takes  2<hi  parts  of  water  to  reduce  it  to  the  shade  of  dirk 
red  wine.    Add  to  12i  quarts  of  this  tillered  jinee,  one  ounce  of    Qlpbat«  Ol  iron  ami  the 

quantitj  ol  i  rrollgnaoua  add,  and  no  ink  is  prepared  watch,  when  first  used,  has 
tbe  c  ilour  ol  violet,  bal  when  dry  is  indigo  blue  black.     Ihli  ink   is  inperior  In 

Ctl   to  that  prepared    with  trull-.       It    dOM   not    beoome    thiol   so  IOon|    n 
easier  from  the  pen  without  gamming]  and  in  writing  flu-   letter!  do  not   ran  m  oono 
another. 

Eanximoj  of  wkx%t.—(Toggtnioyfft  dnnalen.)    h,  reference  i„  the  w.  ii-e  tabliahed  i 
hat  water,  after  having  been  deprived  ol  alraimoob  aa  possible,  either  dot 

boil  at.  all  when  heated,  or  does  so  with  violent  midden  Marts  and  concosslons, 

.me, its  have  i.een  made  bj  Kremsrs,  wl bssrvsd  that,  In  order  to  aaslat  in  expell- 
ing air  from  water,  tho  addition  of  spirit  of  wme.  Inthe   proportion  of  ono  parte 
latter  to  threool  the  former,  is  very  ii-cful.      lie  si  lata  danger  whl   h 

when  such  a  mixture  Is  heated  too  rapidly,  -. it  leverj  apt  to  boll  o»i 

a  portion  oi  the  iptrii  baa  evaporated,    it  ii  rati  n  i  anooi  ihnt.  though  both  thi 

and  spirit   ol    wme  employed  were  pure,  the  mixture,  when   boiling,  nhould   assume  a 
greenish  yellow  hue,  which  disappears  ngain  on  cooling]   the  boiling  point  of  thi 
easily  becomes  as  high  ns  108°C.  Ass  res  all  of  a  large  number  of  experiments,  thi 
'i.at  wntcr,  as  inlly  deprived  of  air  as  possible  mny  be  betted  n>  high  . 
I '.,  without  boiling  permanently.  ' 


IRON. 
Bars,  Welsh,  in  London,  per  ton    . 

Do.  to  arrive  do 

Nail  rods  do 

Stadbrd  in  London  do 

Bars  do.  do. 

Hoops  do.  do 

Sheets,  single,  do 

Pig  No.  1  in  Wales  do 

Refined  metal  do 

Bars,  common,  do 

Do.  mrch.  Ty ne  or  Tees  do 

Do.  railway,  in  Wales,  do 

Do.  Swedish  in  London  do 

To  arrive  do 

Pig  No.  1  in  Clyde  do 

Do.  f.o.b.  Tyne  or  Tees  do 

Do.  No.  3  and  4  f.o.b.  do 

Railway  chairs  do 

Do.  spikes  do 

Indian  charcoal  pig  in  London  do. 

STEEL. 


Swedish  in  kegs  (rolled),  per  ton. 

Do.  <  hammered)  do 

Do.  in  faggots  do 

English  spring  do 

.~iiNi.it,  per  bottle 

LEAD. 
English  pig,  COmmOIl!  per  ton..., 
Ditto.  LB.  do 

Do.  w.ii.  dd 

i  >o.      lie.  i ,  do 

Do.  red  lead  do 

Do.   white  do 

Do.  ]  in  tent  shut  dn 

spiitiisli   do 


6 

6 
7 
7 
7 
8 
9 
3 
4 
6 
6 
G 
10 
10 
2 

2 
2 
5 
11 
G 


d. 
0 
0 
0 
0 
0 
0 
0 
1  0 
0  11* 


21  12 

21   1 


J138  10 
1 132   0 


8 
14 

7 
13 

5 
11 


9 

8* 

lOi 

7 

6| 

6 

0 


13  10 
12  10 


10 

12 
2 

12 

10 
0 
0 

16 
0 
0 

10 
0 
0 
5 

L8 
9 
6 

10 
0 
0 


78 
82 

si 
70 

0 
0 


26   0   0 


0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
6 
6 
6 
0 
0 
0 

II 
II 

0 
0 
0 
0 
0 
3 
6 
6 
0 
0 

II 


To 


0   0 


12 

6 


Hi 


21   0  0 


10 
1G 

8 
14 

6 
12 


6  15 

6  15 

7  5 

8  10 

9  10 
9  15 

11  0 

4  5 
5 


ii 


i 

15 

0 

10 


10 


:f   0   0 


LC 

;. 

0 

15 

10 

0 

10 

0 

0 

,, 

17 

0 

0 

B8 

(1 

0 

G 

17 

0 

» 

•• 

•• 

L9 

in 

ii 

19 

5 

0 

.. 

., 

.. 

BO 

L6 

0 

•  • 

»♦ 

»» 

to 

5 

" 

II 

.. 

,, 

L'l 

0 

0 

.. 

„ 

,, 

L'7 

u 

0 

0 

" 

82 

M 

0 

L'.'t 

ii 

it 

L8 

17 

n 

19 

<i 

0 

•At  the  works  Is  to  Is.  6d.  per  boi.ess. 
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LIST  OF  APPLICATIONS  FOR  LETTERS 
PATENT. 

WE    HAVE    ADOPTER     A    NEW    ARRANGEMENT    OF 

the  Provisional  protections  applied  for 
by  Inventors  at  the  Great  Seal  Patent 
Office.  If  an?  difficulty  should  arise 
with  referrncr  to  the  names,  addresses, 

OR  TITLES  OIVEN  IN  THE  LIST,  THE  REQUI- 
SITE INFORMATION  WILL  BE  FURNISHED,  FREE 
OF  EXPENSE,  FROM  THE  OFFICE,  BY  ADDRKSSINO 
A     LRTTER,     PREPAID,     TO     THE    EDITOR      OF 

"The  Artizan." 

Dated  March  18th,  1869. 

831  W    T.  Sngff— Gas  burners  ' 

832  A.  B.  Walker— Producing  and  applying  heated 
uir  to  various  purposes 

833  J.  Ritchie— Fly  wheels 

834  J.  Cox— Velocipedes 

Dated  March  19lh,  1869. 

835  E.  A.  Inglefield-Sleering  apparatus  ' 

836  J.  Thomas.  W.  Bacon,  aud  H.  Groves— Manu- 
facture of  iron,  &c. 

837  F    W.  Fox— Locomotive  enlineB 

838  A.  Albini-  Revolving  firearms 

839  C.  G.  Bonehill—  Breech-loading  firearms 
810  J.  Jack— Construction  of  ships,  &c. 

841  E.  T.  Huehes— Scales 

842  S.  Fox  — Permanent  wav  of  railways 

843  A.  V   Newton— Obtaining  motive  power 

844  W.  R.  Like— Overshoes 

845  C.  E.  Brooman— Use  of  petro.eum    and   other 
oils  for  heating- 

846  S.  R.  Wybrouts— Textile  fabrics 


THE  AltTIZAN. 
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Dated  March  20th,  1869. 

847  J.   Hamilton   and  R.  Paterson— Apparatus  for 
*  containing  aerated  heversges 

848  F.  D.  Nuttill— Furnaces 

849  J.  D    Morrison— Heating  buildings,  &c. 

850  H.Whitehousj   and   W.  Probert-Tuyeres  for 
blast  furnaces 

•851  F.  Holmes— Blind  cords 

852  W.  L.  Wrey— Toothed  gearing 

853  J.  V.    Robiuson-Negatives  for    photographic 
printing.  8tc. 

854  F.  E   Duokharo— Governors 

855  J.  Kav— Wind  instruments 

856  H.  E.  Newtoo— Measuring  liquids 

857  H.  E.  Newton— Engi:  es 

Dated  March  22nd,  18)9. 

858  W.  H.  Phillips— Extinguishing  fires 

859  W.  R  Lake— Hay-tedding  machine 

860  J.  Booth— Indexes  cf  books 

861  J.  Loader— Injecting  water 

862  G.  Lauder— Twisfng  tobacco 
£63  T.  Cnrrodus— Sell-coupler 
864  W.  G.Crosiley— Wheels 

S  W.    Cossloy   and  J.    W.   Swithenb.nk-Shut- 
tleH 

866  E.  G.  Reuss    Cutlery 

867  H.  Vansittart-Strew  propellers 

868  J  .  Combe  and  J.  Barbour-Tiansmitting  rotary 
motion.  &c 

Ho  ^S^cet^Tno^n-Mcthod  of  purifying 

gas 

871  M.  Sigler— Looms 

872  J.  J.  Hicks— SiopDers  for  bottles 

873  J.  E.  Emercon — Chairs 
874'G.  T.  BoosBeld— Felt  cloths 
875  A.  Clark—  Mixing  paint 


908  J.H.  Johnson— Iron  and  steel 

909  T    Champion— F.ues 

910  J.  T.  Greenfield— Side  arm 

911  T.  BAer— Fire  escapes 

912  W  C .  Drejer— Tilling  Innd 

913  J.  T.   Calow— Safety   apparatus   applicable  to 
cages  or  hoists 

914  C    Marsden— Pipes  and  tubes 

915  W.  R.  Lake— Pressing  oil,  &c. 

916  W.  Meakiu-  Window  sashes 

917  W.  R.  Lake— Electro-magnetic  machine 

918  T.  Snwden — Bobbins 

919  H.  A.  Bonneville— Electric  clock 

Dated  March  27th,  1869. 

920  A.  C.  Kirk— Cooling  liquids 

921  J.  Macintosh— Wormng  guns  . 

922  H    Downieandl.   B.  Harris-Improvements  it 
shoes  for  horses  _ 

923  W.  B  Gedge— Box  for  holding  matcnes 

924  G.  Dvmond— Baking  powder 
9*5  L  Hnunart— Murile  for  dogs 

926  G.  Hodgson,  H.    Bottomley,  and   E.  Gockrott— 
Looms 

927  J.  J.  Bngshawe— Grinding  Flour 

928  N.  Voice— Greenhouses,  &c. 

929  H.  Haschke-Firearms 

930  D.  Jones— Buckets,  &c. 

931  F.  Parker — Locomotive  engines 

932  J.  Jacquillard— Musical  boxes 

933  li.  J.  S.    Mills— Extracting  oleaginous  matter 
from  vegetable  substances,  &c. 

934  J.  W.  Girdlestone— Constructing  ships 
035  E*   H    Hirch— Storing  meat,  Ac 

936  W.  Riddell  and  T.  Bletcher— Improvements  in 
sewing  machines 

Dated  March  29th,  18C9. 

937  F.  B.Taylor— Numerical  counting   and  record- 
938DG.  Bloem  and   E.  Scheidt— Breech-looding  fire- 

arms,  &c. 

939  W.  R.  Lake— Soda  aud  potash 

940  W    R.  Lake— Blowing  apparatus 

941  W.  II.  Lake— Hnrse  shoe  nails 

942  E.  Moiewood— Coatiug  metals 
913  S.  Firth— Picks  and    railwajs  for  cutting  coal 

aud  other  minerals 

944  A.  Clark— Stereoscopes 

945  W.  P.  Hope— Cement  kilos 


1000  F.  Schafer— Covers  for  vesssls 

1001  J.    Crutteoden    and    T.  Weils  —  Facilitating 
voting  by  ballot 

1002  W.  Y.  Craig  aud  S.  P.  Bidder— Improvements 
in  Bafety  lamps 

1003  D.  Osbnm— Concrete  building 

1004  S.  K.  HoXJie— Boat  elevators 

Dated  April  3rd,  1869. 

1005  G.  H.  Ellis— Cleaning  boots 

1006  M.  Wollskv— Locks  forbags 

1007  R.  Allan— Paper 
1003  D.  Nicoll-Safo  for  food 
1000  E.  W.lson— Velocipedes 
101(1  W.  H.  Do  -gins— Jet  ornaments 

1011  J    Howden— Preventing  escape  of    heat  trom 
surlaces  of  cylinders,  Stc. 

1012  TJ.  S-ntt— Railway  carriages 

1013  W.  E   Broad— Railway  -.vheels 

1014  G.  F.  Griffin— Peimaneut  way  of  railways  and 
Iramwavs 

1015  D.  J'  Hoa-e— Atmospheric  railways 

1016  S.  Shnrrock—  Roofs 

1017  F.  Boyd— Firearms 

1018  F.  W.  H    Medhurst— Lamps 

1019  J.  G.  Toueue— Parasols.  6.C 


Dated  April  JOth  1869.,  % 

1092  H.  W.  Lobb— Velocipede 

1093  S.  F.  Vao  Choate— Firearms 

1094  E.  Brasieraud  J.   E.   Hodgkin— Scutching  or 
cleaning  flax 

1095  W.  Smith— Looms 

1096  H.A.  Bonneville— Sewing  machines 

1007  W.    Ashtun  —  Indicating    the   duty  of  steam 

'.098  "j.  Hynam— Crucibles 

J.  M.  Hetheringtou—  Combing  cotton 
J    B.  Spence— Iron  and  steel 
P   Headridge— Dentistry 

D.  B.  Peebles-Gas  meters 

E.  C.  C.  Stanford—  Gaseous  matters' 
G   Hswnith,  H.    Haughton,  and   R.  Gibbous— 

msumption  of  smoke 
O.  Vivier — Escapements 
J.  H   Johnson — Removing  hair  from  skins 
J.  Parry  and  R.  Morris— Saws 
E.  T.  Hughes — Improved  stitch 
W.  Martin— Ships 
L.  J.  Crossley  aud  R.   Haosou — Improvements 


Dated  March  23rd,  1869. 
S76  J .  Nicol— Envelopes 
SS  g!  SSSZESSS?  purses  to  the  pockets  or 

.*7910ChLolgfield-C,amp.  for  flooring  boards 

880  J.  Maciotosh— Elastic  fillets,  Btc. 

881  L.  A.  Israel-Sulphuric  acid 

882  C   l)e  11,  rgue— Making  holes  in  metal 

883  J.'  Fryer— Rotary  cultivator 

884  J.  H.  J ohuson- Artificial  stone 
APS  f'  Ruilrum — Velocipedes 

886  J  '  Hor.ley-Protecting  nitrcglycerine 

887  F.  De  Bowens— MaUh  splints 

Dated  March  24th,  1869. 

888  M.  F.  Maurv— Heating  railway  carriages 

889  J    B.  Fell— Locomotive  engines,  &c. 

890  R.  W.  Page-Garden  engines 

891  W.  Hturisou— Sunshade  , 

892  C.     McDermott-Fress  for   applying  ccmblned 
eyelets  aud  paper  fasteners 

893  F.  J .  Manceaux-Firearms 
P94  V.  Chemerv— Damping  cloth 

895  J    Nevi'.l-Securing  window  sashes,  &c. 
856  W.  E.  Newton-Woiking  heavy  guns 

897  A.  Clayton  and  J.  Riley— Firearms 

898  T.  Shniespear  and  G.  Illston-lmprovements  in 
^aewing  maclmies^     ^    ^^ }    Metcaif,  and 

W    H    Heuld— Mules  . 

900  F.   Baker-Locking  railway  poiot    and  signal 

oriW    Woodhead— Flooring  cramns 

902  W   J    Cunningham  r.nd  A.  McCarthy-Motive 

ooflTpeyton-Rollers    for  printing  ^upon   textile 
fabrics 

Dated  March  25th,  1869. 
<104  W.  R.  Lake— Folding  paper    1 
<J05  J.J.  Bodmer-lron  anil  steel 

906  F.  Hurd-Excavatingcoal 

907  J.  R.  Baillie— Waggons 


Dated  March  30th,  1869. 

946  G.  T  Bousfield—  Sewing  machines 

947  C.  Weekes— Firewood 

948  J    Bith—Peucil  cases 

949  H.  <i.  Dixon— Velocipedes 

950  \V.  W.  Harris— Velocipedes 

951  A.  Muir— Velocipedes 

952  M.  McLeod— Railways 

953  C.  E.  Brooman— Winding  threads,  tic. 

954  A.  Barclav— Steam  boilers 

955  J    Biiggs  and  J.  Almond— Lo  ma 

956  T     E    Wi  liams-Metbud  of  distilling  hydro- 
carbon oils  .  ,..,_, 

957  W.  F.  Proctor— Sewing  machine  table 

958  F.  Render— Railways 

959  T.  G.  Webb— Melting  furnaces 

960  H.  Y.  1).  Scott-Lime  kilns 

961  W.  E.  Cadmau— Decorating  surfaces 

Dated  March  31st,  1869. 

962  A.  Chambers— Carriages, &c. 

963  B.  Dobson  and  J.   Eastham— Improvements    in 
carding  engines 

964  F.    W.  Follows   and   J.   Bate- Lawn   mowing 
machines  c. 

965  T.  A.  Dilloo— Utilisiog  the  waste  steam  of  loco- 

966"T^*Gre'e,awood   aud   J.  Keats-MBnufacture  of 
boots,  8tc. 

967  A.  F.  Baird— Earth  closets 

968  R    Johnson— Wire  fences  

969  G.  Wells— Separating  copper  and  bismuth  trom 
ores.  Sic  ,      „ 

970  J.  H.  Lloyd-Workiog  tools,  &c. 

971  H    Davey — Hydraulic  machinery 

972  W.  Langer— C^nrs 

973  B  J.  B.  Mills— Envelopes  J 

974  T,  Coibett,  Carts,  &c. 

9)5  B,  H.,and  J.  N.  Craven— Brick  and  tile  press- 
ing machine 

976  J    Livesey— Permanent  way  of  railways 

977  J    A.  and  J.  Hopkinsou-lndicators  . 

978  R.  Jones— Preservation  of  animal  aud  vegetable 
substances 

979  W.  E.  Gedge— Pastening  belts 

980  J    B.  Gridlev— Paper  pulp 

981  T.  Lippiatt—  Engraving 


Dated  April  5th,  1S69. 

1020  G.  A.  Ermen— Firearms,  Sec. 

1021  W.JohiiBon— Compressing  carbonaceous  com- 
biiaiiblesubslaucts 

1022  J.  Woods,  J.  Hampson,  L.  Fish,  and  G.  Fish 
— Looms 

1023  J.  V.  Askham— Anvils 

1024  J.  Fletcher— Fire  bars 

1025  F.  Cornmasi — Motive  power 

1026  W.  G.White—  Iron  safes 

1027  W.Jones  and  T.  Sheffield-Boilers  for  gene, 
rating  steam  .  , 

1028  J.  Winter— Filling  glass  bottles  and  jars  with 
soop,  &C. 

1029  C    Cairns-Heating  by  steam 
1010  J.  W.  Drummond— Looms 

1031  J    Greenslade— Traction  engine? 

1032  J.  Sierriker— Pressing  apparatus 

Dated  April  6th,  1369. 

1033  G.T.  Bousfield— Paper,  &c. 

1034  G.T.  Bousfield— Shafts  of  carnages 

1035  F.  L.  Villepigue— Pierciug  or  boring  holes  in 
rock,  &c. 

1036  A.  Helwig-  Sewing  machiue 

1037  J.  M.  Jolmsou— Lavatories,  &c. 
1036  E.  O'Brien— Beam  balance 

1039  R.  B.  Hooper,  T.  Nicksoo,  and  H.  R.  Nickeon 
—Fastening  wood  sheathing  to  th  e  bottoms  ot  iron 
ships,  &LC. 

1040  A.  V.  Newtoo—  Baking  oven 

1041  A.  K..B.  Granville— Beating  engines 


11)09 
1100 
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1102 
1103 
1104 
C< 
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Dated  April  1st,  1869. ' 

982  J.  C.  Lee-Collecting  excreta  -„,„,„.  -„j 

983  C    Lange-Wiodiug  mechanism  of  watches  ana 

9811'rlI<Carter  and  G.  H.  Edwards-Breech  loading 

985rG 'riulcroft  and  W.  N.  Dack-  Improvements  in 

986tj','Beecfett  and  A    W.  Field-Self  acting  break 

for  railway  carriages 
987  E.  O'Counell-Supulymg   nourishment    to    in- 

968*". 'iL  Rowcliffe— Wire  cloth 

989  C.  D.  Norton-Shoe  heels 

990  T.  Higgius— Hats 

991  J.  Cnpiiu— Umbrellas 

992  W.  Gibson— Cramp  keys 

993  G.  H.  Wilson  and  G.  E.  PulUn-Securing  win- 
dow sashes 

994  W.  Allan— Steam  engines 

5)95  W.  Bayue  uu.l    O.    E.   Macgregoi-Carpenters 
planes 

Dated  April  2nd,  1869. 

996  G.  H.  Smilh-Indicnting   when   eggs,  Sic,  are 
sufficiently  cooked 

997  J.  Bath— Priuting  pre<s 

995  H.A.  Fletcher— Steam  genetotors 
999  W.  Maratou—  Bolts 


Dated  April  7th,  1869. 

1042  W.  Gocdreds— Furnace  doors 

1043  J.  Maeon— Breect  loading  guns 

1044  W.  T.Rickaid— Cements 

1045  R.  Norfolk— Casting  screw  thieads  onthenaves 
of  wheels 

1046  G.  S  Chase— Gas 

1047  E   Collard— Ladies  bus  les 

1048  W.  E.  Gedge-Ventilating  apparatus 

1049  H.  B.  Barlow— Caskets  for  jewels 

1050  W.  R.  Lake— Permanent  way 

1051  J.  anil  J.  Menaies— Shuttles 

1052  J.  H-  Teale— Putting  on  or  tak  uK  off  boots  and 
sh  es 

1053  B.  McEvoy— Improved  frame 
1034  J    RiibbinsaudJ.Allbu.lt— Pumps  for  raising 

liquios 
1055  W.  Powell— Firearms 
i056  W.  H.  Doog'.as-Glove  fasleoers       • 
1057  W.  H    Douglas— Sleeve  link 
1053  G.Ashcrolt— Hydraulic  presses 

1059  W    H.  Baimaiu—  Preparation  of  certain  oxi- 
dising agents,  &c. 

1060  L.  Mood— Utilising  soda  waste 

1061  W.  E.Newion-Steam  generators 

1062  VV.T.  Eley— Cartridge  cases 
10 .3  C.  E.  H.  C.  Healey— Cleaning  firearms 

Dated  April  8tb,  1869. 

1064  J    W.  Warmau-  Reduction    of  the  distances 
apart  of  the  levels  of  the  manual  of  au  orgau,  &c. 

1065  J.  1   Stnssen-Velocipedes 

1066  A.  H.  Braudoo—  JoinlUB  lenther,  S.C. 

1067  H.  Parslow-Appllance  for  designing  certain 

Ui68rA.°S?ewait1and    J.    Wotherspoon  -  Cutting 
metal  tubes 

1069  R.  W.  Munro— Markers  for  whist 

1070  J.  Paltinsin— Utilising  ammonial  sknnmicgs, 

lon°b.  and  G.  Hallos-Purifying  gas 

1072  J.  A.  Chaufourier-Cottou  gin 

1073  A   Fryel — Sugar 

1074  W.  T.  C.  Pr«tt— Signalling  on  railways 


J.  Wadsworth— Lighting  fires 

D    Johnson — Flour 

J.H.  Dales  aod    J.    F.  .Maygrove— Looms  for 

iving  hair  eloth 

A.  M.  Clark— Pens 

Dated  April  12th.  1809.  1 

1115  W.  Crombteholme — Registering     number  of 
persons  entering  vehicles,  Ixc. 

1116  E.  D.  Temple— Railway  signals 

1117  J.  Kirk-Cabs,  &tc. 

1118  S.  fr  Shore— Propelling  railway  carriages 

1119  J    Easton— Drop  drills 

1120  W.  R.  Lake— Improved  railway 

1121  E.  Beaues- Brewing 

1122  A.  d'Azambuji—  Felted  fabrics  J 

Dated  ApnlL  13th,  1869.  1 

1123  H.  Brcwre— Velocipedes 

1124  C.  D.  Abel— Aerial  navigation   i 

1125  S.  Holmsn — Velocipedes, ox. 

1126  T.  F.  Casbiu — Indicators,  6tc. 

1127  T.  B    Burns- Cases  for  firearms      2  • 

1128  W.  Brock— Slide  val-es 

1129  J.  Robert? — Draw  plates 

1130  C.  Tomer— Cowls 

1131  B  J.  B.  Mills— Boots  and  shoes 

1132  R.  E    Marshall  and  C.  Marshall-Distributing 
fumigating  matter 

1133  W.  Gillespie— Furnace  bars 

1134  W   E   Newton — Railroad  rails 

1135  A.  V.Newton— Fan  olower 

1136  J.H.  Johnson—  i_oinpouod  telegraph   wire  or 
ennduetors 

1137  F.  Ei-BKine— Fire  bars 

1138  J    H.Johnson—  Deutal  wash' 

1139  M.Samuelsoii  aud  C.  Eskrett— Combinsd  me- 
tallic envelope,  &c 

1140  J.  Leechmau— Steam  engines 

Dated  April  14th,  1869. 

1141  E.  Dowling—  Pianoforte  actions 

1142  J.  Chandler— Drawing  water 

1141  P.  A.  Blake— Explosive  compound 
1114  A.  H.  Renton— Joining  pipes 
1146  W.  H.   Hacking,  T.    Hacking,  and  J.  Cham- 
tiers— Siring  warps 

1146  G.  Keighlev—  Velocipedes 

1147  J.  McLauchlan— Retorts 

1148  T  AkiDSon  aud  R.  Smith— Indicators 

1149  J.  Whitley  aud  S.  J.  Peet— Moulds,  &c. 

1150  B.  W.  Faiey— Siesra engines 

1151  W.  Wnght— Treating  ores 

115'  J   H   Johnson— Burning  liquid  hydrocarbons  ] 

1153  J.  G.  Jennings-Building  blocks 

1154  T.  While— Notcrackers 

1155  W  Cradwell— Stenm  boilers 

1156  C.T.  Swanston-Euablmg  railway  trucks  t 
be  diawn  hyhorses  . 

1157  A    M   Clark-India  rubber  nipples 

1158  c'e!  Broomau-Buruiug  liquid  hydrocarbons 

1159  C.  E.  Brooman-Motive  power 


1075  G. 

valves 

1076  J.  . 

telegi 

1077  W 

1078  T. 

1079  J.i 

1080  J. 

1081  R. 

1062  R. 

boots 

10S8  J. 

1084  C. 

10S5  C. 

flues, 

11186  W 

Ul-7  V\ 

10S8   A. 

1089  T. 

1090  W 

1091  P. 

Dated  April  9ih,  1869. 
D.    Hughes    and    A.    H.    Sellers— Safety 
Upinall  —Construction  and  protection  of 

nidi  cables  .       , 

.  A    Huutei— Lighting  lomps 
Ciiltnn— Reaping  machines 

A.  Miller— Steam  boilers 

Denis— Cutting  cogs  ot  wood 

Jj.MC.Il?s'nllud, 'if  E.  Bull— Fastenings  fcr 

Deo/fu—Vood  aud  manure 
J    F   Campbell— Hanging  pictures 
Lungiey— Removing    deposit    trom    tub.-s, 

&c. 

W.  Hooper— Vehicles 
'  E   NewtOu— Motive  power 
V.  Newton— Rotary  engines 
H .  Blumires— Indicating  votes 
.  R    Lake— Paper,  &C. 
Jeuseu— Pumps 


Dated  April  15th,  1869.     | 
1169  H.  J.  Worssam— Lifting  casks,  &o. 

1161  G   Black- Drills 

1162  W.  H.  Buck-Velocipedes 

1163  E.  Cooper— Watei  proof  coats 

1164  R.  Heyworth— Wateiclosets 

1165  A    W    C.  Williams-Bottles.  «tc. 

1166  F.J.  Bramwell-Steam  engines 

1167  J.  Viviau— Engines,  &c. 

1168  A.  M.  Clark-Compasses 

!|^WHJJtwim^:«^^n^^choo,desk„ 

tables,  He. 
1171  A.  K.  Rider— Valves 

Dated  Apoil  16th,  18G9. 

f  ^"rar,7dCarEaRP08hl-Ve.sel.  of  war 

F    F    Whitehurst-Mashiug  grain 

It    L»E— Spinning  tobacco 

W   H  Thick-Sawing  machines 

c    H™  ris„n-Veutilating  sewers,  &c. 

<■    T ■    Huusfielil  —  Ilvdrocaibou  oils 

A.  FiCraig-Cuttiug  pasteboard 

wHEJ'N"w;o^I'n=!;'.o?explosive  gases 
,   fees— Velocipede 

DtTEC  APRIL  17th,  1869. 
!,«•,  P.  Bogle,  aud  H.  Kayser-Lift  for  raising,  &e 
list  F   T    Hu»l.es-KiHed  firearms  . 

s-   P    Hoc  lei"  and  E.  Knyser-Regulat.Og   the  do 
1  liver'y  of  tickets  at  railway  stations 

1186  F.  Knewstub-Printiiig 

1187  H    W.  Dee-Bottles 

ii^n'r    Amies Heating  water  .  . 

P-u  J     NY    lots  aod  A.  1-  Maitin-Advertuing 
linn  T.   p.,Ke-lmpioven,e.,ts    applicable    to    rail, 
tramway  pete. 
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MANUFACTURED    BY  MESSR.S  ALLIBON,   NOYES   &   C? 
ROSHERVILLE   IRON   WORKS, 

NORTHFLEET. 

Fig.   2. 
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VERTICAL  ANNULAR   STEAM  BOILER. 

By  Messrs.  Allibon  &  Manure. 

(Illustrated  ly  plate  315). 

Within  a  comparatively  recent  period,  the  principles  upon  which  steam 
"boilers  are  constructed  have  been  considerably  modified,  and  many  received 
■opinions  that  had  almost  become  to  be  regarded  as  axioms  are  now  found 
to  have  been  to  a  certain  extent  erroneous.  Thus  it  was  always  considered 
that  the  surfaces  acted  upon  directly  by  the  heat  of  the  furnace  should  be  so 
formed  that  any  deposit,  even  when  the  water  was  comparatively  still,  could 
not  find  a  lodgement;  and  consequently  nearly  all  the  multifarious  schemes 
that  have  from  time  to  time  been  proposed,  exhibit  some  arrangement  for 
causing  the  deposit  to  settle  below  the  firegrate.  It  may  perhaps  be 
objected  that  the  well-known  elephant  boiler  and  the  common  cylindrical 
boiler  have  no  such  provision,  but  we  do  not  suppose  that  any  engineer  of 
the  present  day  would  adduce  either  of  those  forms  as  examples  of  safety 
or  economy.  At  the  time  when  it  was  considered  that  the  greatest  economy 
was  obtained  by  slow  firing,  and  using  boilers  containing  a  large  body  of 
■water,  it  was,  no  doubt,  necessary  to  construct  the  furnace  of  such  a  form 
that  there  would  be  no  inducement  for  the  deposit  to  settle  over  the 
crown  ;  but  with  a  boiler  containing  only  a  small  quantity  of  water,  and 
with  rapid  combustion  on  the  firegrate,  the  contents  of  the  boiler  near  the 
furnace  are  so  violently  agitated  that  the  deposit  is  mechanically  held  in 
suspension,  and  it  is  only  when  it  arrives  at  a  comparatively  cool  part  of 
the  boiler  that  it  settles.  This  is  strikingly  illustrated  in  that  class  of 
boilers  in  which  water  tubes  run  down  direct  from  the  crown  of  the  furnace 
to  within  a  short  distance  of  the  fire.  At  first  sight  it  would  be  imagined 
that  the  lower  ends  having  no  outlet  would  be  quickly  choked  with  deposit, 
but  experience  has  in  numerous  instances  proved  that  so  far  from  this  being 
the  case,  they  keep  remarkably  clean. 

We  have  been  led  to  the  above  remarks  from  having  recently  inspected 
at  the  Rosherville  Iron  Works,  Northfleet,  a  marine  boiler,  constructed  by 
Messrs.  Allibon.Noyes  and  Co  ,  from  a  design  patented  by  Btessrs,  Allibon  and 
Manbre,  which  appears  to  emtio  jy  many  excellent  qualities,  and  which  is 
illustrated  in  Plate  315.  Fig.  1  is  a  vertical  sectional  elevation  ;  fig.  2  a 
sectional  plan  taken  on  the  line  A.H.  fig.  1  ;  fig.  3  a  front  elevation  then  Log 
mountings,  &c,  and  fig.  \  a  plan  of  the  boiler.  It  will  be  seen  from  these 
illustrations  that  the  body  of  the  boiler  and  the  fire-box  are  constructed 
separately  as  two  distinct  parts.  Tlio  outer  part  consists  of  the  external 
skin  or  shell  of  the  boiler,  and  a  concentric  inner  cylinder  riyettcd  thereto 
near  to  the  bottom ;  a  wrought  iron  ring  being  interposed  to  keep  them  the 
proper  distance  apart.  This  inner  cylinder  is  also  firmly  stayed  to  the  shell 
by  screwed  stays  placed  12in.  apart.  To  the  top  of  this  inner  cylinder  a 
tube  plate  is  rivcttetl  which  is  also  connected  to  a  central  conical  shaped 
vessel  or  pocket;  which  descends  to  within  about  l.lin.  of  the  furnace  bnrs. 
The  fire-box  consists  of  two  rings  forming  an  annul  ir  water  space  round 
the  furnace;  the  inner  ring  being  made  slightly  conical  to  give  a  better 
heating  surface,  and  nt  the  same  time  to  permit  the  steam  to  get  away 
freely.  The  top  of  this  fire-box  is  connected  to  tho  tube  plate  by  means  of 
short,  lap  welded  tapered  tubes  which  are  screwed  at  both  ends,  tho  screw 
in  the  top  plate  being  of  sufficient  size  to  allow  the  tube  to  pass  through. 
Tubes  are  also  fitted  between  the  lower  part  of  the  pocket,  and  tho  annular 
water  space  round  the  fire-box  for  the  purpose  of  permitting  the  circulation 


of  the  water  between  them.  The  products  of  combustion  after  playing 
round  the  central  pocket  pass  up  to  the  top  of  the  fire-box,  when  they  are 
deflected  by  the  upper  tube  plate  and  descend  between  the  outer  plate  of 
the  fire-box,  and  the  inner  cylinder  or  body  of  the  boiler  until  they  arrive 
at  the  bottom,  where  they  pass  into  an  annular  flue  surrounding  the  base 
of  the  boiler,  with  which  an  oblong  flue  or  up-take  communicates  with  the 
chimney. 

Messrs.  Allibon  and  Manbre'  claim  for  the  new  boiler  advantages 
which,  being  realised  in  practice,  must  tend  strongly  to  bring  vortical  boilers 
more  generally  into  favour;  thus, amongst  the  more  important  features  wo 
may  mention  the  ensuring  a  thorough  circulation  of  the  water,  and  the 
rapid  boiling  ofl"  of  large  volumes  of  steam  ;  combined  with  the  thorough 
utilisation  of  the  products  of  combustion,  simplicity  in  the  construction  of 
the  different  parts,  and  great  strength  of  the  whole  as  a  steam  generator. 
It  might  perhaps  be  thought  that  the  lower  portion  of  the  pocket  would  be 
liable  to  an  accumulation  of  deposit,  but  in  practice  such  is  not  the  case; 
the  violent  ebulition,  as  was  pointed  out  in  the  former  part  of  this  article, 
holding  in  mechanical  suspension  all  impurities  until  they  find  a  quieter 
resting  place  in  that  portion  of  the  annular  ring  which  is  below  the  fire- 
grate. As  an  additional  precaution  a  blow  off  pipe  is  placed  in  this  pocket 
as  shown  in  fig.  1,  although  in  practice  it  is  found  to  be  almost  super- 
fluous. 

The  boiler  illustrated  in  Plate  345  is  of  20  horse  power,  the  area  of  lire- 
grate  being  9  square  feet,  and  the  effective  heating  surfaeo  212  square 
feet,  and  the  steam  pressure  at  which  it  is  intended  to  work  GOlbs.  per 
square  inch. 

The  advantages  of  the  vertical,  self  contained  class  of  boilers  in  the  saving 
of  spice,  facility  of  erection  &c.  is  well-known.  A  really  safe  and  efficient 
upright  boiler  is  consequently  a  great  desideratum,  and  so  far  as  wo  can 
judge,  the  boiler  invented  by  Messrs.  Allibon  and  Manbre  possesses  both 
these  qualifications. 

ROADS,  RAILWAYS,  AND  CANALS  IN  INDIA. 
(Illustrated  hij  Plate  34G). 
In  a  pamphlet  on  the  above  subject,  published  by  Messrs.  Spon,  tho 
writer — Mr.  T.  Login — has  made  many  practically  useful  suggestions  in 
connection  therewith,  and  we  intend  from  time  to  time  to  make  extracts 
therefrom,  which  will  be  found  of  great  value  to  the  engineers,  both  young 
and  old,  in  India.  Wo  give,  with  the  present  issue,  a  map  of  the  N".W 
provinces  of  India,  showing  the  railways  completed  and  proje  ted,  as  wel 
as  the  irrigation  canals  from  the  Ganges  and  the  Jumna  rivers.  The  lines 
of  navigable  canals  suggested  by  Mr,  Logiu  are  also  indicated,  and,  as 
there  has  long  been,  and  even  now  is,  great  diversity  of  opinion  ai  to  the 
policy  and  commercial  advantages  of  constructing  canals  in  Northern 
India,  to  enable  our  readers  to  form  a  correct  judgment  on  this  important 
question,  we  have  added  the  levels  above  the  sea  of  tho  surface  of  water- 
way of  the  Ganges,  and  the  surface  of  the  country  along  the  lis F  the 

Ganges  Canal,  about  which  we  hIiuII  very  shortly  have  something  to  By,  as 
enormous  suras  of  money  are  about  to  be  raised  for  the  construction  of 
public  works  in  India;  how  important  it  is  that  the  money  should  not  bo 
squandered  or  blundered  away,  tbose  who  v.iii  i  ividail  imi>t  bo 

made  to  fully  understand.  Mr.  Login  writing  upon  roads,  their  constitution 
and  maintenance,   state-.: — "Portions  of    the  Grand    Trunk    Road  are 

now  actually   costing  moro  to  keep  in   repair  than  a  line  of  railway  ;  the 
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latter  being  about  100  rupees  a  month  a  mile,  while  portions  of  the  Grand 
Trunk  Road  are  costing  upwards  of  120  rupees  a  month  a  mile.  With 
such  an  enormous  expenditure,  therefore,  increasing  year  after  year,  a 
time  must  soon  be  reached  when  all  the  available  money  will  be  swal- 
lowed up  in  repairs,  unless  more  funds  be  supplied  by  local  taxation,  or 
some  other  means  be  devised  for  facilitating  the  traffic,  which  is  daily 
increasing.* 

The  only  way,  therefore,  that  appears  to  meet  the  difficulty  is  to  have 
navigable  canals.  The  chief  cost  of  these  works  will  be  the  first  outlay; 
but  after  that,  the  maintenance  will  be,  comparatively  speaking,  little 
beyond  the  loss  of  a  little  water  by  evaporation  and  absorption  ;  but  as  the 
velocity  will  be  slight,  the  bed  can  be  puddled,  and  thus  the  leakage  reduced 
to  a  minimum. 

Supposing  that  the  loss  of  water  by  absorption  and  evaporation,  including 
lockage  at  the  lower  extremity  of  a  canal,  is  in  all  ljf6:  a  second  per  mile, 
aud  that  it  will  require  500  miles  of  navigable  canal  to  connect  Roorkee, 
Saharimpore,  Kurnal  and  Delhi  with  Allahabad.  Also  that  100  yards 
average  breadth  of  land  is  required  for  the  canals,  and  that  an  acre  of  land 
is  worth  Rs.  40,  while  a  cubic  foot  of  water  per  second  is  worth  Rs.  400 
a  year. 

We  have  500    x    1|    *    400   =   Rs.  300,000,  and  one  square  mile  of 

land  required   for  every  17'6  miles  of  canal  or  — ■  =  28  square  miles. 

17'b 


Then 


28  x  640  acres  x  40  rupees 


=  Rs.  36,360 ;  or,  in  rough  numbers,  the 

the 


20  years'  purchase, 
expenditure  of  land  and  water  would  equal  Rs.  350,000;  about 
present  expenditure  on  two  divisions  of  the  Grand  Trunk  Road,  indepen- 
dent of  the  expenditure  from  the  local  funds  on  the  maintenance  of  roads. 
Now,  if  the  navigable  canals  would  relieve  the  roads  of  one  half  of  the 
traffic,  it  appears  that  were  water  communication  adopted,  the  saving  of 
wear  on  the  Imperial  roads  alone  would  almost  cover  the  compensation  for 
land  and  loss  of  water.  Therefore,  if  Government  gave  the  land  and  the  water 
for  nothing  to  a  private  company,  with  the  present  traffic,  Government 
would  be  no  loser. 

These  canals  should  run  through  the  centres  of  the  chief  cities,  and  the 
full  100  yards  in  width  should  be  taken  up,  the  Company  paying  the  com- 
pensation for  all  buildings,  &c.  This,  though  a  great  outlay  at  first,  would 
ultimately  pay  well ;  for  supposing  100ft.  to  be  required  for  the  canal, 
lOOfc.  for  road,  50ft.  broad  on  either  side,  there  would  still  remain  100ft. 
also  for  building  sites,  the  rents  for  which  would  fully  pay  for  the  com- 
pensation. 

The  surface  level  of  the  water  should  be  at  least  1ft.  above  the  roads,  so 
that  there  could  be  no  drainage  into  the  canal,  thus  there  would  be  always 
a  flow  of  clean  water  through  our  chief  cities.  With  an  open  space 
200ft.  wide  through  every  town,  a  flow  of  clean  water,  with  the  mer- 
chandize brought  up  to  the  door  of  every  shopkeeper,  not  to  speak  of  the 
water  power  available  at  every  lock,  it  is  difficult  to  imagine  how  much 
the  country  would  be  benefited,  without  putting  Government  to  any 
extra  expense,  while  the  projectors  of  such  works  would  find  it  highly 
remunerative. 

Judging  from  Major  Croiton's  estimates,  the  probable  cost  per  mile  for 
a  50ft.  broad  navigable  canal  should  not  exceed  Rs.  20,000 
To  this  add  compensation,  management,  &c,  10,000 

Total,  30,000 
or  500  miles  of  navigable  canals  may  be  constructed  through  the  richest 
portion  of  India  to  connect  its  chief  cities,  at  a  cost  of  not  more  than  one 
and  a  half  million  pounds  sterling. 


*  In  addition  to  this  annual  outlay  of  nearly  £150  a-year  per  mile  on  Maintenance, 
there  is  the  share  of  Superintending,  Chief  Engineer  and  Controller  of  Account's 
Offices;  again  there  are  police  along  the  line,  which,  charging  all  that  is  debitable  to 
them,  altogether  cost  £40  more  per  mile.  From  this  sum  £15  may  be  deducted,  for 
those  on  duty  not  connected  with  the  road.  Therefore,  the  maintenance  in  all  costs  little 
under  two  thousand  rupees  per  mile  yearly,  or  two  hundred  pounds  sterling,  without  any 
returns  in  the  shape  of  tolls;  while  the  outlay  by  the  Commissariat  at  Umballah  for  the 
transport  of  beer  and  tea  alone  from  Delhi  costs  £5,000  a-year  or  upwards  of  £10  a  mile 
more. 


Taking  the  average  slope  of  the  Doab  at  Viva,  in  the  mile,  and  that  of 
the  canal  only  6in.,  llin.  have  to  be  got  over  by  locks  in  every  mile,  or  in 
all  say  450ft.  and  taking  the  discharge  at  250  cubic  feet  a  second  passing, 
through  these  locks,  we  have  (see  Beardmore's  Hydraulics)  water  power 
per  foot  of  fall,  as  follows  :  — 


Horse  power. 

9-9  x  450  =  4,455. 

15-6  x  450  =  7,020. 

21-3  x  450  =  9,585. 


Undershot  whesl  

Breast    ... 

Turbine 

Or  an  average  of  7,020  horse-power. 

Supposing  only  one-half  of  the  power  be  made  use  of,  we  have  distributed 
over  the  country  3,500  horse-power,  available  for  sugar,  oil  and  grain  mills, 
&c,  &c. ;  and  taking  each  horse-power  at  the  low  rate  of  8  annas  in  the 
24  hours,  we  have  at  once  a  return  of  4  per  cent,  on  the  total  outlay  from 
this  source  alone,  independent  of  navigation.  Now,  as  it  is  found  that  it 
is  better  to  run  the  risk  of  rafting  down  sal  timber  from  the  forests  at  the 
foot  of  the  hills  on  the  left  bank  of  the  Ganges  to  Cawnpore,  and  then  to 
pull  it  up  against  the  stream  of  the  Ganges  Canal  to  near  Meerut,  than 
to  cart  it  by  the  direct  road,  some  slight  idea  may  be  formed,  without 
going  into  figures,  of  the  difference  of  cost  between  land  and  water 
transport.* 

Return  showing  cost  of  Transport  of  100  Maunds  weight  of  Goods  one  mile 


Mode  of  Transport, 


Ocean  long  voyages    

American  lakes    

Hudson  river   

Erie  canals 

Ordinary  canals  

Coal  railways  

Favourable  passenger  lines  ... 

Passenger  lines,  steep  gradients 

East  India  Railway,  lowest  rate 

Country  carts,  over  metalled 
roads 

„  „        country  road 

Indian  Carrying  Company  over 
the  Grand  Trunk  Road 

Probable    rate    by    Navigable 
Canals  in  Upper  India   


Rate. 

Probable 

distance 

travelled 

daily. 

ES. 

A. 

p. 

Miles. 

0 

0 

2-20 

150 

0 

0 

4-76 

0 

0 

4-00 

0 

0 

635 

0 

0 

8-00 

0 

0 

11-00 

80 

0 

1 

8-00 

150 

0 

2 

8-25 

150 

0 

2 

1-00 

150 

0 

4 

0 

12 

0 

5 

4-00 

12 

0 

6 

11-00 

33i 

0 

1 

0 

12 

REMABKS.f 


1  md.  =  80lbs. 


Obtained  from 

report  of   State 

)•  Engineer         of 

New   York   for 

1853. 


Indian  rates 
of  transport  for 
grains  and  the 
cheapest  de- 
scription of 
goods. 


*  The  charge  for  the  conveyance  of  goods  by  the  Inland  Transit  Company  along  the 
Grand  Trunk  Road,  for  a  distance  of  less  than  80  miles,  is  greater  than  the  freight  from 
London  to  Calcutta. 

t  Since  the  above  table  was  prepared,  by  Notification  No.  4,570,  of  22nd 
October,  1866,  published  in  Punjaub  Government  Gazette,  No.  44,  of  1st 
November,  1866,  the  hire  of  bullock  carts  has  been  considerably  increased,  and 
the  loads  reduced  as  calculated  in  the  above  table,  raising  the  rates  to  Rs.  0-11-8- 
per  100  maunds  per  mile,  over  metalled  roads ;  and  Rs.  0-14-7  per  100  maunds, 
over  country  roads,  where  the  marches  equal  on  average  12  miles. 

The  rates  are  7  annas  a  day  for  one  bullock,  and  the  load  on  metalled  roads  is 
only  5  maunds  per  bullock,  and  4  maunds  on  country  roads,  from  which  we 

obtain  as  follows  : — Over  metalled  roads,  one  bullock's  load  is—  or  ~    of  300 

100       20 

maunds,  or  the  carriage  would  be  for  12  miles  7  annas  x  20  =  140,  and  ^0-  = 

12 
Rs.  0-11-8  per  100  maunds  a  mile ;  and  over  country  roads,  one  bullock's  load  is 

100  ^^B  f°r  12  mileS'  and  7  *  25  =  175  annas'  and  Th  =  Ks-  0-14-7  per  100 
maunds  a  mile.  Where  there  is  steady  employment  and  the  distances  are  long 
the  rate,  though  no  doubt  increased  since  the  late  order,  may  still  be  taken  on  an 
average  at  half  the  above,  or  Rs.  0-5-10  on  metalled  roads,  and  Rs.  0-7-3^  over 
country  roads.  (See  rates  for  carriage  of  kunkur  on  the  7th  Division,  G.  T.  Road 
published  in  Supplement  of  Punjaub  Government  Gazette,  dated  7th  March 
1867). 
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The  probable  rate  of  interest  to  be  charged  on  goods  would  be  one 
anna  per  100  rupees  daily,  or  22£  per  cent,  nearly  (22-8  per  cent.) 
Therefore  the  cost  of  transport  of  100  maunds  of  grain,  -worth  100  rupees 
at  prime  cost,  conveyed  by  canals  a  distance  of  300  miles,  would  be — 

B.      A.      P. 


100 
Cost  of  carriage  of  100  maunds  —    

Time  of  transport,  25  days  at  Rs.  0-1-0  . 


Total 

or  nearly  20  per  cent,  on  prime  cost. 

Should  the  rate  be  reduced  to  8  pie  a  mile 

300  x  8 


18  12    0 

19    0 

20    5    0 


The  cost  of  carriage  of  100  mds.  — 


12  x  16 


Time  of  transport,  25  days,  at  Es.  0-1-0 


12 

1 


Total., 
or  only  14  per  cent,  on  prime  cost. 

By  the  lowest  rate  of  railway  charges, 

The  cost  would  be  300,  at  Rs.  0-2-1  

Add  time  of  transport,  2  days 


14    1     0 


39 
0 


Total, 
or  39  per  cent,  on  prime  cost. 
By  country  carts,  on  metalled  roads, 

The  cost  would  be  300,  at  Rs.  0-4-0    

Add  time  of  transport,  25  days 


39    3    0 


75 
1 


Total... 
or  76-72  per  cent,  on  prime  cost. 

By  country  carts,  on  unmetalled  roads, 

The  cost  would  be  300,  at  Rs.  0-5-4    

Add  time  of  transport,  25  days 


76    9    0 


100 

1 


Total 101     9    0 

or  over  cent,  per  cent,  on  prime  cost,  with  no  allowance  made  for  back  hire> 
By  bullock  train  over  the  Grand  Trunk  Road, 

The  cost  would  be  300,  at  Rs.  0-6-11 =  114    3    6 

Add  time  for  transport,  9  days,  at  Rs.  0-1-0     ...  =      0    9    0 


114  12    6 
or  nearly  115  per  cent,  over  prime  cost  for  the  cheapest  class  of   goods,  and 
100  per  cent,  over  the  lowest  rate  by  canals. 

Comparing  the  cost  by  railway  and  by  canal,  if  the  rate  is  one  anna  a 
mile,  it  is  only  one-half  the  railway  rate  nearly,  and  about  one-third  tho 
railway  rate  if  the  chargos  bo  only  8  pio.  Thereforo,  till  the  interest  on 
tho  capital  of  prime  cost  makes  up  the  difference  owing  to  tho  loss  of  time 
by  tho  canal,  water  transport  would  bo  proferrod  to  railway  carriago.  That 
ia,  no  goods  would  bo  sent  by  railway  under  ordinary  circumstances  that 
cost  less  than  14  rupeos  a  maund,  or  £39  4s.  per  ton,  for 

B.     a.     p. 

100  maunds  transported  300  miles,  @  Rs.  0-1-0    =     18  12    0 

Interest  on  100  maunds,  fy  Rs.  14  for  25  days,  @  Rs.  0-1-0 

percent =     2114    0 


40  in 

And  100  maunds  for  300  miles,  @  Rs.  0-2-1 =     39    1 

Interest  on  100  mannds,  @  lis.  14  for  2  days,  ©  Ks.  0-1-0 

per  cent =       1  12 


0 


40  13    0 
Again — Supposo  ono  Europoan  soldior  costs   tho   state   £100   a  yoar    or 
Rs.  2-1 1-10  daily,  and  that  ho  can  bo  convoyed  by  rail  1,000  mile*  forRs.  16 
in  throo  days,  tho  cost  to  Govornmont  would  bo — 

EU.  2-11-10  x  3 =      8    3    i; 

Ad  I  railway  charge  =    18    0    0 


Total  21    3    6 

To  march  1,000  miles  at  tho  rato  of  12  miloa  a  day,  without  halts,  would 
occupy  S3  days,  and  Rs.  l'  I  1  LO  •  88  EU.  227  6  1  ;  01  by  a.  quick  rail- 
way ho  can  bo  carried  at  nearly  ono-tonth  tho  coBt  to  Gorerament  than  if 
ho  had  to  march,  and  hi*  services  are  availn  soonor.    Tho  nntuntl 

con -lusiin  to  bo  arrivod  at  tlionl  i    l"tli    quick    railways  anil  slow 

navigablo  canals,  aro  required  for  tho  protection  and  dovolopinont  of  India. 
(To  be  continued.) 


SEA-GOIXG  TURRET  SHIPS. 

By  Admiral  Paris,   C.B. 

(Concluded  from  p.  99.) 

In  the  following  tables  will  be  found  all  that  is  necessary  to  form  a  general 
idea  of  the  vessels  when  supplemented  by  the  various  figures  shown  in  the 
Plate  (343). 

Dimensions  and  results  of  Calculations  for  the  TJiree  Designs. 


Length  of  vessel  at  water  line 

Breadth  (outside)    

Proportion  of  breadth  of  length 

Breadth  of  "  inner  vessel  "   

Proportion  of  inside  to  outside  breadths    

Outside  diameter  of  turrets 

Draught  (estimated)  

Do.        with  extra  amount  of  coal 

Displacement  in  tons 

Midship  section  in  square  metres 

Area  at  water  line        do.  

Displacement  for  1  centimetre 

Distance  of  centre  of  carene  to  water  line 

Do.  do.  from  bottom  of  vessel 
Height  (above  water  line)  of  metacentre  

Do.  do.  upper  deck    

Do.  do.  top  of  gunwale 

Do.  do.  port  sill  of  battery 

Do.  do.  in  turrets 

Do.  do-  watch  deck  

Do.  do.  nettings    

Do.  do.  top  of  turrets 


Design 
No.  1. 

Design 
No.  2. 

93-6m. 

88-30  m. 

22 

18 

1  to  4-25 

1  to  4-64 

13'80m. 

960m. 

1  to  1-594 

1  to  1-968 

8-50m. 

Sin. 

6-75 

5-75 

7-20 

610 

8,368 

6,129 

126 

92 

1,552 

1,264 

15-88  tons 

12-96  tons 

2'875m. 

2-470m. 

3-875 

3-280 

3-00 

2-80 

530 

37 

6-9 

5-80 

300 

o-io 

4-60 

7-70 

5-50 

9-30 

6-50 

7-90 

6-90 

Design 
No.  3. 


68-o0m. 
15-50 
1  to  4-3 

9m. 

1  to  1-72 

fm. 

5 

5 

3,202 

66 

800-73 

8'20  tons. 

210m. 

290 

205 

310 

460 

•0 

•80 

•10 

590 


Particulars  of  Armour  mating. 


VERTICAI,    PLATING. 


Thickness  of  plating  

Length  of  do.  (both  sides) 

Height  of  do.  above  water  level   

Do.  below        do.         

Total  width  

Area  of  do 

Ratio  of  area  above  and  below  water  line   

Total  freight 

Number  of  turrets  

Length  of  central  battery 

Height  of  do 

Area  of  do 

Thickness  of  plates  of  do 

Weight  of  do 

Total  area  of  tonal  i  

Weigh!  "I  lower  ring  liu.  high  nml  platM  •lin 
thick 

bl  of  upper  part,  46iri.  thick  

Tol  'i  ir< >  lii  oi  torn  M 

Area  of  vortical  surface  of  wheel  holme  


Hi   . 


I><    [-n 
.No.  I. 


0-20in. 
198 
100 
170 
8-70 
684 

i  to  !■: 

833  tons 

a 

B7m. 

339  m |.  in 

0'20 
627  ton 

l.v.i  iq.  in 

i-ji  toni 
107 


Di  ifro 


0'20m, 
L88-0fl 

080 

1-7.-. 

.'.'.:, 

1  to  208 

•J 
89m. 
8-80 

!»1     M|.   III. 

I  >■•_'/■> 
176  toni 

IC1  »q.  111. 


Ilcsign 
Xu.  3. 


0-loin. 

Ill 

150 
2*10 

1  to  26 

1 

is. Mini. 

78  ton- 

166 

0    ,.  ii.. 


124, 


THE  AETIZAN. 


[Junk  1,  1869. 


VERTICAL  PLATING—  {contd.). 


Weight  of  do 

Total  of  vertical  surfaces   

Weight  of  do.  of  "2m.  thick 

True  weight  of  do.  as  adopted  

HORIZONTAL  PLATING. 

Thickness  of  plating  on  outer  deck 

Area  of  do , 

Weight  of  do.  (\  thickness  of  vertical  plates) 

Thickness  of  plating  on  inner  deck  and  hatch- 
ways   

Area  of  do.  (deducting  turrets) 

Weight  of  do.  {\  thickness  of  vertical  plates)... 

Total  horizontal  surface 

Total  wght.  of  do.  at  their  respective  thicknesses 

Total  weight  of  plating  of  vessel 

RATIOS,  &c. 

Nominal  horse-power  of  engines  

do.  per  sq.  metre  of  midship  section    ... 

Number  of  guns  capable  of  firing  on  one  side 

Area  of  plated  surface  for  one  gun 

Weight  do.  do.  

Displacement  of  vessel       do.  

Nominal  horse-power        do.  

Number  of  guns  (protected),  capable  of  firing 
in  line  with  keel  forward  

Do.  do.  aft 

ESTIMATED  WEIGHTS. 

Hull  complete , 

Backing  of  armour  plates 

Total  (hull  and  backing)    

Armour  plate,  bolts,  &c 

Masts,  rigging,  and  fittings 

Ship's  company  and  stores 

Guns  and  ammunition  

Engines  and  boilers  in  working  order     

Coal  

Total 


24  tons 
1037  sq.m 
1687  tons 

1724 


0-05m 
476  sq.  m. 
185  tons 

0'04m. 
617  sq.  m 
192  tons 
1093  sq.m 
377  tons 
2101  tons 


Design 
No.l. 


8-7  tons 

716  sq.  m. 

1116  tons 

1223 


8330 


Design 
NOT  2. 


3  tons 
439  sq.  in. 

592  tons 


0'05 

512  sq.  m. 

199  tons 

0-04m. 
745  sq.  m 

232  tons 
1257  sq.m. 

431  tons 
1654  tons 


0'04m. 
267  sq.m. 

83  tons 

0-03m. 

431  sq.  m. 

101  tons 

184  tons 
776  tons 


1200 

900 

400 

9-52 

9-67 

5-42 

7 

4 

2 

182 

246 

299 

300 

410 

388 

1166 

1446 

1601 

171 

222 

200 

2 

2 

2 

2 

2 

2 

2620 

1750 

980 

680 

530 

250 

3300 

2280 

1230 

2160 

1660 

870 

380 

250 

118 

170 

100 

60 

420 

210 

120 

1100 

800 

400 

800 

800 

280 

6100 


Design 
No.  3. 


5078 


These  last  estimates  of  weights  have  been  calculated  by  the  naval  archi- 
tect of  the  dockyard  of  the  Forges  et  Chantiers  do  la  Mediterranean,  near 
Toulon,  who  is  the  -well-known  builder  of  the  Numancia,  Maria  Pia,  San 
Martino,  Brazil,  &c.  The  Numancia,  which  was  built  for  the  Spanish 
Government,  was  the  first  iron-clad  which  made  a  voyage  round  the  world, 
and  her  performance  at  sea  has  been  highly  praised  by  all  on  board. 
Allowing  for  the  experience  gained  since  that  time,  the  calculatious  of  such 
a  thoroughly  practical  shipbuilder,  may  be  confidently  relied  upon  ;  he  also 
estimates  the  speed  of  the  designs,  No.  1  and  2,  at  14J  knots,  and  that  of 
No.  3  at  12£  knots.  According  to  the  schedule  of  prices  adopted  by  the 
Forges  et  Chantier  de  la  Mediterranean,  viz.,  1-38  francs  per  kilogramme 
for  vessel  and  furniture,  the  cost  of  No.  1  design  would  be  8,060,000 francs; 
that  of  design  No.  2,  5,782,000  francs,  and  that  of  the  third  design 
3,060,000  francs  ;  and  calculating  for  the  engines  a  sum  of  1,360  francs  per 
nominal  F.P.,  the  cost  would  be  1,500,000,  1,088,000,  and  540,000  francs 
respectively. 


PATENT  LAW. 
The  Bovill  Litigation. 
(Continued  from  page  106.) 

When  the  case  came  before  the  full  Court  of  Queen's  Bench,  it  was  ela- 
borately argued  upon  the  points  reserved  at  the  trial,  and  upon  the  ground 
that  the  verdict  was  against  the  evidence.  As  stated  in  the  Law  Reports, 
one  of  the  points  insisted  upon  for  the  defendants  seems  an  odd  one.  It 
was  that  if  the  specification  intended  to  claim  the  use  of  the  combination 
of  the  blast  and  exhaust  only  when  worked  with  a  fixed  top-stone,  then 
there  had  been  no  infringement ;  but  if  it  intended  to  claim  the  use  of 
that  combination  whether  the  top-stone  was  fixed  or  running,  the  patent 
was  invalid,  as  such  a  claim  was  too  wide,  since  some  sorts  of  blast,  when 
worked  in  combination  with  some  kinds  of  exhaust,  might  not  be  advan- 
tageous, and  yet  every  sort  of  combination  was  claimed  as  patented. 

We  give  the  judgment  verbatim  : — 

"Lord  Campbell,  C.J. :  We  are  of  opinion  that  the  objections  to  the 
validity  of  this  patent  cannot  be  supported.  The  whole  of  the  plaintiff's 
process,  if  the  combination  be  new,  is  certainly  the  subject  of  a  patent ;: 
and  so  would  the  parts,  No.  2,  if  taken  separately,  for  '  exhausting  the  air 
from  the  cases  of  mill-stones,  combined  with  the  application  of  a  blast  to 
the  grinding  surfaces/  as  they  introduce  very  important  '  improvements  in 
manufacturing  wheat  and  other  grain  into  meal  and  flour.'  The  combina- 
tion of  the  exhaust  with  the  blast,  so  as  to  carry  off  the  warm  dusty  air 
blown  through  between  the  stones  to  a  chamber  above,  while  the  pure  flour, 
in  a  dry  condition,  without  the  stive  descends  into  a  chamber  below,  added 
to  the  quantity  and  improved  the  quality  of  the  flour  produced  in  grind- 
ing ;  and  its  effect  was  highly  favourable  to  the  health  and  comfort  of  the 
men  employed  in  the  operation. 

"  Still,  if  the  specification  does  not  point  out  the  mode  by  which  this 
part  of  the  process  (No.  2)  is  to  be  conducted,  so  as  to  accomplish  the- 
object  in  view,  it  would  be  the  statement  of  a  principle  only,  and  the- 
patent  would  be  invalid.  But  we  are  of  opinion  that  the  specification,  on 
the  face  of  it,  cannot  (as  contended)  be  pronounced,  in  point  of  law,  to  be- 
bad  in  this  respect ;  and  we  are  of  opinion  that  the  evidence  adduced  at 
the  trial  shows  it  to  be  quite  sufficient.  The  specification  says:  '  In  carry- 
ing out  the  second  part  of  my  invention  when  working  mill-stones  with  a 
blast  of  air,  I  introduced  a  pipe  to  the  mill-stone  case  from  a  fan  or  other 
exhausting  machine,  so  as  to  carry  off  all  the  warm  dusty  air  blown  through 
between  the  stones  to  a  chamber,  as  hereafter  described.'  '  And  this  part 
of  my  invention  relates  only  to  sucking  away  the  plenum  of  dusty  air 
forced  through  the  stones,  and  not  to  employing  a  sufficient  exhausting 
power  to  induce  a  current  of  air  between  the  mill-stones  without  a  blast.' 
The  exhaust  produced  by  the  pipe  and  fan  is  to  be  proportioned  to  the 
plenum  caused  by  the  blast,  taking  care  not  to  produce  the  inconvenient 
current  of  air,  against  which  a  caution  is  given.  How  can  a  Judge  take 
upon  himself  to  say  that  this  may  not  be  enough  to  enable  a  workman  of 
competent  skill  to  construct  the  machinery  ?  According  to  the  evidence, 
the  specification  was  abundantly  sufficient  for  this  purpose ;  and  therefore 
it  could  be  no  more  necessary  in  the  specification  to  explain  the  details,  by 
which  the  pipe  and  fan  were  to  be  employed  to  create  and  to  regulate  the 
exhaust  than  to  describe  how  the  mill-stone  case  or  the  stones  themselves 
were  +o  be  fashioned.  The  learned  counsel  for  the  defendants,  after  being 
familiarly  acquainted  with  the  manner  in  which  this  part  of  the  process  is 
conducted,  being  asked  to  suggest  the  fit  language  to  be  employed  to 
instruct  the  workman  how  to  adjust  the  exhaust  so  as  properly  to  suck 
away  the  plenum,  that  the  stive  may  be  discharged  into  the  chamber 
above,  were  unable  to  devise  any  improvement  upon  the  specification. 

"  Therefore,  the  plaintiff  being  now  allowed  to  be  the  inventor,  the  jury 
being  in  our  opinion  fully  justified  in  finding  that  the  process  had  not  been 
publicly  practised  at  Glasgow  before  the  date  of  the  patent,  and  the  speci- 
fication being  sufficient,  the  patent  is  valid ;  and  we  have  only  to  consider 
whether  there  has  been  an  actionable  infringement  of  it  by  the  defendants 
using  the  exhaust  and  the  blast  in  the  manner  described  (No.  2),  in  a  mill 
in  which  the  upper  stone  rotated  and  the  nether  stone  was  fixed. 

"  The  plaintiff  contends  that  his  patent,  as  explained  by  the  specification,, 
was  originally  for  four  separate  and  independent  inventions,  and  that  No. 
2  in  the  amended  specification  must  be  considered  a  separate  and  inde- 
pendent invention,  as  if  the  patent  had  been  granted  for  this  alone.  The 
defendants  contend,  on  the  contrary,  that  the  patent  was  granted  for  one 
process  compiising  several  successive  and  connected  parts,  the  use  of  fixed 
upper  millstones  being  one  of  them.  We  do  not  think  it  necessary  to  try 
to  reconcile  the  different  parts  of  the  specification  (which  are  sometimes 
conflicting),  or  to  give  any  positive  opinion  upon  this  question ;  for,  sup- 
posing the  patent  to  be  for  a  combination,  consisting  of  several  parts  for 
one  process,  we  are  of  opinion  that  the  defendants  are  liable  in  this  action 
for  having  used  a  material  part  of  the  process  which  was  new  for  the  same 
purpose  as  that  mentioned  in  the  specification,  although  they  did  not  at 
the  same  time  use  all  the  parts  of  the  process  as  specified.  The  defen- 
dants admit  that  they  used  the  parts  of  the  process  No.  2,  as  described  in 
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the  amended  specification ;  and  they  rest  their  defence  upon  the  fact  that 
thev  did  so  only  in  a  mill  with  a  rotating  npper  mill-stone.  But  if  the 
fixed  upper  mill-stone  were  clearly  described  by  the  plaintiff,  in  the  state- 
ment and  diagram  to  be  foand  in  his  specification,  as  part  of  the  combina- 
tion for  which  he  took  out  his  patent,  as  No.  2  is  a  material  part  of  the 
combination,  aDd  was  new,  we  are  of  opinion  that  they  cannot  lawfully  use 
No.  2  for  the  same  purpose,  by  substituting  a  rotating  upper  mill-stone  for 
a  fixed  upper  millstone,  or  by  resorting  to  any  other  equivalent  for  any 
other  separate  part  of  the  process  specified.  This  case  seems  to  us  governed 
by  Lister  v.  Leather,  and  the  authorities  which  in  that  case  we  fully  com- 
mented upon,  and,  therefore,  that  there  ought  to  be  judgment  for  the 
plaintiff." 

This  judgment  must  excite  amusement  and  perplexity  when  attentively 
considered.  It  presents  the  Lord  Chief  Justice  of  England  and  his  grave 
and  reverend  colleagues  disposing  of  the  merits  of  the  case  at  a  time  when 
they  had  not  satisfied  themselves  of  the  meaning  of  the  document  upon 
which  those  merits  depend.  Before  determining  the  construction  of  the 
specification,  they  decided  that  it  was  not  open  to  the  objections  urged 
against  it,  and  'that  the  patent  was  valid.  Their  patience  in  having  a 
second  argument  of  the  question,  whether  there  could  be  an  infringement 
in  a  mill  where  the  top-stone  was  a  runner,  was,  in  a  certain  sense,  admi- 
rable. We  venture  to  say  that  no  engineer  ever  entertained  any  doubt 
that  the  specification  did  not  intend  to  confine  the  second  claim  to  be  used 
only  with  a  fixed  top-stoue;  and  that  if  the  question  had  been  before  a 
properly  constituted  tribunal  for  patent  causes,  the  previous  point  would 
have  been  first  settled.  What  was  the  reason  why  the  limitations  to  be 
found  in  the  specification  were  introduced?  Were  they  to  indicate  the 
most  advantageous  or  the  only  modes  of  working  the  improvements 
invented  ?  or  were  they  mere  alterations  of  detail  to  enable  the  patentee 
to  claim  old  improvements  under  new  circumstances  i  This  was  the  pre- 
vious point;  and  when  it  was  settled,  there  could  have  been  no  difficulty 
in  answering  the  question,  whether  the  invention  had  been  used  or  the 
patent  infringed.  The  case  ended  in  a  mere  jumble  of  words.  If  it  was 
ever  argued  that  all  the  claims  of  the  specification  contained  one  entire 
combination,  it  could  surely  never  have  been  attempted  to  realise  what 
that  combination  would  have  looked  like  in  actual  fact.  The  claim  for 
fixing  the  top-stone,  and  causing  currents  of  air  by  exhaustion  or  pressure 
to  pass  through  the  grinding  surfaces  of  mill-stones  when  the  top-stone  is 
fixed,  is  obviously  not  designed  to  be  a  part  of  the  same  combination  with 
the  exhaust  from  the  cases  of  mill-stones  in  combination  with  the  applica- 
tion of  a  blast  to  the  grinding  surfaces  of  the  stones.  Three  distinct  modes 
of  working  are  indicated:— lit,  When  you  have  a  fixed  top-stone  use  the 
blast  to  ventilate  the  grinding  surfaces;  2nd,  under  the  same  circumstances 
use  the  exhaust  for  the  same  purpose;  3rd.  whether  the  top-stone  is  fixed 
or  running  use  the  exhaust  to  carry  off  the  stive  when  you  use  a  blast  to 
ventilate  the  grinding  surfaces.  The  reasons  assigned  in  the  specification 
make  it  manifest  that  the  intention  of  the  patentee  was  to  describe,  not  a 
series  of  improvements,  all  of  which  were  to  be  used  together,  but  to  enu- 
merate all  the  circumstances  nndex  which  be  claimed  the  monopoly  of  an 
improvement  which  had  previously  been  in  use,  but  under  other  circum- 
stances. II.-  admits  that,  with  a  running  top-stone,  the  blast  and  also  the 
exhaust  had  been  used  to  ventilate  the  grinding  surfaces,  but  they  had 

before   been   used  together,   nor  had    either   of  thorn    before   been 

applied  when  the  top-stone  was  fixed.    Such  considerations  as  these  do  not 

to  have  weighed  with  the  Court.  These  deal  with  the  of.tbe 

invention  and  the  reason  of  the  thing.     In  trying  a  patent  cause,  it  would 

have  been  supposed  that  each  chum  would  have  been  considered,   ami  the 

questien  asked,  what  new  invention  and  substantive  improvement  is  repre- 

d  by  it?      In  this  judgment  we   see   DO   trace-    of  this    as   to   the   lir.-t 

,  or  the  third  claim.     l!y  disregarding  this  method,  the  Court  ei  tered 

paiadise,  and  lost  itself  in  a  grammatical  inquiry  which  had  not 

m-e  to  tbe  substantial  merits  of  the  question  between 

and  at  length  it  emerged  from  this  maze,  stating  it  really  did 

not  matter  wbal  tbe  patentee  intended.     There  was  a  rule  of  law  by  which 

i',d   be   made   to   he  infringers  whether  they  had  or  had 

,1  that  particular  improvement  ot  which  .Mr.  Bovill  was  the 
inventor. 

But  there  are   other  parts   of   this    judgment  which  must   be  remarked 

We  must  defer  to  the  learned  judges  in  all  matters  of  law,  bnl  in 
reference  to  the  meaning  ol  a  specification  we  claim  tbe  right  of  private 
judgment,     Heading  Mr.  Bovill's  in  tor  ourselves,  and  baring 

ik  place  on  the  trial  by  jury  in  this  case,  we  are  unable 
to  understand  the  grounds  ol  the  decision.  We  have  seen  i  hat  at  the  trial  the 
jury  were  nof  asked  any  question  u  nfflciency  i  f  the  specification, 

ami  that,  the  objection  to  the  claim  bi  too  wide  was  reserved  for  thi  I 
but  in  this  judgment  thi  ideclineto  consider  this  obj 

iln-  jm-y  had  found  that  the  nfflcient  I     B 

tiering  that  the  judge  deprecated  thu  attempt  ol  the  defendant's  counsel 
i   upon  evidence  that  bis  clienl  lanst  so  us  to  drew  air 

through  their  stone*,  and  that  the  blast  is  used  fox  the  purpose  of  sending 
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air  through  stones,  and  that  in  tbe  first  claim  the  exhaust  is  to  be  used  for 
the  self  same  purpose,  we  observe  with  unfeigned  astonishment  that  in 
this  judgment  Mr.  Bovill's  statement  that  he  claims  the  exhaust  only  as 
applicable  to  the  plenum  of  air  forced  through  the  stones,  viz.,  by  the 
blast,  is  interpreted  as  a  direction  to  proportion  the  exhaust  to  the  plenum 
caused  by  the  blast,  and  his  admission  that  the  work  of  the  two  had  pre- 
viously been  accomplished  by  the  exhaust  alone,  as  a  caution  against  using 
the  exhaust  so  as  to  perform  that  work.  The  ventilation  of  the  stones, 
which  is  the  very  essence  of  the  improvements,  is  thus  declared  to  be  an 
inconvenience.  We  shall  see  what  consequences  have  resulted  from  this 
judgment.  The  fact  that  Mr.  Robert  Gordon,  who  had  in  1844  patented 
the  cold  blast,  was  the  real  antagonist  of  Mr.  Bovill  in  this  case,  explains 
the  peculiarly  restricted  grouuels  upon  which  the  case  was  contested.  If 
the  defence  had  been  by  perfectly  independent  parties,  probably  the  patent 
would  have  been  objected  to  on  the  grounds  of  the  want  of  invention  in 
the  plaintiff's  claim,  and  the  insufficiency  of  the  specification  as  to  the 
third  claim.  The  only  instruction  given  as  to  how  the  invention  of  straining 
stive  is  to  be  practised  is  to  strain  it  through  suitable  porous  fabrics 
which  could  add  very  little  to  the  sum  of  previous  knowledge. 

The  success  of  Bovill  v.  Keyworth  was  quickly  followed  up  by  a  Chan- 
cery suit  in  the  Boll's  Court,  of  Swaine  and  Bovill  v.  Gordon,  in  which 
a  perpetual  injunction  was  granted  against  Mr.  Gordon  to  prevent  him 
adding  the  exhaust  to  the  blast  he  had  patented  two  years  before  Mr. 
Bovill's  patent  for  the  blast.  It  was  in  this  suit  Mr.  Bovill  made  the 
affidavit  from  which  we  have  already  quoted  his  description  of  his  blast, 
patented  in  1846.  We  now  give  from  the  same  affidavit  the  description 
of  his  invention  of  1849  : — 

"  That  I  discovered  tbe  inventions  described  in  the  specification  of  1849, 
by  means  of  which,  among  other  improvements,  the  plenum  of  air  forced 
by  the  blast  between  the  mill-stones  surcharged  with  stive,  or  fine  dust,  is 
elrawn  by  exhaustion  out  of  the  mill-stone  case  into  a  chamber,  and  the 
flour  passes  into  the  meal  spout  of  the  mill  entirely  free  from  dust." 

Mr.  Gordon  appears  then  to  have  applied  to  the  then  Attorney-General, 
Sir  K.  Bethell,  for  permission  to  proceed  by  scire  facias  to  repeal  Mr. 
Bovill's  patent  of  1849,  but  the  permission  was  withheld,  upon  the  ground 
that  it  would  be  to  re-open  a  question  already  decided  between  the  parties 
in  the  action  of  Bovill  v.  Keyworth. 

We  have  failed  to  discover  any  other  action  at  law  carried  to  trial  in 
which  the  validity  of  the  patent  was  contested. 

In  1856,  Mr.  Bovill  commenced  an  action  at  law  against  Messrs. 
Thomas  Wren  and  Sons,  of  Stockton-on-Tees,  but  he  abandoned  it.  In 
1858  he  commencetl  a  Chancery  suit  against  Mr.  Christie,  of  Chelsea,  but 
did  not  bring  it  to  a  hearing,  and  in  1863  he  petitioned  her  Majesty  lor  a 
prolongation  of  his  patent,  and  the  petition  was  heard  before  tbe  Judicial 
Committee  of  the  Privy  Council.  The  Master  of  the  Bolls  presided  on 
the  occasion,  antl  prevented  the  counsel  for  the  opponents  of  the  petition 
from  contending  that  the  patent  was  invalid,  by  ruling  that  their  lord- 
ships would  not  entei tain  that  question,  but  must  treat  the  patent  as  a 
valid  one.     The  patent  was  prolonged  for  five  years, 

Then  an  action  at  law  was  commeneed  against  Mr.  Christie,  and  he 
compromised  it,  and  submitted  to  a  decree  in  the  Chancery  suit  which  had 
banging  on  for  four  or  five  years.  It  is  unnecessary  to  dwell  upon 
the  actions  against  various  millers,  such  as  Messrs.  Marshall,  Missis. 
Hadley,  Mr.  Leicester,  and  others,  which  followed  as  none  of  them  were 
its  upon  tho  validity  of  the  patent.  We  proceed  to  Bovill  o,  Goodier, 
instituted  in  the  Bolls  Court  in  1864,  and  decided  in  April,  1866.  During 
the  bearing  of  the  cause,  Mr.  Bovill  was  In  ing  cross-examined  by  Mr. 
Watkin  Williams,  counsel  for  the  defendant,  when  the  learned  judge  ba- 
te] ru|  ted  thus: — 

Mr.  Bovill  being  naked  bj  Mr.  Watkin  Williams  a  question  as  to  what 
he  bad  seen  in  Mr.  Kidd's  mill  at  [sleworth,  before  L859,  said  :  "  I  do  not 

know.     I  am  in  this  position,  my  lord,  that  I  tiled  D  bill  against  Mr.  Kidd, 

and  I  would  ask    your   lordship   whether  I  am    hound    to    answer  all 

question-." 

The  Master   of  the    Rolls:     Have    you 'filed  a  bill  which  is  pending? — 

A.   Yes;    and  in   that  case  of    Mr.    Wold's  there  is  a  greal    oonfliot  with 

regard  to  the  evidence  as  to  the  dates  when  he  put  op  certain  apparatus. 
The  Master  of  the   Rolls:  Then  I  do  not  think  Mr.  Bovill  is  bound  to 

say  anything  which  would  disclose  what  evidence  he  intends  to  give  in  that 

case  against  Mr.  Kidd. 
The  Witness  :  That  is  bow  it  pn  ises  on  me. 
Mr.  Williams:  My  Lord,]   lubinil  that  a  publication  and  a  user  by  Mr. 

Kidd  of  this  exhaust  fun  would  be  asked  abont. 
The  Master  of  tbe  Bolls:  The  only  thing  is  this,     [n  i ipelling  the 

plaintiff  or  the  defendant  t->  give  discovery  in  chancery,  wo  •'  i  ""i  oi  mpel 

him  to  give  any  di-ro\ery  w  hit-h  Would 

he  intends  to  give  to  support   the  matters  be  puts  in  issue,     "<  ooui  t  I 
cannot  tell   what  tin-re  is  in  tins  rait  against  Mr.  Ki  Id,  but  if  it  bends  to 
■  thai  result,  Mr.  Bovi  mndtogiveevid 

.Mr.  drove:   Sly   lord,  1  do  not  ice  any  objection   to    Vl,    B  Hil    being 
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asked,  what  really  is  all  which  could  be  relevant  in  this  case,  namely,  what 
he  himself  saw  at  Mr.  Kidd's.  Any  information  he  got  from  witnesses 
which  might  be  useful  in  his  suit  would  not  be  evidence  here. 

The  Master  of  the  Rolls :  The  whole  of  Mr.  Watkyn  Williams'  questions 
are  addressed  to  this  point — the  validity  of  Mr.  Bovill's  patent.  I  should 
wish  to  have  it  argued  beforehand  as  a  separate  and  distinct  matter, 
whether  that  is  a  thing  I  can  go  into. 

Mr.  Selwyn :  I  think  your  lordship  will  find  it  impossible  to  sever  the 
two.  The  difficulty  is  this :  Mr.  Bovill's  patent  as  it  was  when  the  case 
of  Bovill  v.  Key  worth  was  tried,  is  one  thing;  Mr.  Bovill's  patent  as 
opened  by  my  friend,  Mr.  Grove,  yesterday,  is  another  and  a  totally  different 
thing. 

The  Master  of  the  Bolls :  I  shall  hear  you  upon  that,  but  at  present  here 
is  the  specification,  a  printed  document. 

Mr.  Grove  :  The   difficulty  is   this  ;    that  if  we  go  into  the  question  of 
validity  de  bene  esse,   it   will  occupy  a  long  time.     Of  coure  I  must  re 
examine  Mr.  Bovill  upon  all  these  matters. 

The  Master  of  the  Rolls  :  What  I  think  would  be  the  most  convenient 
course  would  he  this.  If  you  think  that  anything  will  turn  upon  the 
evidence  of  the  witnesses  you  may  ask  them  all  to  retire  from  the  court, 
but  I  think  the  mosc  convenient  course  would  be  for  me  to  hear  you  state 
what  facts  you  are  advised  or  instructed  you  can  prove,  and  to  ask  me 
whether  upon  these  facts  I  will  allow  you  to  go  into  the  question  of  the 
validity  of  the  patent. 

Mr.  Selwyn  :  Your  lordship  sees  the  difficulty  we  are  in  is  this.  We  say 
if  the  patent  is  one  thing,  we  have  not  infringed  it ;  if  it  is  another,  we 
say  still  we  have  not  infringed  it,  but  still  it  must  be  bad. 

The  Master  of  the  Rolls  :  I  cannot  allow  you  to  use  that  argument. 
Here  is  a  patent,  and  of  course  every  fair  inference  which  can  be  drawn 
from  that  Mr.  Bovill  is  entitled  to  on  the  one  hand,  and  you  are  entitled  to 
argue  against  him  on  the  other,  but  because  Mr.  Grove  gives  a  particular 
construction  to  this  instrument  I  cannot  on  that  account  allow  you  to  go 
into  the  question  of  the  validity  of  the  patent. 

Mr.  Selwyn  :  But  your  lordship  sees  the  great  inconvenience  I  am  put 
to  if  I  state  my  case  before  the  principal  witness  on  the  other  side  is 
examined,  and  cross-examined,  and  after  they  have  heard  my  case  their 
principal  witness  is  to  be  re-examined. 

The  Master  of  the  Rolls :  I  do  not  think  it  is  material  on  the  question 
I  have  to  determine.  On  the  question  of  the  validity  of  the  patent,  as  now 
opened,  I  shall  not  decide  in  this  case,  and  I  inform  you  distinctly  of  that. 
The  only  question  on  which  I  shall  hear  any  evidence,  or  any  arguments  on 
the  facts,  is  whether  I  shall  allow  you  an  opportunity  of  contraoicting  it, 
but  I  shall  not  decide  it,  and  therefore  the  materiality  of  the  evidence  to 
be  given  afterwards  is  not  injurious  or  prejudicial  to  you.  You,  I  appre- 
hend, may  obtain  a  scire  facias  unless  the  Attorney -General  is  of  opinion 
that  upon  the  evidence  before  him  (and  he  is  much  more  competent  to 
decide  it  than  I  can),  you  ought  not  to  be  allowed  to  go  into  the  question 
at  law.  I  speak  with  considerable  hesitation  on  a  subject  of  common  law, 
practice  of  which  I  know  but  little,  but  I  appreherd  that  any  number  of 
persons  may  one  after  another  take  out  a  scire  facias  to  contest  the  validity 
of  a  patent,  provided  the  Attorney-General  will  allow  them.  If  he  will 
not,  of  course  they  have  no  case.  Have  you  applied  to  the  Attorney- 
General  for  a  scire  facias. — Mr.  Selwyn:  No,  my  lord. 

Mr.  Williams :  My  lord,  after  that  intimation  I  will  direct  the  examina- 
tion of  Mr.  Bovill  to  the  point,  as  to  whether  we  are  in  a  condition  in  this 
case  to  dispute  the  validity  of  the  patent.  I  have  a  good  deal  to  ask  him 
with  respect  to  that  question,  but  I  think  there  has  been  very  great  mis- 
apprehension as  to  the  litigation  about  this  patent,  a  very  great  misappre- 
hension indeed. — The  Master  of  the  Rolls  :  You  must  go  on. 

After  Mr.  Williams  had  been  for  some  time  cross-examining  the  plaintiff 
as  permitted,  the  following  took  place  : — 

The  Master  of  the  Rolls  :  What  is  the  object  of  this,  Mr.  Williams  ?  — 
Mr.  Williams :  I  shall  be  able  to  show  your  lordship  in  a  very  few  minutes. 
I  thought  the  only  one  was  Bovill  v.  Keyworth,  and  in  that  case  the  adju- 
dication of  the  court  has  nothing  whatever  to  with  the  validity  of  this 
patent. 

The  Master  of  the  Rolls:  You  will  have  the  record  here,  and  you  may 
argue  upon  that  if  you  think  fit. 

Mr.  Williams :  It  will  not  appear  upon  the  record.  There  are  several 
cases  in  which  pleadings  have  been  on  the  record,  and  nobody  could 
possibly  tell  from  the  pleadings  what  the  case  was. 

The  Master  of  the  Rolls :  1  assume  you  have  evidence  upon  the  subject 
if  you  rely  upon  it.— Mr.  Williams  :  Certainly  ;  but  I  wish  to  ask  Mr. 
Bovill,  because  he  would  be  the  best  witness  on  the  subject. 

The  Master  of  the  Rolls :  His  recollection  of  what  was  stated  in  that 
action,  if  I  had  evidence  the  other  way,  would  not  weigh  with  me  at  all. 

Mr.  Williams  :  It  might  dispense  with  the  necessity  of  calling  evidence. 

The  Master  of  the  Rolls :  I  have  got  the  specification  here  before  me. 
The  specification  has  been  before  the  court  at  least  on  two  occasions ;  once 
in  a  court  of  common  law,  and  the  second  time  before  the  Privy  Council. 


Mr.  Williams :  In  the  Privy  Council  your  lordship  expressly  delivered 
the  judgment  there  that  the  committee  would  not  go  into  the  validity  of 
the  patent,  and  you  stopped  Mr.  Hindmarsh  in  cross-examining  about  that. 

The  Master  of  the  Rolls :  Still  there  was  a  great  deal  of  examination 
on  the  subject.  All  they  stated  was,  according  to  my  recollection,  that 
there  was  the  Scotch  patent.  You  have  a  specific  course  open  to  you.  Why 
do  you  not  apply  to  the  Attorney-General  for  scire  facias. 

Mr.  Williams :  Perhaps  we  are  more  content  with  defending  ourselves 
against  this  action. 

The  Master  of  the  Rolls  :  You  cannot  defend  yourself  when  you  get  a 
verdict  against  you  upon  the  prolongation  and  a  great  number  of  verdicts. 

Mr,  Williams  :  I  submit  to  your  lordship  the  prolongation  has  nothing 
to  do  with  it.  In  the  judgment  of  the  Privy  Council,  any  attempt  to  go 
into  the  validity  of  the  patent  was  stopped  at  once,  Mr.  Hindmarsh  began 
to  examine  and  your  lordship  stopped  him. 

The  Master  of  the  Rolls :  For  what  reason  ?  Simply  because  it  had 
been  established  at  law. 

Mr.  Williams  :  Upon  the  ground  that  the  Privy  Council  will  not  go  into 
the  question  of  the  validity  of  a  patent. 

The  Master  of  the  Rolls :  Yes,  always  if  it  has  never  been  established 
in  any  court  of  justice,  but  they  will  not  grant  a  prolongation  of  a  patent 
which  they  consider  to  be  bad. — Mr.  Williams:  Further  than  that,  Mr. 
Goodier  is  no  party  to  any  of  the  proceedings. 

The  Master  of  the  Rolls  :  I  am  aware  of  that,  but,  as  I  said  before,  you 
may  have  a  scire  facias,  and  a  hundred  scire  facias  may  be  taken  out  by 
all  the  different  persons. — Mr.  Williams :  It  is  new  to  say  the  defendant 
cannot  defend  himself  in  an  action  of  this  sort. 

The  Master  of  the  Rolls  :  The  practice  of  this  court  is,  that  if  it  has 
once  been  established  at  law  it  cannot  be  gone  into  in  this  court. — Mr. 
Williams  :  But  we  want  to  shew  your  lordship  that  it  has  never  been 
established ;  we  wanted  to  shew  that  Bovill  v.  Keyworth — 

The  Master  of  the  Rolls :  I  cannot  go  into  Bovill  v.  Keyworth. — Mr. 
Williams  :   We  do  not  dispute  the  decision  in  Bovill  v.  Keyworth,  not  a  bit. 

The  Master  of  the  R0II3  :  If  you  say  that  the  validity  of  the  patent  was 
not  established  in  this  case  you  must  refer  to  the  report. 

Mr.  Williams:  This  an  action  for  three  different  things.  In  an  action 
against  a  defendant  he  may  contest  the  validity  of  the  patent  in  one  con- 
struction, and  the  judges  held  that  they  could  not  say  it  was  not  a  good 
patent  for  a  combination  of  the  artificial  blast  with  the  exhaust,  and  that 
was  the  only  question  decided. 

The  Master  of  the  Rolls  :  I  will  not  hear  you  upon  this  point.  I  do  not 
know  how  long  this  case  is  likely  to  last  if  you  go  into  evidence,  and  the 
matters  in  issue  in  all  the  cases  at  common  law,  which  have  been  mentioned 
to  me. — Mr.  Williams  :  I  understand  that  is  only  upon  the  ground  that 
Mr.  Goodier  is  to  be  shut  out  from  his  defence. 

The  Master  of  the  Rolls  :  Not  at  all,  if  he  chooses  to  litigate  the  patent. 
He  cannot  do  it  here.  The  only  question  is,  whether  I  am  to  give  him  an 
opportunity  of  doing  it.  He  has  an  opportunity  if  he  will  apply  to  the 
Attorney-General. — Mr.  Williams  :  In  the  meantime  your  lordship  sees  he 
must  pay  the  damages  of  this  suit. 

Tbe  Master  of  the  Rolls  :  It  is  not  damages.  It  is  an  injuction ;  and 
costs. — Mr.  Williams:  He  is  advised  he  is  perfectly  right. 

The  Master  of  the  Rolls :  Why  did  he  not  obtain  a  scire  facias  ? — Mr. 
Williams  :  That  would  not  be  a  remedy  at  all.  We  should  have  to  pay  a 
large  sum  of  money  to  Mr.  Bovill. 

The  Master  of  the  Rolls  :  No;  I  will  stay  the  proceedings  in  the  causa 
if  the  Attorney-General  will  grant  a  scire  facias.  When  they  were  asking 
to  be  allowed  to  go  into  these  details,  I  said,  why  do  you  not  try  it  at  law  ? 
What  is  the  use  of  coming  into  equity  when  you  know  that  the  Court  of 
Equity  is  bound  by  the  proceedings  at  law,  instead  of  taking  the  ordinary 
mode  of  trying  the  validity  of  the  patent. 

Mr.  Williams :  If  that  is  your  lordship's  judgment  upon  the  point,  I  feel 
perfectly  relieved  from  cross-examining  Mr.  Bovill  at  all  on  the  present 
point  before  the  Court. 

Mr.  Grove  :  Probably  the  better  plan  would  be  to  argue  the  point. 

The  Master  of  the  Rolls :  No  doubt  this  is  a  question  to  be  argued,  and 
I  will  allow  every  assumption  to  be  made  for  the  purpose. 

Mr,  Selwyn :  I  am  not  prepared  to  argue  it  now. 

Mr.  Grove :  Then  I  must  re-examine  the  plaintiff  de  bene  esse. 

The  Master  of  the  Rolls  :  I  do  not  think  you  can  if  I  stop  the  examina- 
tion by  my  observations.  Mr.  Williams  has  not  had  his  examination  nil ; 
and  he  forbears  in  consequence  of  my  intimation  that,  in  my  opinion,  the 
examination  is  useless:  therefore  what  can  be  the  use  of  your  re-ex- 
amining. 

Mr.  Grove :  Very  well ;  your  lordship  has  heard  several  questions  asked 
Mr.  Bovill  as  to  previous  examinations.  As  long  as  it  is  clearly  understood 
and  entered  upon  the  notes  that  the  examination  was  given  up  by  my 
learned  friend,  and  that  I  am  stopped,  it  answers  my  purpose;  but  I  do 
not  want  it  hereafter  to  be  said,  Mr.  Bovill  stated  a  thing  in  his  examina- 
tion which  he  would  not  have  stated  if  he  had  been  re-examined  probably. 
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The  Master  of  the  Rolls  :  If  any  person  is  to  be  injured,  I  must  request 
Mr.  Williams  to  go  on  with  his  examination,  and  I  promise  not  to  interfere 
at  all. — Mr.  Williams  :  My  lord,  I  feel  that  is  throwing  too  great  a  respon- 
sibility upon  me. 

The  Master  of  the  Rolls  :  It  throws  no  responsibility  upon  you. — Mr. 
Williams:  I  always  feel  some  relief  when  I  know  the  learned  Judge  has 
stopped  me  from  going  too  tar. 

The  Master  of  the  Rolls :  You  are  not  going  too  far  for  what  you  con- 
sider to  be  the  issue ;  but  I  consider  the  question  does  not  arise. — Mr. 
Williams :  That  throws  an  amount  of  responsibility  upon  me  which  I  am 
not  prepared  to  accept.  1  am  quite  willing  to  follow  the  directions  of  the 
Court. 

The  Master  of  the  Rolls :  I  have  thought  that  the  question  does  not 
arise;  and  it  was  because  I  thought  so  that  I  interposed  before.  The 
question  does  not  arise  in  this  case. — Mr.  Williams  :  I  would  be  throwing 
away  time  altogether  to  go  on  if  tliat  is  your  lordship's  view. 

The  Master  of  the  Rolls:  It  would  be  quite  useless  in  my  opinion;  it 
does  not  arise  at  present.  It  would  be  useless  of  Mr.  Grove  to  re- examine. 
— Mr.  Grove  :  I  am  perfectly  content  if  the  case  rests  here.  I  am  only 
anxious  that  on  some  future  occasion  Mr.  Bovill  shall  not  be  asked  did  you 
say  so  and  so,  when,  although  what  he  has  said  may  be  perfectly  true  in 
cross-examination,  the  meaning  of  it  may  require  to  be  properly  explained 
by  re-examination. 

The  Master  of  the  Rolls :  It  is  me  stopping  the  examination  ;  I  do  not 
see  what  is  the  use  of  your  re-examination. — Mr.  Grove:  If  it  is  taken 
that  Mr.  Bovill  is  not  re-examined,  and  that  his  answers  bave  been  given  in 
cross-examination  without  his  having  an  opportunity  to  give  his  full 
answer,  which  two  or  three  times  Mr.  Bovill  was  stopped  in  tbem,  I  am 
quite  satisfied.  There  is  another  point  which  I  ought  to  mention  to  your 
lordship,  in  order  that  we  may  not  have  a  discussion  upon  it  hereafter. 
Your  lordship  has  not  said  at  present,  as  to  the  infringement,  what  you 
propose  to  do;  and  I  should  only  re-examine  Mr.  Bovill  as  to  matters 
which  touch  the  question  of  infringement,  and  leave  alone  the  question  of 
prior  use. 

The  Master  of  the  Rolls :  The  question  of  infringement  is  entirely  open 
to  you. 

Mr.  Williams  :  Wo  have  not  touched  upon  the  question  of  infringement. 

Mr.  Grove :  You  have  touched  upon  questions  which  greatly  affect  the 
infringement,  and  I  should  re-examine  upon  that. 

The  Master  of  the  Rolls:  I  had  thought  that  all  Mr.  William's  ques- 
tions applied  to  the  validity  of  the  patent. 

Mr.  Grove:  But  several  of  them  apply  to  infringement.  Your  lordship 
may  recollect  he  was  asked,  on  seeing  the  defendant's  mill,  whether  he  con- 
sidered he  infringed  or  not. 

Mr.  Selwyn:  1  do  not  object  to  my  learned  friend  re-examining  if  he 
thinks  (it. 

The  Master  of  the  Rolls:  I  cannot  make  him  examine  upon  the  ques- 
tion of  infringement  when  I  do  not  think  the  witness  has  been  cross- 
examined  upon  infringement.  The  infringement  is  a  question  beforo  me 
which  I  h  i vr-  to  determine.  I  do  not  wish  to  stop  a  single  question  upon 
the  point  of  infringement,  if  you  can  keep  it  apart  Irom  this — that  I  con- 
sider the  legal  validity  of  the  patent  has  been  established  at  law,  and  that 
the  Privy  Council  has  acted  on  the  fact  of  such  legal  validity  having 
established;  that  I  also  consider  myself  bound  to  act  upon  the  legal 
validity  of  the  patent  having  been  established,  but  infringement  is  :t 
totally  different  question.  Whether  the  particular  plan  adopted  by  the 
defendant  in  this  oa^e  is  an  infringement  of  Mr.  BoviU'a  patent,  sucl 
appears  on  this  specification,  is  a  totally  different  matter;  on  which,  of 
coarse,  any  questions  that  Mr.  Wiatkyn  Williams  may  ask  will  be  strictly 
relevant. 

.Mr.  Selwyn  :  JTes,  The  view  we  take  i*  this,  that  it  is  almost  impossible 
to  separate  the  two  questions  of  validity  and  infringement,  because  we  say 
if  Mr.  Bo v ill's  patent  is  such  as  it  is  stated  to  !>••.  and  inch  an  extent  as  to 
render  it  bat  'lie  present  defendant  has  infringed  that,  then  it 

will  necessarily  follow  it  is  bad. 

Mr.  Grove  :    That   i  .  a  matter  1  am  quite  prepared  to  argue. 

The  Master  of  the  Bolls:  Then  I  most  ask  Mr.  Watkyn  Williams  to 
ask  any  questions  which  he  thinks  relevant  to  tin-  infringement. 

Illrt.il. 

Of  coarse  this  determined  the  manner  of  conducting  the  rase  after- 
wards, hut  the  learned  judge  seems  to  have  forgotten  all  aboat  this  when 
he  pronounced  his  judgment,  which  we  print  in  rxlento:  — 

The  Master  of  the  Rolls:  This  suit  is  instituted  by  the  plaintiff  to 
restrain  the  defendant  from  infringing  a  patent  obtained  by  the  plaintiff 
for  improving  the  grinding  of  flour,  for  collecting  and  utilising  the  stive  or 
small  particles  of  none  which  formerly  was  almost  all  lost)  and  occasionally 

or  generally  created  an  injurious  dust,  in  the   body  of  the   mill  itself.     Tie- 

defendant  by  his  answer  contests  both   (he   validity  of  the  plaintiff's 

patent,  and  also  the  fact  of  the  infringement  of  it  by  him  the  A»  f.-mlant. 
The   history  of  the  plaintiffs  invention   is  an  instance  of  the  trouble* 


which,  in  the  present  state  of  the  law,  await  a  successful  inventor.  The 
patent  in  question  was  taken  out  by  the  plaintiff  in  June,  1849.  Since 
then  he  has  been  engaged  in  constant  and  expensive  litigation  up  to  1863, 
when  the  patent  was  prolonged  by  the  Privy  Council  for  five  years.  This, 
however,  has  not  produced  any  termination  to  the  litigation  of  which  the 
present  suit  is  an  instance.  At  the  same  time  much  of  this  is  incidental  to 
the  nature  of  things.  The  claim  of  having  made  an  invention  is  not  to 
preclude  others  from  using  an  old  process  and  old  machines,  because  some 
person  bond  fide  believes  that  he  has  invented  what,  in  truth,  has  been 
long  known;  nor  ought  the  fact  that  one  person  has  infringed  the  patent, 
being  ignorant  that  the  discovery  of  the  patentee  was  not  a  new  one,  to 
preclude  another  person  from  showing  that  it  had  before  been  known  and 
been  in  use.  It  may  well  be  that  Mr.  Bovill  invented  the  process  he  has 
patented,  and  yet  that  the  same  process  may  have  been  used  by  other  per- 
sons before  the  date  of  Mr.  Bovill's  patent ;  and  it  would  be  injustice  to 
stop  the  use  of  a  process  long  employed,  because  some  other  person  had 
subsequently  discovered  the  same  process.  It  would  also  be  unjust,  because 
one  person  lias  been  unable  to  prove  that  the  discovery  was  not  new,  to 
prevent  another  from  doing  so,  and  binding  him  by  a  proceeding  over 
which  he  had  no  control,  and  of  which  he  knew  nothing.  The  consequence 
is,  that  in  almost  every  case  the  plaintiff  has  to  establish  his  case  from  the 
beginning  against  any  fresh  person  who  chooses  to  impugn  the  patent  and 
to  contest  its  validity.  At  the  same  time,  the  law  properly  attaches  supe- 
rior rights  to  a  patentee  who  ha3  established  the  validity  of  his  patent,  to 
those  which  holong  to  a  patentee  who  has  not  done  so.  The  former  stands 
on  a  different  footing,  and,  though  the  patent  may  be  contested  by  fresh 
persons,  he  will  receive  protection  until  the  invalidity  of  it  is  shown.  The 
distinction  hitherto  made  by  courts  of  equity  has  been  where  the  validity 
of  the  patent  has  not  been  the  subject  of  any  legal  proceedings,  the  patentee 
must  prove  its  validity  at  law  before  the  Court  of  Equity  will  protect  him  ; 
but  having  once  established  its  validity,  then  the  Court  of  Equity  will  pro- 
tect him  against  any  other  person  until  that  person  proves  its  invalidity. 
Accordingly,  the  first  thing  I  have  to  consider  in  this  case  is  the  fact, 
whether  Mr.  Bovill  has  established  the  validity  of  his  patent  in  a  court  of 
law  ?  If  he  has  done  so,  it  has  been  by  the  case  of  Bovill  v.  Keyworth,  in 
7th  Ellis  and  Blackburn.  The  defendant  contends  that  this  case  does  not 
establish  the  validity  of  the  plaintiff's  patent,  and  that,  if  it  does,  it  is  for 
an  invention  which  is  not  infringed  by  him.  The  way  in  which  the  defen- 
dant puts  his  case  may  be  shortly  stated  thus :  if  the  patent  be  such  as  is 
established  by  the  case  of  Bovill  v.  Keyword),  then  the  defendant  has  not 
infringed  it;  but  if  the  patent  be  such  as  the  plaintiff  contends  that  it  is, 
then  its  validity  is  not  established  by  the  case  of  Bovill  v.  Keyworth, 
and  the  patent  so  alleged  is  invalid,  and  principally  by  reason  of  its  want 
of  novelty. 

In  order  to  estimate  the  value  of  this  argument,  it  is  necessary  to  con- 
sider what  the  invention  is  which  is  described  in  the  specification,  and 
what  the  case  of  Bovill  v.  Keyworth  has  decided.  Now,  I  am  reading  it 
from  the  bill,  which  is  exactly  in  the  same  words,  at  the  6th  paragraph. 
"  Firstly,  in  an  arrangement  for  ventilating  the  grinding  surfaces  of  the 
mill-stones,  and  the  introduction  of  air  through  the  top-stone  (when  fixed), 
either  by  blowing  or  exhaustion.  Secondly,  in  exhausting  the  air  from  the 
cases  of  the  mill-stones,  combined  with  the  application  of  a  blast  to  the 
grinding  surfaces.  Thirdly,  in  separating  the  stive  or  dust  of  flour  from 
the  air  when  exhaustion  or  blast  is  employed  to  facilitate  grinding,  and 
preventing  the  dust  and  waste  in  the  mill."  Then,  further  on  ho  says 
this:  "In  carrying  out  the  second  part  of  my  invention,  when  working 
mill-stones  with  a  blast  of  air,  1  introduce  a  pipe  to  the  mill-stone  case 
from  a  fan  or  other  exhausting  machine,  so  as  to  carry  off"  all  the  warm 
dusty  air  blown  through  between  the  stones  to  a  chamber  as  hereinafter 
described,  bj  which  the  dust  in  the  mill  is  avoided  and  grinding  improved. 
And  this  part  i  f  my  invention  relates  only  to  sucking  away  the  plenum  of 
dusty  air  forced  through  the  stones,  and  not  to  employing  a  sufficient 
exhausting  power  to  induce  a  current  of  air  between  the  mill-stones  without 
a  blast,  this  having  t"  fore  been  practised,  as  above  mentioned.    Tho  third 

pail  of  my  invention  consists  in  straining  the  stive  .>r  air  which  is  sur- 
!  with  line  floor,  through  Suitable  porOUS  fabrics  which  retain  the 
Ih.ur  and  allow  the  air  lo  pass  through;  and  thi-  I  accomplish  DJ  exhaust- 
ing the  air  IV  in  the  mill  Stone  ease,  ..r  other  closed  chamber,  receiving  the 
ue  il  from  'I"  '  mes  by  means  of  a  fan  or  Other  exhausting  machinery, 
and  blow  IO   exhausted    into   n    chamber  having  Ltl  lldsi    ind    tip 

Or  more  thiokneSSeS  Of  hiiiUblo   porous    fabric",  to  allow  the 

air  under  pressure  i"  pass  oat  deprived  of  the  flour  by  means  ..f  this  filtra- 
tion, t  alto  obtain  the  sum-  result  by  placing  tns  tllturing  obambec 
between  I  u  itone-case  or  ehamber  reeeivlng  the  meal  and  dust  from  the 
■i.i  the  exhausting  machine.  The  ifiva.  or  dusty  »ir  is  then  sucked 
through  the  Altering  fob  sadol  being  blown  throngb,  and  the  air 

I  hi  h  before." 

HOW,  It   is  art- I    tint,    tbll    i«    merely  •   pntent    for  the  combination   of 

teh  of  which  was  oldj  and  that  all  tlmt  Bovill  9. 
Keyworth  baa  dOU  is  to  determine  that  the  specification  correctly  describe* 
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an  invention  consisting  of  the  combination  of  the  three ;  that  this  combi- 
nation is  new ;  and  that  in  this  consists  the  invention,  and  that  Bovill  v, 
Keyworth  does  not  go  beyond  this.  I  have,  therefore,  in  the  first  instance, 
to  consider  whether  the  case  of  Bovill  v.  Keyworth  has  established  the 
validity  of  each  of  these  three  matters  separately,  or  only  in  combination 
■with  each  other.  The  judgment  of  the  Court  of  Queen's  Bench  appears 
to  me  to  determine  the  validity  of  each.  Lord  Campbell  says  in  the  first 
part:  "The  whole  of  the  plaintiff's  process,  if  the  combination  is  new,  is 
certainly  the  subject  of  a  patent;  and  so  would  the  part,  No.  2,  if  taken 
separately,  for  exhausting  the  air  from  the  cases  of  mill-stones,  combined 
with  the  application  of  a  blast  to  the  grinding  surfaces,  as  they  introduce 
very  important  improvements  in  manufacturing  wheat  and  other  grain  into 
meal  and  flour."  Now,  that  appears  to  me  to  point  out  that  the  No.  2, 
taken  separately,  is  also  described  as  an  invention  by  itself  and  not  in  com- 
bination. That  is  made  more  clear  afterwards.  He  snys  if  the  specifica- 
tion does  not  point  out  the  mode  in  which  this  is  done  it  would  be  invalid. 
"  But  we  are  of  opinion  that  the  specification,  on  the  face  of  it,  cannot  (as 
contended)  be  pronounced,  in  point  of  law,  to  be  bad  in  this  respect ;  and 
we  are  of  opinion  that  the  evidence  adduced  at  the  trial  shows  it  to  be 
quite  sufficient,"  He  says:  "The  exhaust  produced  by  the  pipe  and  fan 
is  to  be  proportioned  to  the  plenum  caused  by  the  blast,  taking  care  not  to 
produce  the  inconvenient  current  of  air  against  which  a  caution  is  given. 
How  can  a  Juige  take  upon  himself  to  say  that  this  may  not  be  enough  to 
enable  a  workman  of  competent  skill  to  construct  the  machinery?  "  In  a 
further  place  he  says  :  "  We  do  not  think  it  necessary  to  try  to  reconcile 
the  different  parts  of  the  specification  (which  are  somewhat  conflicting),  ot- 
to give  any  positive  opinion  upon  this  question,  for,  supposing  the  patent 
to  be  for  a  combination  consisting  of  several  parts  for  one  process,  we  are 
of  opinion  that  the  defendants  are  liable  in  this  action  for  having  used  a 
material  part  of  the  process,  which  was  new,  for  the  same  purpose  as  that 
mentioned  in  the  specification,  although  they  did  not  at  the  same  time  use 
all  the  parts  of  the  process  as  specified.  If  the  fixed  upper  mill-stone  were 
clearly  described  by  the  plaintiff  in  the  statement  and  diagram  to  be  found 
in  his  specification  as  part  of  the  combination  for  which  he  took  out  his 
patent,  as  No.  2,  is  a  material  part  of  the  combination,  and  was  new,  we 
are  of  opinion  that  they  cannot  lawfully  use  No.  2  for  the  same  purpose,  by 
substituting  a  rotating  upper  mill-stone  for  a  fixed  upper  mill-stone,  or  by 
resorting  to  any  other  equivalent  for  any  other  separate  part  of  the  process 
specified." 

Now,  I  am  of  opinion  that  that  establishes  the  separate  parts  of  the  spe- 
cification. Great  stress  was  laid  in  the  argument  upon  these  words : 
"  And  this  part  of  my  invention  relates  only  to  sucking  away  the  plenum  of 
dusty  air  forced  through  the  stones,  and  not  to  employing  a  sufficient 
exhausting  power  to  induce  a  current  of  air  between  the  mill-stones  with- 
out a  blast,  this  having  been  practised  as  above  mentioned."  But  I  am  of 
opinion  that  the  application  of  the  exhaust  to  drawing  away  the  plenum  is 
a  material  invention  of  the  plaintiff  by  itself,  although  the  combination  of 
it  with  the  other  parts  of  the  invention  may  be  properly  and  validly 
claimed  as  another  part  of  the  plaintiff's  invention  ;  and  this  double  fact 
appears  to  me  to  be  established  by  the  passages  in  the  judgment  to  which  I 
have  referred.  There  is  also  this  preliminary  obstacle  in  the  way  of  the 
defendants,  on  the  question  of  the  validity  of  the  patent — namely,  that  the 
specification  of  the  plaintiff  is  a  written  document,  of  which  the  construc- 
tion must  be  the  same  in  a  Court  of  Law  as  in  a  Court  of  Equity ;  and  the 
Court  of  Queen's  Bench  has  determined  that  this  patent  is  valid — that  is, 
that  the  invention  was  new  :  that  it  was  useful;  and  that  it  is  sufficiently 
described  in  the  specification.  The  objections  urged  against  it  before  me 
obviously  were  urged  at  law,  and  were  present  to  the  mind  of  Lord  Camp- 
bell when  he  delivered  his  judgment ;  and  the  words  I  have  read  appear  to 
me  distinctly  to  point  to  the  validity  of  the  patent,  not  merely  in  respect 
of  the  combination  of  the  matters  there  mentioned,  but  also  of  the  validity 
of  the  separate  parts,  which  are  distinctly  claimed  as  inventions  by  the 
plaintiff  in  his  specification,  assuming  those  separate  parts  to  be  new.  I 
am  of  opinion,  therefore,  that  the  "ucking  away  of  the  plenum  of  dusty  air 
forced  through  the  stones  is  a  separate  distinct  part  of  the  invention  of  the 
plaintiff  claimed  by  his  specification ;  and  that  the  Court  of  Queen's  Bench 
(this  is  number  two  in  fact)  has  determined  that  this  is  valid.  I  admit  that 
this  decision  would  not  be  conclusive  at  law  in  a  fresh  case,  nor  would  it  be 
binding  on  me  if  evidence  were  now  produced  which  was  not  before  the 
Court  of  Queen's  Bench ;  but  on  this  point,  I  do  not  find  that  any  evidence 
has  been  laid  before  me  which  was  not  before  the  Court  of  Queen's  Bench, 
with  the  exception  of  the  French  patents;  but  to  those  I  give  little  weight. 
I  think  that  they  all  differ  essentially  from  the  inventions  of  the  plaintiff, 
as  to  the  mode  of  drawing  away  the  dusty  air  from  the  plenum.  They  do 
not  appear  ever  to  have  been  successful.  Indeed,  the  fact,  that  the  defen- 
dant had  not  used  them,  and  that  no  one  uses  them,  and  that  they  have  all 
expired,  is  a  proof  that  they  are  not  the  same  as  that  of  the  plaintiff, 
which  is  confessedly  a  process  of  great  value.  I  am  further  of  opinion  that 
the  decision  of  the  Court  of  Queen's  Bench  also  establishes  the  validity  of 
the  plaintiff's  patent  as  regards  the  third  invention — namely,  the  use  of  the 


stive-room,  and  that  this  is  effected  in  combination  with  the  exhaustion  of 
the  air  from  the  mill-stone  cases.  It  does  not  appear  to  me  that  the 
forcing  the  air  into  the  mill-stone  case  from  above  is  a  necessary  part  of 
this  invention.  The  invention,  as  described  in  the  specification,  and  as 
established  in  the  Court  of  Queen's  Bench,  consists,  I  think,  in  the  employ- 
ment of  a  sufficient  power  to  suck  away  the  dusty  air  in  the  mill-stone 
cases,  and  the  discharging  it  through  a  porous  fabric,  by  which  the  fine 
flour  is  retained,  and  the  air  is  allowed  to  escape.  It  is  true  that  the  air 
which  is  drawn  away  from  the  mill-stone  case  must  find  its  admission  into 
the  mill-stone  case  from  some  separate  entrance ;  but  the  invention  now 
before  me,  as  I  understand  it,  consists  in  exhausting  the  dusty  air  in  that 
case  in  such  a  manner  as  to  draw  it  all  off  without  employing  such  a  force 
as  to  draw  with  it  the  meal ;  and  to  transmit  the  air  so  drawn  off  through 
a  chamber  formed  wholly  or  in  part  of  a  porous  fabric,  which  will  retain 
the  dusty  particles  of  flour  and  allow  the  air  to  escape. 

The  French  patents  which  relate  to  this  subject  appear  to  me  to  be 
quite  distinct  from  that  of  the  plaintiff.  I  think  it  unnecessary  to  go 
through  them  in  detail.  The  idea  was  probably  present  to  the  mind  of 
one  or  more  of  the  inventors;  but  they  have  failed  in  discovering  the 
method  by  which  they  could  exhaust  the  dusty  air  merely  without  drawing 
the  meal  with  it;  and  I  am  of  opinion  that  the  validity  of  the  patent 
as  now  claimed  by  the  plaintiff  is  established  by  the  decision  in  Bovill  v. 
Keyworth. 

(To  le  continued). 


THE  ABRADING  AND  TRANSPORTING  POWER  OF  WATER. 

(Continued  from  page  102) 

In  our  last  issue  we  briefly  drew  attention  to  the  consideration  of  the 
effect  of  the  abrading  and  transporting  power  of  water  in  influencing 
geological  questions;  its  action  in  the  formation  of  deltas,  its  influence 
on  river  channels,  the  formation  of  bars  at  mouths  of  rivers,  and  the  effect 
of  shortening  rivers,  and  in  continuation  we  now  propose  to  treat  of  other 
questions  involved  in  or  effected  by  the  consideration  of  this  most  impor- 
tant subject. 

The   Effects   of   Embanking  Ritees,   Considered  in  Connection 
with  this  Question. 

In  a  previous  article  we  have  tried  to  show  that  in  the  present  day  the 
formation  of  deltas  is  a  work  of  great  time,  and  from  Mr.  Ellet's  estimates 
it  would  appear  that  it  must  have  taken  45,000  years  to  raise  the  delta  of 
the  Mississippi  from  the  level  of  the  sea  to  its  present  level.  )'(See  page  32 
of  Ellet  on  the  Mississippi),  whilst  Mr.  Login  estimated  that  it  probably 
has  taken  13,000  years  to  raise  the  delta  of  the  Irrawaddy  to  its  present 
level.  (See  proceedings  of  the  Royal  Society  of  Edinburgh  for  March, 
1857).  Having  already  roughly  estimated  the  general  rise  of  a  delta  at  two 
inches  in  a  century,  and  shown  that  along  the  banks  of  the  river  it  is  much 
greater, — viz.,  as  much  as  5  inches  on  the  Nile  at  the  head  of  its  delta,  we 
must  next  consider  the  consequences  of  such  variation,  for  it  is  evident  that 
if  this  difference  in  deposits  was  constantly  taking  place,  in  time  the  river 
would  rise  high  above  the  neighbouring  country. 

This  is  what  we  find  to  be  the  case,  and  on  almost  all  rivers  which  flow 
through  alluvial  plains,  we  find  the  river  bank  much  higher  than  the  plain. 
At  the  distance  of  a  mile  or  two  back  from  the  river,  on  the  Mississippi, 
some  times  the  river  bank  exceeds  the  height  of  the  plain  by  15ft. ;  so, 
supposing  the  increase  of  the  rise  of  the  bank  over  that  of  the  delta  to  be 
5  —  2  =  3in.  in  a  century  '/in.  x  15ft.  x  100  years  =  6,000  years,  or  the 
river  has  followed  its  present  course  some  6,000  years.  ■  The  changes  are, 
however,  greater  than  this, most  probably;  for  with  large  rivers  we  find  a 
constant  falling-in  of  the  banks  and  the  deposit,  owing  to  local  circum- 
stances, is  much  greater,  though  the  general  rise  may  be  a  work  of  cen- 
turies. The  general  deduction,  however,  is  that  most  probably  an  incal- 
culable lapse  of  time  took  place  in  preparing  the  earth's  crust  for  man,  and 
that,  except  at  isolated  points,  the  changes  now  going  on  are  so  slow  that, 
as  far  as  we  are  affected,  the  ground  that  we  stand  on  may  be  looked  upon  as 
permanent.  These  isolated  cases,  however,  are  sufficiently  numerous,  and 
of  such  magnitude,  as  to  prove  to  us  that  certain  powers  still  exist  which 
are  able  to  produce  at  any  moment  a  complete  convulsion  of  nature. 

Were  we  only  to  think  of  these  possible  convulsions,  nothing  would  be 
done  to  protect  our  lives  and  property  from  the  dangers  to  which  we  are 
daily  exposed ;  but  our  inaction  on  these  grounds  would  be  about  as  absurd 
as  to  put  a  stop  to  house  building,  because  from  time  to  time  we  hear  of 
houses  being  destroyed  by  fire. 

Having,  therefore,  arrived  at  the  conclusion  that,  in  protecting  a  country 
from  being  periodically  inundated,  there  can  be  no  doubt  that  we  are  pre- 
venting its  general  level  from  being  raised,  and  that  we  are  aiding  the  river 
to  rise  more  rapidly  above  the  country,  the  question  is,  at  what  rate  do 
we  assist  this  action  by  embanking  rivers  ? 
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As  the  abrading  power  of  water  increases  with  the  velocity,  it  is  evident 
that,  confining  a  river  within  its  banks,  is  to  increase  the  velocity ;  and, 
therefore,  the  tendency  is  rather  to  scour  out  the  bed  along  the  portion 
embanked.  There  is,  therefore,  at  once  a  tendency  to  increase  the  cutting 
on  the  bed  or  banks  by  this  greater  velocity.  If  the  bed  be  chiefly  affected, 
the  result  is  that  the  channel  of  the  river  is  kept  better  in  soil;  and  this, 
it  is  believed,  will  generally  be  found  to  be  the  case  where  any  portion  of  a 
river  is  embanked. 

The  transporting  power  of  water,  however,  is  not  increased  so  rapidly 
as  we  would  at  first  sight  imagine;  as  it  is  supposed  to  be  inversely  as  the 
depth  by  some  proportion  yet  to  be  discovered  by  experiment  or  observa- 
tion. Consequently,  as  the  depth  of  water  in  a  river  must  be  increased  by 
its  being  embanked,  the  transporting  and  abrading  power  may  be  but 
slightly  affected  by  the  increased  velocity. 

The  question  therefore  is,  how  is  it  that  the  effect  of  embanking 
a  river  is  to  raise  the  bed  and  banks,  which  is  the  case  on  some 
rivers  ?  The  reason  is  that  rivers  such  as  the  Po  have  a  great 
slope,  and  fall  into  a  shallow  tideless  sea,  so  by  embanking  them  the 
river  has  more  power  to  push  forward  the  larger  proportion  of  solid  matter 
the  water  holds  in  suspension,  and  the  sea,  being  tideles3  as  well  as  shallow, 
this  solid  matter  is  deposited  near  its  mouth,  and  thus  the  bed  must  be 
raised  more  quickly  than  where  the  sea  is  deep  and  is  assisted  by  tides  and 
currents  to  carry  the  earth  brought  down  by  the  river  far  out  to  sea.  Mr. 
Ellet,  in  his  work  on  the  Mississippi,  at  pages  75  and  76,  goes  into  this 
question,  and  Capt.  Humphrey  and  Lieut.  Abbot,  in  their  report,  at  pages 
414  and  415,  show  that  the  elevation  of  the  bed  of  the  Po  is  not  so  great  as 
was  at  one  time  thought.  With  respect  to  the  effect  of  embanking  the 
Mississippi,  these  officers,  at  page  436,  say : — "We  find  that  a  prolonga- 
tion of  the  river  25  miles  into  the  gulf  will  be  required  in  order  to 
elevate  its  surface  one  foot  at  Fort  St.  Philip.  Even  at  the  present  rate 
of  progress  of  the  delta,  this  extension  would  not  be  accomplished  in  less 
than  five  centuries." 

There,  however,  still  remains  another  important  point  to  be  considered 
affecting  this  question  which  should  not  be  lost  sight  of. 

When  a  river  inundates  a  country,  the  inundation  water  roturns  to  the 
river  after  the  flood  begins  to  subside,  along  with  any  rain  water  which 
may  fall  in  the  neighbourhood  which  is  drained  by  the  river.  Now,  it  has 
been  already  shown  that  when  a  river  rises  so  high  as  to  be  able  to  over- 
top its  banks,  and  thus  inundate  the  low  lands  on  either  side,  it  parts  with 
a  very  large  proportion  of  its  load  of  solid  matter  held  in  suspension,  and 
therefore  returns  to  the  parent  stream  under  very  different  conditions  to  that 
in  which  it  left  it.  This  comparatively  pure  water,  on  returning  to  the  main 
river,  is  no  longer  obstructed  in  its  flow  by  vegetation,  &c,  and,  as  it 
attains  its  former  velocity,  it  has  again  the  poiver  to  pick  up  and  hold  a 
•considerable  load  of  solid  matter  in  suspension,  and  therefore  it  at  once 
begins  to  attack  the  bed  and  banks,  for  any  increase  to  the  velocity  must 
cause  scour.  This  at  once  explains  why  rivers  which  are  rising,  or,  during 
the  high  flood  do  not  cut  much  into  the  banks,  for  all  the  water  then  has 
its  proper  load,  but  as  soon  as  the  flood  begins  to  subside,  and  this  inun- 
dation water  drains  back  into  the  river,  then  begins  the  violent  attack  on 
the  river  channel.  Sucli  being  the  case,  the  effect  of  preventing  this 
inundation  must,  as  a  natural  consequence,  prevent  in  a  great  measure  this 
excessive  cutting,  for  the  water  would  come  down  the  river  with  its  proper 

1 1    ilue    to   its  velocity.     Embanking  rivers,  therefore,  would  not  only 

protect  the  country  from  injurious  inundation,  lint  in  lit ectly  protect  the 
banks  from  the  violent  catting  which  wc  find  taking  place  as  soon  as  a 
flood  begins  to  subside.  It  has  been  supposed  that  this  tumbling  in  of 
the  banks  is  owing  to  the  water  having  impregnated  the  soil,  and  that  thus 
the  soil  loses  iis  cohesion,  while  its  weight  is  increased  ;  but,  so  far  is  this 
not  the  ease,  that  the  soil  of  the  bank  generally  appears  quite  dry,  and 
often  clouds  of  dust  and  sand  are  formed  !>y  the  falling  in  of  this  dry  soil. 
dering,  therefore,  the  protection  embanking  large  rivers  would 
afford  to  both  life  and  property,  and  having  shown  that  ages  on  ages  musl 
elapse  before  any  important  change  can  arise  in  the  general  level  of  tin- 
river's  bed  with  relation  to  that  of  country  where  rivers  are  embanked,  it 
is  evident  that  a  correct  knowledge  of  the  abrading  and  transporting 
power   of  water,    which     is    only  to    bo    arrived    at  by   experiments    and 

observations,  would  enable  the  engineer  to  deal  with  this  question  in  an 
exact  manner  and  on  acknowledged  principles. 

Its  Effects  in  declaiming-  Lands  pbom  tiie  Ska. 

Possibly  hardly  a  better  example  could  be  brought  forward  of  the 
necessity  for  a  proper  knowledge  of  the  laws  which  regulate  the  abrading 
and  transporting  power  of  water,  than  tho  closing  up  of  reclamation  hanks. 

In  January,  1864,  a  paper  was  read  before  the  Institution  of  Civil  Engi- 
neer* on  ihif  subject  j  and  this  paper,  along  with   the  discussion,  is  I 
found   in   Vol.    XXIII.  of  the    Proceedings   of   the    Institution    of   Civil 
Engineers. 

Various  opinions  arc  there  given,  and  the  general  conclusion  arrivrd'iit 
was  sound — namely,  that  the  embankments  should  be  raised  by  degrees,  ss 


explained  by  Mr.  Vignoles.  The  object  of  this  paper  was  to  determine  the 
velocity  with  which  the  tide  would  flow  into  a  gap  800ft.  wide,  with  a  rise 
and  fall  of  15ft.  at  spring  tides;  this  gap  to  be  closed,  and  thus  to  reclaim 
about  7,000  acres  of  land  between  the  mouths  of  the  Blackwater  and 
Crouch  rivers,  which  required  a  sea-wall  ten  miles  in  length.  The  lowest 
level  of  the  land  to  be  reclaimed  was  to  be  4ft.  above  low-water  spring 
tides,  so  as  the  rise  and  fall  during  neap  tides  was  life,  thus  this  land  would 
be  Vs  —  *  =  3a  below  half  tide ;  again,  V  =  °\,  «nd  6£  —  3£  =  2ft.  above 
low-water  neap  tide.  Again,  as  the  area  equalled  7,000  acres,  and  the 
length  of  wall  ten  miles,  the  average  breadth  of  the  space  to  be  enclosed 
would  be  a  little  over  one  mile,   or  say  5,500ft;  or  the  volume  of  water 

„  «nn  _  30250  cubic  feet  of  water>  wn;cn  would 


would  be 


5500  ■■ 


have  to  pass  over  any  one  foot  of  the  site  of  the  embankment. 


Taking 


15- 
2 


=  5£  as  the  average  depth,  and  the  time  of  rise  only  at 


four  hours,  the  mean  velocity  flowing  towards  the  land  would  be 
30250 
4  x  60  x  (jo  x  5-5  =  °'38ft-  a  second- 
But  as  the  probable  flow  over  the  site  of  the  proposed  sea-wall  may  be  ten 
times   this   velocity,   or  rather  over  2^   miles  an  hour,  it  is  evident  that 
9-10ths  of  the  sea-wall  may  be  completed  without  adding  to  the  natural 
velocity  of  the  water.     Therefore,  as  this  water  must  have  a  load  of  solid 
matter  held  in  suspension  due  to  this  velocity,  no  action  could  take  place 
on  the  ends  of  the  embankment,  nor  on  the  open  space  left  between  the 
ends  of  the  embankment,  which  would  be  a  gap  a  mile  broad ;  but  the 
moment  this  gap  came  to  be  diminished,  an  increase  to  the  natural  velocity 
would  begin,  and  continue  increasing  till,  as  shown  by  the  paper  of  Mr. 
Heppel,  the  velocity  would  increase  to  14* It.  a  second  during  the  efflux,  if 
contracted  to  800ft.  wide  and  llj  influx,  or  some  four  times  the  natural 
velocity. 

What  makes  matters  still  worse  is,  that  the  water,  while  flowing  into 
the  enclosed  space,  must  have  a  load  of  solid  matter  proportional  to  it? 
velocity ;  but  as  this  water,  when  once  it  is  admitted  into  the  enclosure,  must 
come  to  rest,  it  will  part  with  the  greater  portion  of  this  load,  and  when 
the  efflux  begins,  the  water  being  thus  freed  of  its  earthly  matter,  will  be 
all  the  more  ready  to  cause  abrasion,  and  consequently  it  is  during  the  ebb 
tide  we  must  look  for  most  frequent  accidents  to  the  embankment. 

To  guard  against  this,  the  remedy  appears  to  be  si.nply  to  prevent  the 
return  of  the  water  to  the  river,  and  to  keep  it  confined  within  the  enclo- 
sure up  to  the  level  to  which  the  remaining  mile  may  be  raised  ;  but  as 
this  portion  must  be  new  and  unconsolidated,  sluices,  or  what  may  be 
called  inundation  syphons,  through  the  completed  portion  of  the  bank, 
should  be  provided  so  as  to  lower  the  surface  of  the  water  within  the  enclo- 
sure a  few  inches  below  the  level  of  the  top  of  the  uncompleted  portion  of 
the  sea-wall ;  these  syphons  would  afterwards  be  necessary  for  drainage 
purposes. 

The  peculiarity  of  this  description  of  syphon  is,  that  it  is  bell,  or  rather 
spoon-mouthed,  and  the  crown  of  the  arch  should  be  below  or  on  a  level 
with  tho  lip  of  the  spoon  thus:  — 


for  by  Mich  an  arrangement   it    is   evident   that   the  Velocity  through    this 

syphon  under  the  embankment  may  he  live  time-,  or  even  ten  timet  «s 

great  as  where   the  water  approaches  or  leaves   tho   lyphon,  ami   thus    all 
Banger  of  cutting  is  avoided. 

Krom  the  above,  therefore,  it  is  hoped  it  has  been  111a. le  dear  that  a  cor- 
rect knowledge  Of  the  abrading  and  transporting  power  of  water  is  nil  ira- 
DOrtant  in  r.  rliitning  lands  from  estuaries  of  tho  sea  ;  and  when  once  it  is 
properly    understood,   tho  difficulties   hithtrto  uperieiK.d    will    probably 
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disappear,  so  that  an  engineer  can  set  about  reclaiming  land  with  the  same 
certainty  as  he  makes  a  railway. 

The  Use  oe  Inundation  Syphons. 

In  countries  where  rivers  when  in  flood  overflow  their  hanks,  and  a 
large  volume  of  water  passes  down  the  valley  on  either  side  of  the  main 
river,  it  often  becomes  a  very  difficult  question  how  to  pass  off  this  inun- 
dation water  when  it  has  to  be  crossed  by  an  embankment. 

The  cross  section  of  such  valleys  shows,  that  the  highest  ground  is  imme- 
diately at  the  river  bank,  and  that  there  is  a  considerable  fall  right  and 
left  of  the  main  stream.  This  inundation  water  being  comparatively 
shallow,  and  having  often  to  flow  either  through  standing  crops  or  jungle, 
is  very  sluggish  in  its  flow  compared  with  the  main  stream,  and,  in  conse- 
quence, the  water  holds  very  little  earthly  matter  in  suspension. 

As  the  ground  is  lower  than  at  the  river  bank,  it  is  evident  that  all 
this  inundation  water  cannot  drain  back  into  the  main  river.  To  provide 
sufficient  water-way  for  this  sluggish  water  would  entail  very  great 
expense,  and  to  contract  the  water-way  increases  the  velocity  both  of 
approach  and  egress;  that  is,  it  increases  the  transporting  and  abrading 
power  of  water,  so  that  a  scooping-out  action  takes  place  both  above  and 
below  bridge,  often  causing  the  destruction  of  the  work,  and  a  breach  in 
the  embankment,  which  is  sometimes  so  large  that  the  maiu  stream  takes 
to  it,  deserting  the  large  bridge. 

Now,  the  question  is,  how  can  this  low  ground  he  drained  without 
involving  a  great  expenditure  ?  It  is  believed  that  this  can  be  done  by 
inundation  syphons,  which  have  enlarged  openings  in  both  sides  of  the 
embankments  for  the  ingress  and  egress  of  the  water,  but  a  very  con- 
tracted channel  below  the  embankment  itself,  as  shown  in  the  engrav- 
ing on  page  129.  By  this  means  the  water  may  be  forced  into  the 
main  channel  during  a  flood,  and  pass  off  under  the  large  bridge;  but 
the  moment  the  river  falls  below  its  banks,  what  remains  of  the  inun- 
dation water  will  drain  off  by  these  inundation  syphons.  During  the 
flood,  however,  the  inundation  water  will  stand  much  higher  on  the  up 
than  the  down  stream  side  of  the  embankment,  and  owing  to  this  head 
of  water  there  will  be  a  great  rush  through  the  contracted  masonry 
channel  under  the  embankment,  but  not  greater  than  it  can  stand;  but 
the  syphons  having  proportionately  large  openings  to  receive  the  water  at 
its  natural  velocity,  and  to  pass  it  off  at  the  same  velocity,  there  can  be  no 
tendency  to  cutting  either  up  or  down  stream. 

It  is  also  evident  that  the  use  of  these  syphons,  where  rivers  are  em- 
banked, would  admit  of  irrigation  being  carried  on  through  the  embank- 
ment. 

(To  be  continued.) 


LAUNCH  OF  THE  TUEKISH  IRONCLAD  "AVNI  ILLAH." 

A  beautiful  armour-plated  sloop  of  war,  which  was  named  the  AvniUlah, 
was  launched  from  the  yard  of  the  Thames  Ironworks  and  Shipbuilding 
Company,  Blackwall,  on  the  28th  of  April.      The  design  of  this  vessel  is 


an  extension  of  the  system  first  introduced  by  this  company  when  con- 
structing the  Greek  iron-clad  last  year,  and  which  has  already  been  noticed 
in  the  columns  of  The  Aetizan.  In  that  case  it  will  be  remembered  that 
there  was  a  fixed  tower  or  battery  amidship,  mounting  two  guns,  but  in 
the  present  instance  the  increased  tonnage  of  the  vessel  admits  of  the 
erection  of  two  towers,  each  mounting  two  guns,  making  the  shape  of  the 
battery  somewhat  similar  to  the  body  of  a  violin,  as  will  be  seen  upon 
reference  to  the  annexed  engraving.  The  object  in  making  the  battery 
of  this  peculiar  shape  is  to  obtain  the  greatest  possible  arc  of  training  for 
each  of  the  guns.  Thus  in  four  of  the  ports  this  arc  amounts  to  100° 
while  in  the  two  forward  ports  it  is  95°,  and  89°  in  the  two  aft  ports.  By 
this  means  a  line  of  fire  is  obtained  parallel  with,  or  rather  slightly  con- 
verging towards  the  keel  forward,  and  within  10°  of  a  line  with  the  keel 
aft.  In  addition  to  these  advantages,  each  of  the  ports  can  be  used  for 
broadside  firing,  as  will  be  seen  by  the  dotted  lines  in  the  drawing,  the  full 
lines  showing  the  extreme  range  from  each  port.  All  four  guns  can  thus 
be  fired  on  the  broadside  converging  to  one  point  at  a  distance  of  110yds. 
from  the  ship's  side  ;  the  fire  of  three  of  the  guns  can  converge  at  a  distance 
of  16yds.  from  the  ship,  and  from  two  of  the  guns  within  the  breadth  of 
the  vessel. 

This  form  of  battery  is  peculiarly  suitable  for  fighting  "end  on,"  as  the 
two  forward  guns  can  be  fired  in  a  direct  line  with  the  keel,  and  the  two  after 
guns  within  10°  of  the  keel.  For  this  system  of  attack  Mr.  Mackrow's- 
design  is  even  better  adapted  than  the  turret  ships  as  at  present  built  in 
this  country,  as  it  cannot  be  said  that  they  command  a  line  of  fire  parallel 
with  the  keel. 

The  object  of  this  design  was  to  obtain  as  far  as  possible,  the  advantages 
of  the  turret  commanding  an  all-round  fire  without  the  disadvantages  of 
the  opening  in  the  deck  in  which  the  turret  revolves,  and  the  necessity  of 
having  the  bulwarks  made  to  fall  down.  These  bulwarks,  which  are  made 
of  iron,  are  fixed  inside  of  the  lines  of  fire,  and  being  decked  over  afford 
convenient  accommodation  for  the  crew.  The  freeboard  to  this  gunwale  is 
lift.  6in.,  the  ports  being  6ft.  6in  above  the  water  line.  The  vessel  is,  there- 
fore, thoroughly  seaworthy,  while  she  would  be  a  comfortable  ship  even  in 
bad  weather,  and  very  seldom  unable  to  use  her  guns.  Another  advantage 
possessed  by  this  system  over  the  turret  may  be  mentioned,  although  it  is 
sufficiently  obvious,  viz.,  the  absence  of  all  machinery  for  revolving  the 
turret,  and  the  consequent  liability  of  the  turret  to  become  jammed. 

The  following  are  a  few  of  the  leading  dimensions : — Length  between 
perpendiculars,  225ft. ;  breadth,  35ft.  6in. ;  depth,  20ft.;  draught  (loaded), 
16ft. ;  tonnage,  1,400  B.M. ;  armament,  4  12-ton  guns  (or  300  pounders)  ; 
armour,  6m.  plate  on  lOin.  teak  backing. 

The  engines,  which  are  of  400  horse-power,  driving  a  single  screw,  were 
constructed  by  Messrs.  Bavenhill,  Hodgson,  and  Co.,  and  a  speed  of  13£  to 
14  knots  is  anticipated. 

A  second  vessel  of  the  same  tonnage  and  design  is  being  built  on  the 
Thames  by  Messrs.  Samuda,  Bros.,  and  will  be  launched  very  shortly.  Her 
engines  are  also  of  400  horse-power,  by  the  same  makers  (Messrs.  Raven- 
hill,  Hodgson,  and  Co.),  the  only  difference  being  that  she  is  a  twin  screw.. 
This  will  consequently  be  an  excellent  opportunity  for  testing  the  relative 
merits  of  the  twin  screw  system  as  compared  with  the  older  plan. 
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KEVIVAL  OF  SHIPBUILDING  AND  ENGINEERING  AT 
NORTHFLEET. 

On  the  8th  nit.,  we  had  the  pleasure  of  being  present  at  an  event  which, 
though  comparatively  speaking  of  no  great  importance  in  itself,  may  still 
be  looked  upon  as  indicating  a  revival  of  shipbuilding  and  engineering 
enterprise  at  Northfleet — we  refer  to  the  occasion  of  aa  inaugural  launch 
from  the  shipbuilding  yard  of  Messrs.  Allibon,  Noyes,  and  Co.,  of  an  iron 
screw  steamer,  intended  for  the  combined  purposes  of  cargo  and  towing. 
The  daj's  programme  also  included  the  trial  of  Messrs.  Allibon  and 
Manbre's  patent  veitical  annular  boiler,  and  the  working  of  a  pair  of 
horizontal  engines,  constructed  for  the  Government  of  Peru.  The  Rosher- 
ville  iron  works  are  situate  about  five  minutes'  walk  west  of  the  Rosherville 
Pier,  immediately  adjoining  the  site  of  the  once  celebrated  Northfleet 
Dockyard.  The  works  have  only  been  fairly  started  during  the  last  six 
months ;  we  were  consequently  scarcely  prepared  to  see  the  progress  which 
has  been  made  in  such  a  short  time,  and  it  is  to  be  hoped  that  the  venture 
will  be  successful,  and  that  engineering  and  shipbuilding  will  be  prosperous, 
where  for  a  long  time  the  trade  has  lain  dormant.  The  vessel  lauuched 
was  named  the  Yquitos,  out  of  compliment  to  the  Peruvian  Government 
for  whom  Messrs.  Allibon  and  Noyes  have  executed  some  extensive  works, 
by  the  direction  of  Daniel  Clark,  Esq.,  chief  engineer  to  the  Government 
of  Peru.  Yquitos,  we  may  add,  is  the  name  of  a  town  in  the  interior  of 
the  country;  the  seat  of  the  Government  engineering  works.  The  vessel 
was  christened  by  Madame  de  la  Quintana,  wife  of  the  consul-general  in 
England  of  the  Peruvian  Government.  The  Yquitos  is  fitted  with  four 
water-tight  bulkheads,  and  although  she  has  been  modelled  with  a  view 
to  obtaining  high  speed,  there  is  internally  a  roomy  capacity  for  cargo- 
carrying. 

The  following  are  some  of  the  principal  dimensions  : — Length  (between 
perpendiculars)  65ft- ;  breadth  moulded,  12ft.  6in.;  depth,  7ft.;  draught 
(light)  3ft.  6in.  forward,  and  5ft-  6in.  aft;  carrying  capacity,  25  tons; 
tonnage  (o.m.)  47£±.  The  frames  are  spaced  21in.  apart  throughout;  there 
are  four  bulkheads,  and  the  bulwarks  tumble  home  at  an  angle  of  30°,  as 
it  is  found  by  experience  that  these  aro  very  liable  to  damage  when  going 
alongside,  or  pushing  through  other  craft,  if  made  straight.  The  engines 
are  of  the  direct  acting  inverced  cylinder  class  of  30-horse  power  nominal 
supplied  by  two  boiler3  (Allibon  and  Manbre's  patent,  a  drawing  and 
description  of  which  will  be  found  in  the  present  number  of  The  Aetizan), 
which  are  intended  to  work  at  a  pressure  of  1201bs  per  square  inch,  and  are 
supplied  by  a  small  donkey  engine. 

A  sister  vessel  to  the  Yquitos  is  nearly  finished,  and  will  shortly 
be  launched.  The  pair  of  stationary  engines,  which  appeared  very  well 
finished,  are  of  the  collective  power  of  25  horses  nominal.  The  diameter 
of  the  cylinders,  two  in  number,  13i  inches,  and  the  length  of  stroko 
2ft.  'tin.  They  aro  fitted  with  variable  self-adjusting  cut-off  valves,  de- 
signed by  Mr.  George  Allibon,  for  driving  machinery  where  the  load  is 
constantly  varying,  such  as  in  the  case  of  saw-mills,  pi-inting  machines, 
&c.  They  are  supplied  with  steam  from  one  of  Messrs.  Allibon  and 
Manbre's  paten;  inular  boilers,  6f'c.  in  diameter,  and  14ft.  high 

containing  300  feet  of  heating  surface. 
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ON  THE  OUTFALL  OF  THE  BTUMBBB. 

By  Mr.  W.  Siiklfokd,  M.  Inst.  C.E. 

The  estuary  was  described  at  the  outlet  for  the  fresh  waters  from  a  drainage 

area  of  10,600  square  miles,  or  one-fifth  of  the  whole  area  of  England ;  bnl  the 

n  paper  only  treated  of  the  outfall,  the  observations  being  arranged  under 

four   I: 

I.  The  facta  in  connection  with  the  past  and  present  condition  of  the  outfall 
and  of  iN  peculiar   featnn — Spurn  Point    Under  t  li i -:  head  the  dl 

Hid  '•  'illy  "t  diluvial  chalk,  of  which  the 

snrfai  ed  to  be  below  the  bedoi  the  river  at  in  outfall,     The  i 

'•I  the  marshes  ami  tbefena  adjoining  the  ■  I  their  levels  wen 

.and  it  wasshown  thai  the  area  of  the  reclaimed  land  below  high  water 
spring  tides  at    ee  v. .  mil.  ,  while  the  present  ana  ol    i: 

at  high  water  was  only  iin  iquare  mil        I  also  ihown  that  the  m 

banks  were  generally  repaired  in  the  thirteenth  century,    The  waste  of  the 
Holderness  coast,  from  Bridlington  touthwards,  wi 

per  annum,  and  it  was  inferred  thai  i1**'  yean  ago  tin-  ooasl  lino  ma  t  have 
beenatleasl  2,260  yards  farther  i  .  thoughl  possible,  thai   th< 

xnontory  might  then  have  had  a  short  point,  with  an  ebo  channel  and  a 

roadsteadcl toil,  and  thai  here  the   Dun,  landed  In  A.D.  807.    Ben 

gradually  rose  the  town  of  Ravenser,  which  was  one  ol  tin'  most  il  mri 
ports  of  the  kingdom  in  the  fourteenth  « M  nt.u;. .     In  I860,  «  outlying  haralot 


of  this  town,  called  Ravenser  Odd,  originated.  It  was  upwards  of  a  mile  distant 
from  the  mainland,  and  the  access  to  it  was  from  Ravenser  by  a  sandy  road 
scarcely  elevated  above  the  sea.  In  1289,  the  Grimsby  people  claimed  certain 
privileges  there,  calling  it  an  island,  and  probably  basing  their  claims  upon  its 
previous  insular  character.  In  1860,  Ravenser  Odd  was  totally  annihilated  by 
the  floods  of  the  Humber  and  inundatious  of  the  great  sea.  The  last  mention 
of  Ravenser  itself  was  in  1552. 

In  1622,  it  had  beeu  said  that  "  parcel  of  the  Spurnhead,  which  before  did 
adhere  to  the  continent,  was  torn  therefrom  by  the  sea,  and  is  now  in  the 
nature  of  an  island."  In  1676,  Angell's  lights  were  authorised,  in  consequence 
of  a  broad  long  sand  which  had  been  thrown  up  at  the  mouth  of  the  Humber 
six  or  seven  months  before.  Smeaton  thought  that  this  sand  had  afterwards 
become  connected  with  the  mainland,  and  so  formed  the  Spurn  Point  of  his 
day. 

The  author  proceeded  to  state  that  Sunk  Island  was  spoken  of  as  a  novelty 
in  1667,  and  was  described  as  an  accumulation  of  sand  and  mud,  also  that 
Frismersh,  or  Fresh  Marsh,  formerly  occupied  its  site,  and  was  destroyed  soon 
after  1362. 

The  leading  features  of  the  outfall  were  then  pointed  out,  as  shown  by  the 
following  charts,  of  which  cartoons  were  exhibited,  viz.,  Greenville  Collins' 
Chart  of  1684,  Robert  Mitchell's  of  1778,  Hewett's  of  1828,  and  Calver's  of  1852. 
According  to  Smeaton,  "Spurn  Point  was  a  necessary  appendage  to  the  cliffs  of 
Holderness,  and  was  in  a  continual  state  of  travel  southward  and  westward :  the 
southward  movement  being  accompanied  by  a  corresponding  encroachment  of 
the  river  on  the  Lincoln  Coast,  and  the  westward  movement  by  the  abrasion  of 
the  coast  of  Holderness  by  the  sea."  It  appeared  from  these  charts,  that 
seaward  of  Spurn  a  large  accumulation  of  shiugle  had  taken  place,  and  that 
on  the  Humber  side  extensive  accretions,  including  Sunk  Island,  had  formed. 
Also,  that  the  main  flood  stream  set  in  to  the  south  of  the  Bull  sand,  and 
the  ebb  stream  set  out  to  the  north  of  it. 

The  southward  movement  of  Spurn  was  shown  to  have  varied,  and  to  have 
been  as  follows : 


1676  to  1766 

20  vards  per  annum 

1766  „  1771 

66   „ 

1771  „  1786 

10   „ 

1786  „  1851 

4.7  „ 

1851  „  1861 

8-7  „     „ 

The  westward  movement  was  shown  by  the  history  of  the  lighthouses  to  have 
averaged  3  yards  per  annum  since  1771.  It  was  also  stated  that  since  1863  an 
attempt  had  been  made  to  arrest  this  movement,  and  the  danger  of  so  doing 
was  pointed  out. 

II.  The  ascertained  alterations  in  the  tidal  regime.  Under  this  head  evidence 
was  offered  to  prove,  that  the  tidal  range  of  the  Hnmber  at  Hull  increased  3ft. 
between  1852  and  1828,  and  2ft.  between  1828  and  1725,  making  5ft.  since 
1725  ;  and  if  the  increase  had  been  continuous  since  the  rise  of  4ft,  recorded  to 
have  taken  place  about  1357,  it  would  make  a  total  increase  of  Oft.  in  about  600 
years.  Evidence  was  also  offered,  which  was  considered  sufficient  to  justify  the 
general  conclusion,  that  the  tidal  capacity  of  the  Humber  below  low  water  had 
increased  between  1828  and  1852. 

III.  The  relative  value  of  tidal  and  fresh  water  at  the  outfall.  After  demon- 
strating that  the  discharge  of  a  great  flood  from  the  drainage  area  would  only 
equal  a  fourth  of  the  tidal  capacity,  the  author  expressed  the  opinion,  that 
whilst  there  was  a  wide  field  open  to  any  one  wdio  would  undertake  the  in- 
vestigation of  the  phenomena  connected  with  the  .discharge  of  so  large  a  volumo 
of  fresh  water  as  that  which  pulsated  through  the  Humber  to  the  sea,  yet  at 
the  outfall  there  were  other  forces  at  work,  of  sufficient  magnitude  to  throw  into 
shade  the  effect  produced  by  occasional  freshes  acting  directly  upon  it. 

IV.  The  relation  of  the  operations  of  nature  and  of  engineering  works  to  the 
facts  recorded,  licoadly  stating  that  the  tidal  action  of  the  estuary  had  im- 
proved, notwithstanding  the  encroachments  upon  its  tidal  ana,  t lit*  author 
endeavoured  to  deduce  the  cause.  He  considered  that  in  .Ni>7  tin'  area  at  high 
water  must  have  been  much  greater  and  the  depth  less  than  at  present,  that  the 
south  Hood  tide  and  the  north  ebb  tide  would  together  produce  a  sand  like  the 
Dull  sand,  which  would  accumulate  till  it  became  an  island,  bul  as  the  flood 
channel  opened,  the  ebb  channel  would  become  weaker,  and  would  be  eventually 
closed  by  the  shingle  from  the  olifft  of  Holderness,  and  that  Bpurnhead  was  in 
this  state  in  1260,  when  Ravenser  odd  originated,     lie  believed  that  the  oon- 

il  eonl  rait  ion  of  the  I  ni  ranee,  combined  witli  tlic  accretions  in  the  llunihcr 

and  the  repairs  of  the  marsh  ban  1  ,  raised  the  high  water 

;  the  estuary,  and  depressed  the  low  water  level,  and  that  Until  Ivavrusrr 
Odd  anil  Freslimar-h  were  destroyed  by  the  improved  ti  ■  The  de- 
struction ot'  Ravenser  itself  was  attributed  to  n  the 

Holdernesa  ooast,  andwas  supposed  to  have  been  accompanied  by  the  outflank" 

Spurn  Point,  wbioh  had  been  yed  bj    this  means.     Ii  wasnoinb  1 

be  Spurnhead  was  again  mi  island  in  1689,  and  in  turn  again  Moanu 

a  promontory,  as  the  flood  channel  travelled  and  the  ebb  channel 

ml   thai    the  old  action  was   hem  pre- 

sent tune;   the  Kull     and   was   the   i   land,   1ml  I  he  est  iUi  ■■. 

and  the  forces  al  work  aid   nol   i       to  the  level  ol  low 

water,    It  was  also  said  thai  the  sea  oontinued  to  encroaoh  on  Holderness,  and 
would  in  the  present  state  of  tin               ■  ntflank  the  Spurn 

In  conclusion  the  author ateted  ili.it  the  low  water  obai  Ball  won 
now  comparative]  and  confined, and  thi  i  "»s 
therefore  be!  rat  bul  thai  the  oh  mm  i  a  i  well- 
ing southward.,  and  I  he  shinglo  was  still  en  leuVOUring  to  closo  the  estuary. 
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A  DESCRIPTION  OF  THE  LOW  WATER  BASIN  AT  BIRKENHEAD. 
By  Mr,  J.  Eilacoit,  M.  Inst.  CE. 

In  this  communication  a  description  was  given  of  the  plans  sanctioned  by 
Pailiament  in  1844  and  in  1853  for  the  construction  of  the  Low  Water  Basin, 
which  was  intended  chiefly  as  a  deep  water  access,  and  as  a  resort  and  refuge 
for  shipping  in  the  Mersey  at  all  states  of  the  tides.  The  site  fixed  on  for  the 
Basin  was  at  the  mouth  of  Wallasey  Pool,  on  the  Cheshire  side  of  the  river, 
nearly  midway  between  the  ferry  landing-places  of  Woodside  and  Seacombe ; 
and  the  depth  to  which  it  was  to  be  excavated  was  20ft.  9in.  below  the  Old 
Dock  Sill,  the  datum  level  of  the  port,  or  12ft.  lin.  below  low-water  ordinary 
spring  tides,  thereby  affording  accommodation  for  vessels  of  moderate  draught 
at  all  times.  It  was  proposed  to  maintain  the  Basin  at  its  proper  depth  by 
the  frequent  discharge,  through  sluices,  of  water  from  a  large  dock,  or  reservoir, 
called  the  Great  Float,  having  an  area  of  150  acres,  immediately  behind. 
Allusion  was  then  made  to  the  mode  of  constructing  the  sluices,  to  the  views 
that  were  expressed  with  regard  to  their  action,  and  to  the  effect  that  it  was 
anticipated  would  be  produced  by  the  scour  through  the  Basin. 

In  1858  the  Birkenhead  Dock  Estate  became  the  property  of  the  Mersey 
Docks  and  Harbour  Board,  and  by  that  body,  under  the  powers  of  an  Act  of 
Parliament  obtained  in  the  same  year,  the  Dock  Works  at  Birkenhead,  includ- 
ing the  Low  Water  Basin,  had  since  been  completed.  The  Basin,  as  constructed, 
was  1750ft.  in  length,  300ft.  in  width  at  the  mouth,  and  400ft.  wide  at  the 
extreme  end.  The  area  was  14  acres,  and  the  depth  12ft.  4in.  below  low-water 
ordinary  spring  tides.  In  a  recess  on  the  southern  side  was  a  landing  stage, 
1000ft.  long,  with  two  bridges  leading  to  the  quay.  A  lock  passage,  50ft.  in 
width,  formed  the  water  link  for  vessels  between  the  Basin  and  the  Great 
Float.  By  the  provisions  of  the  Act,  the  depth  of  the  Basin  was  to  be  main- 
tained by  sluices  of  not  less  than  800ft.  sectional  area,  communicating  with, 
and  drawing  water  from,  the  Great  Float.  The  dam  within  which  the  sluices 
and  lock  entrance  at  the  head  of  the  Basin  were  built,  occupied  to  a  large  extent 
the  site  of  the  old  channel  of  Wallasey  Pool,  consisting  of  soft  and  spongy 
deposit,  and  the  ground  had  therefore  to  be  piled  over  nearly  the  whole  of  the 
area,  amounting  to  about  3  acres..  A  description  of  the  piling  was  then  given, 
as  well  as  of  the  means  adopted  to  cut  off  any  sub-communication  between  the 
Great  Float  and  the  Low  Water  Basin. 

The  sluicing  arrangements  consisted  of  two  chambers,  or  passages,  each  30ft. 
wide,  furnished  with  gates ;  the  chambers  terminating  in  a  system  of  sluices,  ten 
in  number,  on  each  side  of  the  lock  entrance.  On  the  outside  of  the  sluices 
and  within  the  Basin,  a  stone  apron,  80ft.  in  width,  was  laid.  The  leading 
channel  of  each  sluice  was  8ft.  in  height  by  5ft.  2in.  in  width,  giving  a  sec- 
tional area  of  41ft.  4in.  for  each  sluice,  or  a  total  area  for  the  twenty  sluices 
of  826  feet  8  inches.  The  sluicing  orifices  were  constructed  so  as  to 
cause  the  water  to  flow  from  them  as  nearly  in  the  form  of  a  continuous 
sheet  as  a  due  regard  for  the  stability  of  the  structure  would  permit.  The 
paddles  in  the  sluices  were  of  greenheart  timber,  and  hydraulic  power  was 
applied  for  the  purpose  of  raising  and  lowering  them.  In  addition  to  these 
sluices  two  large  culverts,  each  7ft.  high  by  6ft.  wide,  were  constructed  within 
the  walls  on  the  north  and  south  sides  of  the  Basin.  These  culverts  termi- 
nated at  the  pier-heads  in  a  group  of  small  outlets,  and  were  intended  to 
remove  any  .deposit  that  might  lodge  about  the  wings  of  the  entrance  to  the 
Basin. 

Reference  was  then  made  to  the  several  accidents  that  had  occurred  prior  to 
the  commencement  of,  and  during  the  sluicing  operations,  including  the  bursting- 
in  of  the  temporary  dam  at  the  mouth  of  the  Basin,  and  the  carrying  away 
of  the  gates  of  the  30ft.  chambers.  The  first  sluicing  trial  was  at  low  water  of 
the  morning  tide  on  the  20th  January  1864,  and  the  last  on  the  15th  Novem- 
ber of  the  same  year.  The  appearance  of  the  Basin  while  the  sluices  were  in 
operation  was  next  described.  The  condition  of  the  water  on  first  leaving  the 
sluices  was  that  of  a  rushing  torrent  of  white  foam.  Commencing  on  one  side 
of  the  Basin,  the  lines  of  direction  of  the  current  tended,  with  a  boiling,  tumb- 
ling motion,  towards  the  opposite  side  from  whence  they  set  out.  In  their 
course  towards  the  river,  the  tendency  was  to  oscillate  from  side  to  side,  form- 
ing for  the  most  part  a  series  of  long  curved  lines.  While  the  main  current, 
increasing  in  breadth  as  it  approached  the  river,  would  be  running  in  a  series 
of  bends  at  the  rate  of  8  miles  and  upwards  an  hour,  the  intervening  portions 
would  be  moving  slowly  and  regularly  in  various  directions.  Sometimes,  at 
the  close  of  the  operations,  the  current  would  gradually  reverse  itself,  and 
finally  set  into  the  Basin  for  a  short  distance,  at  an  estimated  rate  varying 
from  half  a  knot  to  two  knots  an  hour.  Very  soon  after  the  sluicing  had  com- 
menced the  colour  of  the  water  would  be  seen  to  change ;  a  dark  brown  cloud 
would  rise,  and,  moving  slowly  with  the  rolling  mass,  would  gradually  extend 
itself  to  the  mouth  of  the  Basin  and  out  into  the  river.  It  was  also  observed, 
that,  at  a  distance  of  about  150ft.  from  the  head  of  the  Basin,  a  cross  mouud  of 
water  would  rise  from  12in.  to  18in.  higher  than  the  natural  level,  and  would 
fall  off 'with  a  long  slope  on  the  opposite  side,  caused  apparently  by  the  impetus 
of  the  outflowing  water  driving  on,  and  heaping  up  the  still  water  with  which 
it  had  come  into  sudden  contact.  The  disturbance  of  the  water  was  very  great, 
and  nothing  afloat  could  live  in  the  Basin  while  the  sluices  were  in  operation. 
On  the  second  occasion  of  running  the  sluices,  the  paddles  on  the  north  side 
had  to  be  promptly  closed,  on  account  of  the  breaking  away  from  her  moorings 
of  a  wrecked  vessel  of  1,400  tons,  which  had  been  allowed  to  enter  and  take  the 
ground  in  the  Basin. 

From  the  sections  taken  across  the  Basin  after  every  set  of  trials,  it  was  soon 
discovered  that  a  portion  of  the  bottom,  immediately  beyond  the  stone  apron, 
was  being  gradually  washed  out,  and  by  the  22nd  of  August  a  hole  6ft.  in 
depth  had  thus  been  formed.  All  attempts  to  fill  up  and  reduce  this  hole,  by 
discharging  rubble  stone  into  it,  were  ineffectual ;  and  after  the  last  trial  of 
the  sluices,  it  was  found  that  the  sheet  piling  in  front  of  the  hole  was  bare  on 


the  face  to  a  depth  of  4ft.,  sloping  down  suddenly  to  a  depth  of  9ft.  below  the 
finished  bottom  of  the  Basin.  The  piling  had  also  parted  from  the  masonry  of 
the  apron,  leaving  a  space  between  the  stone  work  and  the  pile-heads  of  from 
3  to  9in. 

On  the  23rd  November  the  water  was  pumped  out  of  the  north  chamber,  and 
an  examination  shewed  that  the  masonry^  therein  had  sustained  considerable- 
damage.  The  side  walls  and  upper  portions  of  the  interior  were  uninjured, 
but  a  large  quantity  of  the  floor  immediately  at  the  back  of  the  sluices  had  been 
torn  up,  and  the  concrete  and  pile-heads  laid  bare  in  several  places.  A  subse- 
quent examination  of  the  channel  leading  to  the  south  sluices  shewed  that  similar 
damage,  though  not  to  the  same  extent,  had  taken  place  in  the  floor  of  that 
chamber. 

It  was  stated  that,  in  the  interval  between  the  breaking-in  of  the  temporary 
dam  and  the  commencement  of  sluicing,  a  deposit  had  accumulated  over  the 
bottom  of  the  Basin  averaging  32in.  in  thickness,  and  records  were  quoted 
showing  the  result  of  the  sluicing  operations,  extending  over  a  period  of  ten 
months  in  1864,  whereby  the  deposit  had  been  reduced  to  a  thickness  of  14in„ 
It  was  further  explained  that,  in  stating  the  thickness  of  the  deposit  lemain- 
ing  after  the  several  trials,  no  notice  was  taken  of  the  depth  found  below  the 
level  of  12ft.  4in.,  which  was  in  some  places  considerable,  especially  immediately 
in  front  of  the  apron.  Had  these  extra  depths  been  included,  the  minimum 
average  thickness  of  the  deposit  would  have  been  4in.  only.  The  quantity  of 
material  removed  was  thus  shown  to  be  an  amount  represented  by  an  average 
depth  over  ihe  basin  of  28in.  One  inch  in  depth  contained  1850  cubic  yards, 
and  therefore  the  whole  depth  of  28in.  was  equivalent  to  a  total  quantity  of 
51,800  cubic  yards.  But  in  addition  to  this  amount,  there  was  also  to  be  taken 
into  account,  the  daily  quantity  carried  into  the  Basin  by  the  recurring  tides 
during  the  forty-three  weeks  the  sluicing  operations  were  continued.  An  esti- 
mate might  be  formed  of  this  quantity  by  observing  that,  from  the  time  of  the. 
breakiug-in  of  the  dam  to  the  commencement  of  the  sluicing,  there  was  an  in- 
terval of  thirty-one  weeks,  and  during  that  period  the  accumulation  of  deposit 
was  32in.  in  depth,  representing  a  total  quantity  of  59,200  cubic  yards.  Deduct- 
ing from  this  quantity  20,000  cubic  yards,  which  was  estimated  to  have  been, 
carried  in  with  the  wreck  of  the  dam,  there  remained  a  total  accumulation  of 
39,200  cubic  yards  for  the  thirty-one  weeks,  or  an  average  deposit  of  1264 
cubic  yards  per  week.  There  was  reason  to  believe  that  the  actual  deposit  was 
somewhat  greater  than  this ;  but  assuming  it  to  have  been  no  more,  then  the 
total  deposit  due  to  the  tides  for  the  forty-three  weeks  would  be  54,300  cubic 
yards,  which,  added  to  the  original  deposit  would  amount  in  the  whole  to  a 
total  quantity  of  106,100  cubic  yards. 

The  number  of  times,  or  days,  on  which  the  sluices  were  run  was  fifty-six,  and. 
the  aggregate  duration  of  the  operations,  including  the  time  occupied  in  opening 
and  closing  the  paddles,  was  22f  hours.  The  largest  body  of  water  run  out  of 
the  Great  Float  at  one  time  reduced  it  in  depth  5ft.  3in.,  while  the  total 
quantity  run  off  during  the  ten  months  was,  as  nearly  as  could  be  ascertained 
upwards  of  8,000,000,000  gallons.  Some  difficulty  was  experienced  in  arriving 
at  the  quantity  of  water  run  off,  owing  chiefly  to  the  long  oscillating  wave  that 
came  into  play  immediately  the  sluices  were  closed.  Ihe  extreme  length  of  the 
Float  was  nearly  2  miles,  and  when  once  the  flow  from  it  commenced,  a  current 
was  established  throughout  the  whole  of  its  length.  The  sudden  check  in  the 
flow,  by  the  closing  of  the  paddles,  caused  a  rise  in  the  water  against  the  wall 
of  the  Float  nearest  the  sluices  of  12  or  15in.  above  the  previous  level,  produc- 
ing the  wave  which  afterwards  began  to  roll  back  to  th«  farther  end  of  the- 
Float,  to  return  and  roll  back,  again  and  again,  with  lessening  volume  for  up- 
wards of  an  hour  until  entirely  spent. 

The  form  was  then  given  in  which  the  record  of  the  sluicing  operations  for 
one  month  was  registered,  and  for  this  example,  the  calculated  velocity  through, 
the  sluices,  for  the  highest  and  lowest  mean  heads  of  water,  was  stated.  It 
soon  became  evident,  during  these  operations,  that  the  running  of  the  water  was 
attended  not  only  with  much  inconvenience  and  hindrance  to  business,  but  that 
a  considerable  amount  of  danger  was  also  incurred.  The  rapid  lowering  of  the 
water  in  the  Great  Float  was  highly  objectionable.  The  Basin  had  to  be  cleared 
of  vessels  when  the  sluices  were  to  run,  and  delay  arose  at  times  on  this 
account.  The  injury  to  the  chambers  showed  the  dangerous  nature  of  the 
operations,  for  it  indicated  a  tendency  to  destroy  the  foundations,  and,  by  form- 
ing a  sub-communication  between  the  Great  Float  and  the  Low  Water  Basin, 
to  lead  to  the  ultimate  destruction  of  a  great  portion  of  the  works. 

But  notwithstanding  the  numerous  drawbacks  connected  with  the  system,  it 
was  apparent  that  the  sluicing  was  capable  of  maintaining  the  Low  Water 
Basin  its  proper  depth.  It  was  proved  to  be  capable  of  doing  more  than  that, 
for  at  the  time  the  operations  commenced  a  deposit  of  32in.  in  thickness  had. 
accumulated,  and  at  the  end  of  ten  months,  when  the  scour  had  operated  with 
more  or  less  regularity  through  fifteen  sets  of  spring  tides,  the  deposit  had  been 
reduced  to  14in.,  leading  to  the  conclusion  that,  when  the  primary  level  had 
been  once  reached,  a  less  amount  of  scouring  power  would  have  sufficed  to  main- 
tain the  required  depth. 

It  was,  therefore,  not  on  the  ground  of  inability  to  maintain  it  at  its  proper 
depth,  that  the  closing  of  the  Low  Water  Basin  and  its  conversion  into  a  Wet 
Dock  was  determined  on.  The  principal  reasons  for  adopting  this  course  might 
be  gathered  from  what  had  been  already  stated,  and  it  was  not  until  after 
much  consideration  by  the  Mersey  Board,  and  long  negotiations  with  Railway 
Companies  and  other  public  bodies  interested  in  the  welfare  of  Birkenhead,  that 
the  authority  of  Parliament  for  the  abandonment  of  this  great  work  was  sought 
and  obtained. 

After  quoting  the  Act  of  1866,  authorising  the  shutting  up  of  the  Low 
Water  Basin  and  its  conversion  into  a  Wet  Dock,  the  author  remarked  that  no 
specific  time  was  mentioned  for  carrying  out  the  work ;  meanwhile  the  Basin 
was  gradually  silting  up,  as  soundings  taken  since  the  close  of  the  sluicing 
operations,  the  last  being  in  November,  1867,  gave  an  average  depth  over  the- 
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Basin  of  2ft.  4in.  below  low-water  ordinary  spring  tides.  The  average  of  all 
depths  in  November,  1864,  when  the  sluicing  operations  terminated,  was  12ft., 
and  these  latest  soundings  showed  that  in  three  years  the  deposit  had  increased 
9ft.  8in.,  or  at  the  rate  of  nearly  39in.  per  annum,  being  an  average  accumula- 
tion of  about  J  of  an  inch,  or  1387  cubic  yards,  per  week. 

The  total  capital  expenditure  on  the  Low  Water  Basin,  including  the  sluicing 
appliances,  the  50ft.  lock,  and  the  landing  stage,  was  £470,252,  The 
estimate  for  inclosing  the  Basin  and  forming  it  into  a  Wet  Dock  was  £122,000. 

The  paper  concluded  with  some  particulars  as  to  the  prevailing  winds  at  Liver- 
pool, and  as  to  the  soundings  taken  at  different  times  in  the  River  Mersey 
between  Liverpool  and  Birkenhead. 

The  discussion,  which  was  commenced,  was  adjourned  to  the  first  meeting  of 
the  Institution  after  the  recess. 


The  second  paper,  which  was  necessarily  read  in  abstract  from  the  nature  of 
the  subject,  was  "  On  the  present  state  of  Knowledge  of  the  Strength  and  Resis- 
tance of  Materials,"  by  M.  Jules  Gaudard,  Civil  Engineer,  Lausanne. 

The  author  stated,  in  his  introductory  remarks,  that  the  theory  of  thestrength 
and  resistance  of  materials  was  closely  connected  with  that  of  molecular 
mechanics.  Hut  being  a  branch  of  that  science  altogether  of  practical  application, 
it  required  only  to  borrow  from  scientific  theories  the  principles  on  which  to 
base  rules  of  construction,  simple  enough  to  be  of  general  application  and  yet 
sufficiently  exact  to  be  used  with  confidence.  The  formula;  of  strength  brought 
into  view,  on  the  one  hand,  the  destructive  action  of  external  forces,  and,  on  the 
other  hand,  the  resisting  power  of  the  molecules  of  the  material.  External  forces 
were  of  two  kinds  :  one  kind  comprised  elements  directly  given,  such,  for  example, 
as  weights  ;  the  other  kind  consisted  of  reactions — functions  of  given  forces.  In 
certain  cases  these  reactions  might  easily  be  found  by  the  science  of  statics 
alone,  as,  for  example,  in  the  case  of  a  beam  placed  on  two  supports  ;  in  other 
esses  they  would  depend  on  the  changes  of  form  of  the  solid.  It  was  this,  for 
example,  which  caused  the  difficulty  of  calculation  in  arches  and  in  continuous 
beams  of  several  spans.  Or,  lastly,  it  might  happen  that  the  body  in  question 
might  not  be  in  a  state  of  equilibrium,  but  tliat  its  particles  might  oscillate 
under  variable  dynamic  influences,  or  forces  of  inertia.  This  was  the  case  of 
concussions,  vibrations,  &c.  These  various  external  forces  being  determined,  it 
would  easily  be  seen  if  they  tended  to  cause  certain  parts  of  the  solid  to  elongate, 
or  to  shorten,  or  to  shear,  or  to  turn  round  certain  axes.  These  various  effects, 
extension,  compression,  sliding,  torsion,  flexure,  might  further  manifest  them- 
selves separately,  or  might  combine  with  each  other.  Under  the  action  of 
these  forces,  the  body  would  necessarily  be  changed  in  form  ;  for  solids  perfectly 
rigid  were  only  pure  abstractions.  The  study  of  strength,  or  resistance,  had  to 
do  with  the  power  which  the  solid,  according  to  its  physical  constitution,  pos- 
sessed to  maintain,  if  not  its  form,  at  least  the  cohesion  of  its  parts. 

The  author  then  proceeded  to  consider  the  forces  of  various  kinds  to  which 
materials  were  subjected,  Buch  as  extension,  compression,  sliding,  flexure,  torsion, 
and  Shearing  ;  and  iii  reference  to  all  these,  he  gave  the  results  and  formula;  of 
the  most  modern  investigations  :  expressing  them  at  such  length  as  to  make 
them  intelligible,  but  with  sufficient  conciseness  to  bring  them  within  reasonable 
limits  of  space. 

In  conclusion,  it  was  remarked  that  the  theory  of  the  strength  and  resistance 
of  materials  touched  obscure  problems  relating  to  the  physical  constitution  of 
bodies,  and  yet  its  practical  character  obliged  it  to  he  simple.  Another  motive, 
■bo,  justified  the  departure  from  rigorous  exactness,  that  was,  the  irregularity 
ot  the  material  facts  ;  if  it  was  good,  in  effect,  to  associate  mathematical  science 
with  physical  phenomena,  it  was  incontestable  that  these  two  elements,  one 
always  logical,  the  other  frequently  capricious,  were  often  separated  from  each 
other. 

In  spite,  however,  of  these  imperfections,  the  theory  of  the  strength  and 
resistance  of  materials  in  its  present  state  constituted  an  elegant  and  useful 
doctrine,  which  ought  to  be  better  known  by  the  majority  of  constructing 
engineers,  so  much  did  it  tend  to  impress  boldness  and  elegance  on  designs  of 
all  kinds.  In  any  case  the  theory,  imperfect  though  it  might  be,  had  the  great 
advantage  of  generalising  facte.  Empiricism,  if  left  to  itself,  would  encumber 
the  science  o  I  construction  with  amass  of  rules,  without  reason  or  connection, 
well  calculated  to  repel  and  mystify  practical  men. 

It  was  stated  that  M.  Gaudard's  paper  would  within  a  short  period  be  printed 
I  iinso,  and  would  be  distributed  among  such  Members  of  the  Institution 
as  might  be  interested  in  the  subject,  with  a  view  to  its  discussion  early  next 
session. 


At  the  last  Monthly  Ballot  of  the  Session  the  following  Candidates  were 
balloted  for,  and  declared  to  be  duly  elected,  Associates,  viz.: — Messrs.  J.  11. 
Abbey,  E.  1!.  Carroll,  .J.  Farrar,  F.  Garrett,  H.  X.  (.arrett,  J.  llowaid,  M.P., 
H.  E.  Jones,  T.  Miller,  F.  Peck,  II.  M.  Simons,  and  J.  Williams. 

At  the  meeting  of  this  Institution  on  Tuesday,  the  4th  ult.,  Mr.  Tims. 
Hawkslcy,  Vice-President,  in  the  Chair,  the  following  candidate*  were  balloted 

for,  and  declared  to  be  duly  elected,  including  Dint  Membi  r$,  viz.  i — Mr.  Valen- 
tine (frame  Bell,  late  Resident  Engineer,  Hon)  t.'enis  Railway  ;  Mr.  Valentine 
Browne,  Bngineer-in-Cbief  of  the  Northern  District  of  the  Qreal  Bonthern  and 
Western  Itailway  of  Ireland;  Mr.  Benjamin  Shaw  Brundell,  Doncaater  ;  Mr. 
James  Buchanan  F^ads,  Engineer  ol  tin'  Bt.  Louis  Bridge  Company,  Bl 
Missouri,  l.'.s.A. j  Mr.  Charles  Caulfeild  Fish*.  Resident  Engineer  ol  the  Bait 

and  West  Junction  Railway  ;  Mr.  George  Fisher,  Resident  Engineer  of  Ibe  fall 
Vale  and  other  Railways,  Cardiff  j  Mr.  Ferdinand  Wilbelm  wcghorel  Lfidere, 
Chief  Engineer  of  die  Copenhagen  Harbour  Improvements  \  Mr.  Richard  Mora- 
land,  jun.,  Old-street,  St.  Luke's  ;  and  Mr.  leinhanl  Bamuelson,  M.l'.,  Banbury, 
Eleven  gentlemen  were  elected  A$$ociittet,  viz.,  Mr.  James  Clark  Miinlen,  And.-i- 
Ston  Foundry  Company,  Glasgow  ;  Mr.  John  Collinson,  Chief  Engineer  of  tho 


West  Wisconsin  Railway,  U.S.A.  ;  Mr.  Edward  Gershom  Davenport,  Westmin- 
ster ;  Mr.  Albert  Chesterfield  Jenour,  Assistant  Engineer,  Harbour  and  Break- 
water Works,  Table  Bay,  Cape  of  Good  Hope  ;  Mr.  Henry  de  la  Poire  Murphy, 
Nautical  Assistant  to  the  Executive  Engineer,  Bombay  Defences ;  Mr.  John 
Noble,  Assistant  General  Manager  of  the  Midland  Railway  ;  Mr.  Frank  Bailey 
Passmore,  Locomotive  Department,  Mont  Cenis  Railway ;  Mr.  Thomas  Cheveley 
Rayner,  Sible  Hedingham,  Essex  :  Mr.  Alfred  TerTy,  Chesterfield ;  Mr.  Alfred 
Authorn  Wickenden,  late  Locomotive  Superintendent  of  the  Great  Indian 
Peninsula  Railway  ;  and  Mr.  John  Steddy  Winbolt,  M.A.  Assistant  Surveyor, 
Straits  Settlements,  Malacca. 

It  was  announced  that  the  Council,  acting  under  the  provisions  of 
Section  IV.  of  the  Bye-Laws,  had  recently  admitted  Messrs.  Andrew  Sherwill 
Busk,  James  Doull,  and  Charles  Preston  Gibbons,  as  Students  of  the  Insti- 
tution. 
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THE  SHEATHING  OP  IRON   SHIPS   WITH   COPPER,  CONSIDERED 
AT  THE  PRESENT  STAGE  OF  OUR  EXPERIENCE. 

By  John  Geasiham,  Esq. 

It  would  have  been  necessary,  under  other  circumstance?,  to  have  offered 
some  apology  for  bringing  before  the  meetings  of  this  institution  a  subject 
which  has  in  various  forms  already  engaged  their  attention  ;  hut  many  reasons 
have  caused  me  to  tax  jour  patience  by  again  asking  you  to  allow  it  to  come 
once  more  under  your  notice.  The  subject  itself  is  not  attractive,  and  it  re- 
quires some  courage  to  present  it  before  such  a  society  as  this.  The  best  argu- 
ment that  can  be  offered  for  its  reconsideration  is  that,  after  many  years  of 
agitation,  the  principle  now  to  be  referred  to  is  being  largely  adopted  in  Her 
Majesty's  navy  ;  and  the  time  which  I  have  been  so  long  and  anxiously  waiting 
for  has  arrived  when,  not  only  in  the  navy,  but  in  the  larger  vessels  of  the 
merchant  service,  this  system  will  probably   receive  the  attention  it  deserves. 

Happily  we  are  not  called  on  now  to  give  proofs  of  the  tendency  of  iron  ships 
to  foul,  or  the  amount  of  injury  sustained  by  it.  We  can  )afford  to  give  up 
many  things,  if  necessary,  to  attain  this  most  important  object — freedom  from 
fouling;  for  instance,  in  sheathing  an  iron  ship  with  wood  to  receive  the  copper, 
her  beam  is  increased  at  least  12in.  This,  however,  is  not  all  loss,  as  her 
displacement  is  increased  to  a  greater  extent  than  the  increase  in  her  weight 
so  that  she  draws  less  water.  But  when  it  is  shown,  as  it  can  easily  be,  that 
the  loss  of  power  in  an  iron  ship  by  the  foul  condition  of  the  hull  is  frequently 
one-half,  we  see  quite  enough  to  induce  us  to  overcome  much  more  serious  ob- 
jections than  those  which  have  been  brought  against  sheathing  the  ship  with 
wood  and  copper.  The  two  great  questions  arc  the  tendency  of  iron  ships  to 
become  foul,  and  their  liability  to  be  easily  pierced  when  in  contact  with  hard 
and  sharp  bodies.  So  great  was  even  the  latter  evil,  under  certain  circum- 
stances, that  it  is  said  only  one  of  the  numerous  iron  vessels  which  accompanied 
the  fleet  to  the  Baltic  in  the  Russian  war  escaped  without  having  a  hole 
knocked  in  her  bottom.  The  plan  which  has  been  recommended,  and  which  is 
now  to  be  explained  for  removing  one  of  these  evils,  is,  happily,  well  suited  to 
remove  or  ameliorate  the  other  evil.  The  application  of  a  heavy  timber  sheath- 
ing to  carry  the  copper  with  which  the  vessels  are  to  he  covered  interposes,  be- 
tween the  ship  and  any  hard  substance  with  which  she  may  come  in  contact, 
an  efficient  buffer  that  will  no  doubt  greatly  relieve  the  danger  of  the  plates 
being  penetrated.  A  history  of  the  leading  questions  upon  which  we  hive  based 
our  arguments  in  favour  of  this  system  may  be  interesting.  The  magnitude 
of  the  evil  to  iron  ships  by  their  tendency  to  foul  became  very  apparent  at 
least  thirty  yean  ago,  and  both  practical  men  and  our  leading  chemists  eagerly 
sought  for  remedies,  and  every  principle  which  has  from  that  time  to  this  been 
frequently  brought  forward  as  a  remedy  was  at  the  earliest  stages  fully  inves- 
tigated. Earing  witnessed  these  repeated  failures,  and  seeing  how  much  the 
introduction  of  large  ocean  steamers  was  retarded.  I  made  many  experiments  to 
ascertain  whether  copper  could  be  safely  employed  as  a  sheathing  for  iron  ships 
as  it  was  for  timber  Ones,   and  I  became  convinced    that    this   could  be  done. 

The  application  of  copper  to  iron  ships,  with  the  intervention  only  of  some 
adhesive  and  non-conducting  substance,  was  practicable,  but  not  efficient ;  the 
vessels  taking  the  ground,  or  the  most  ordinary  abrasion  of  the  surface,  would 
readily  displace  it,  and  serious  results  to  the  iron  plates  would  be  the  conse- 
quence. I  therefore  determined  to  recommend  the  intervention  of  a  timber 
sheathing,  to  which  the  coppei  could  he  nailed  in  the  ordinary  manner.  My 
first  difficulty  was  to  devise  a  plan  by  which  the  timber  could  be  attached  to 
the  ship  with  safety.    Many    attempts  bad   been  made  in  the  early  stages  of 

iron  shipbuilding  to  attach    timber  planking,   bilge  logs  and   false  keels,  exter- 
nally  to  the    iron    shell,   and    the   difficulty  of  making  sound  work   was  so  f  re - 

quentlj  '  thai   I  del  nol  venture  on  its  adoption;  the  effect  almost 

invariably  produced  waa  the  loosening  of  the  bolts  which  attached  the  wood, 

I,  as  I  believe,  by  the  unequal  action  of  the  two  materials  when  tbs  shin 

laboured  in  thi  u  i     Since  my  attention  has  been  more  closely  drawn  to  this 

Subject  anothei    Mures   from   win.  h  many  facts  could  bo  gleaned  has  sprung  up. 

publish    my    views    on    this   subject,    Mr. 
Jordan,  an   eminent  shipbuilder   in    Liverpool,    built    two   ships    upon  n    system 

now  public!)  known  as  the  composite  ship,    These  are  constructed  m  the  fol- 

A    C plete    framework    of   angle   iron  it  tirtl  produced,  to 

which  are  added  externally  an  iron  thou  itrake,  garboard   sti»ke,  «nd   other 

.  fastenings,  and  its  added    in    vine  catei  a  system  of 

diagonal  trussing :  a  complete  frame  being  thus  prepared,  timber  planking  is 

ud  led     i  •  or.  I  to  the  frsrnc  by  bolts  ;  theio  hsvo  generally  been  of  iron,  som<- 
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times  galvanised.  Sometimes  also  Muntz's  metal  and  even  copper  has  been 
employed;  if  of  iron,  great  care  has  been  taken  to  preserve  them  from  corro- 
sion, but  with  only  partial  success.  The  galvanised  bolts  have  corroded  the 
most  rapidly,  and  have  been  quite  abandoned ;  copper  bolts  are  being  used,  but 
not  long  enough  to  enable  us  to  judge  of  the  amount  of  injury  to  result  to  the 
iron  framework  of  the  ship  ;  the  expense  of  copper  is  also  considerable.  But  it 
is  with  iron  bolts  that  we  are  most  concerned,  as  the  points  to  which  we  are 
leading  have  reference  entirely  to  iron  ships.    The  drawing,  Fig.  1,  represents 


two  bolts  as  used  to  fasten  the  planks  on  to  a  composite  ship,  and  illustrates 
the  way  in  which  the  corrosion  commences.  Sometimes  it  commences  with  the 
head,  as  at  A,  and  sometimes  the  body,  between  the  iron  frame  and  the  head, 
is  first  attacked,  as  at  B,  and  the  head  will  remain  sound.  The  probable  reason 
for  this  will  be  presently  shown.  Some  composite  ships  have  had  two  sheath- 
ings  of  timber,  and  the  system  is  said  to  have  advantages.  In  either  case, 
however,  the  vessel  is  finished  outside  by  a  sheathing  of  copper  or  other  metal, 
as  in  timber  ships. 

The  case  of  the  composite  ship  here  cited  affords  a  good  basis  on  which  to 
work  out  the  probable  results  to  a  ship  built  entirely  of  iron  sheathed  with 
wood,  and  coppered,  which,  in  general  terms,  is  the  principle  which  I  early 
sought  to  establish  :  the  great  difference  being  that,  as  in  the  composite  ship, 
the  planking  is  secured  to  the  ironwork  by  bolts  only.  I  substituted  an 
external  iron  frame  rivetted  to  the  plates,  so  formed  as  to  receive  a  sheathing 
of  timber,  and  so  firmly  wedged  as  to  be  secured  almost  entirely  without 
the  use  of  bolts.  On  this  inner  planking  is  attached,  by  brass  screws, 
a  lighter  sheathing  of  wood,  to  which  the  copper  is  nailed  in  the  usual 
manner;  precautions  would,  of  course,  be  taken  to  apply  suitable  coating 
between  the  planks,  and  the  seams  would  be  caulked,  so  as  to  render  the  work 
as  sound  as  possible.  In  addition  to  this  oue  other  precaution  would  be 
necessary  in  order  absolutely  to  avoid  all  possibility  of  a  metallic  contact.  I 
proposed  the  substitution  of  brass  stem  and  stern-post  for  those  made  of  iron. 
It  is  only  necessary  to  say,  that  if  this  system  be  applied  to  a  new  ship,  the 
inner  frame  would  be  reduced  in  weight  in  proportion  as  weight  is  added  ex- 
ternally, but  one  great  advantage  results  from  this  arrangement  :  if  the  prin- 
cipal internal  framing  be  vertical,  the  external  frame  may  be  longitudinal,  or  if 
the  main  internal  framing  be  longitudinal,  then  the  external  frame  may  be 
vertical.  The  effect  of  either  plan  is  that  both  frames  may  be  attached  direct 
to  the  shell,  and  cross  each  other's  path  without  either  being  cut  into  short 
lengths,  as  must  be  the  case  when  both  horizontal  and  vertical  frames  are 
attached  on  the  inner  side  only. 

It  will  now  be  seen  that  the  composite  ship,  and  the  iron  ship  thus  sheathed 
have  many  points  in  common ;  both  are  composed  of  iron  frames  and  plates,  both 
have  a  timber  planking,  and  both  are  sheathed  with  copper.  Upon  one  point, 
however,  there  is  a  striking  difference  between  the  two ;  the  planking  of  the 
composite  ship  is  necessarily  secured  to  the  ironwork  by  bolts.  In  the  system 
now  described,  the  security  of  the  planking  is  made  to  depend  principally  on 
the  external  framing  ;  bolts  may  be  used  as  shown  in  the  drawings,  but  their 
explanation  under  these  circumstances  will  be  better  given  in  another  place. 

The  serious  question  now  arises,  why  have  the  bolts  almost  invariably  suf- 
fered, while  the  iron  framework  and  plates  have  been  preserved  ?  The  reason 
in  my  opinion  is  quite  simple.  To  a  structure  made  of  a  hard  and  incompres- 
sible material  is  attached  a  shell  of  a  material  soft  and  yielding ;  the  motion 
given  to  the  ship  when  labouring  in  the  sea  gives  rise  to  an  opposing  action 
between  these  two  ill-assorted  substances;  the  bolts  which  unite  them  have  to 
sustain  the  enormous  strain  thus  produced ;  an  imperceptible  loosening  then 
takes  place,  and  as  the  hole  enlarges  in  the  timber,  water  is  gradually  drawn 
into  the  space,  and  a  constant  change  of  water  is  the  result.  All  this  preju- 
dical  action  would  be  counteracted  were  the  planking  supported  by  the  external 
frame  above  described  ;  and  the  loosening  or  rubbing  motion  between  the  wooden 
planking  and  the  iron  shell,  would  have  no  commencement  in  the  latter  case 
as  in  the  former. 

It  is  quite  possible  that  the  timber  might  become  saturated  with  salt  water, 
and  the  apprehension  of  this  for  a  long  time  prevented  us  from  attempting  to 
adopt  these  systems  of  sheathing,  but  I  believe  the  explanations  given  by  Mr. 
Mallet,  when  discussing  the  merits  of  this  question,  will  be  found  to  be^  the 
true  ones.  Speaking  of  the  system  of  the  external  frame  he  says  :  "  But  if  the 
sea  water  should  find  its  way  in,  the  amount  of  corrosion  that  could  take  place 
unless  there  were  a  stream  of  water  in  and  out  so  as  constantly  to  renew  the 
agents  of  corrosion,  would  be  next  to  nothing.  I  have  already  shown  you  that 
ijf  a  piece  of  iron  be  put  into  water  already  robbed  of  combined  air,  or  if  you 
exclude  the  air  from  it,  it  will  not  corrode  at  all.  Therefore,  if  water  should 
get  in  and  lodge  behind  any  one  of  these  blocks  of  wood,  unless  it  be  per- 
petually renewed  by  a  stream  in  and  a  stream  out,  the  water  that  has  got  in 
there  will,  after  a  short  time,  have  next  to  no  power  in  the  way  of  corrosion  " 
It  is  only  necessary  to  remind  you  that  this  "  stream  in  and  stream  out,"  is 
the  exact  condition  which  we  attribute  to  bolts,  under  the  circumstances  above 
described,  and  which  no  doubt  Mr.  Mallet  would  have  taken  as  the  explanation 
of  their  rapid  corrosion.  The  air  which  is  fouud  in  combination  with  water  is 
the  agent  by  which  corrosion  is  produced,  and  it  does  not  require  that  the 
water  should  even  be  salt  for  oxidation  to  go  on,  but  this  is  rendered  specially 
dangerous  when  the  process  of  oxidation  is  accelerated  by  the  galvanic   action 


of  the  copper  and  iron  together  with  the  salt  of  the  sea  water.     Rob  the  watei 
ot  the  agent  of  corrosive  oxygen,  and  the  whole  is  harmless. 

Referring  again  to  the  drawing  of  the  two  bolts,  and  taking  the  first  example, 
A,  I  suppose  the  rubbing  action  between  the  planks  and  the  plates  to  be  going 
on,  the  bolt  gradually  loosening  and  a  slight  stream  of  water  being  drawn 
into  the  bolt  hole,  in  this  case  finds  its  way  first  to  the  head  ;  the  oxidation 
then  commences,  and  the  small  quantity  of  water  being  deprived  of  the  com- 
bined air  aoes  no  further  harm,  and  if  arrested  in  time  the  body  of  the  bolt  may 
not  have  suffered  at  all,  or,  in  the  case  of  the  bolt,  B,  the  water  may  first  find 
its  way  to  the  body,  and  there  the  oxygen,  being  taken  up  before  it  reaches  the 
head,  has  become  harmless,  and  if  arrested  in  time  the  body  of  the  bolt  will 
alone  have  suffered :  in  either  case,  however,  if  the  process  is  allowed  to  go  on 
both  the  head  and  the  body  of  the  bolt  will  perish.  I  respectfully  offer  these 
views  in  explanation  of  the  serious  facts  above  described  :  others  may  have 
sounder  theories  on  the  subject,  and  if  so  it  would  add  very  much  to  the  advance- 
ment of  this  great  movement  if  more  correct  views  were  given.  There  are 
several  instances  of  copper  and  other  metallic  bolts,  as  before  stated,  having 
being  substituted  for  iron  ones,  but  the  change  in  material  does  not  alter  the 
amount  of  strain  to  which  they  are  subjected,  or  the  tendency  to  become 
loose,  and  should  we  be  able  to  prevent  corrosion  in  the  bolt  we  should  probably 
transfer  the  mischief  of  corrosion  from  the  bolts  to  the  frames  Before  con- 
cluding this  paper,  it  is  but  fair  to  notice  some  of  the  objections  which  have 
been  raised  to  the  external  frame ;  the  expense  is  not  one  of  these,  as  it  is  ad- 
mitted that  the  cost  is  less  than  that  of  applying  bolts.  One  defect  that  has 
been  suggested  is  that  the  inner  planking  will  not  be  kept  in  such  close  con- 
tact with  the  iron  as  when  bolts  are  used.  I  much  doubt  this,  but  to  meet 
the  supposed  defect,  I  have  shown  that  I  do  not  object  to  the  application  of  a 
limited  number  of  bolts,  for  the  simple  purpose  of  drawing  the  two  bodies 
into  closer  contact,  my  objection  to  bolts  being  of  another  character,  that  of 
allowing  them  to  be  the  sole  medium  through  which  the  enormous  strain 
produced  when  the  ship  is  working  in  the  sea  are  to  be  sustained. 

It  has  also  been  objected  that  in  extreme  cases  of  injury  arising  from  con- 
tact with  rocks  the  framework  may  be  torn  away,  and  the  rivets  broken,  thus 
admitting  the  water ;  the  liability  to  this,  in  my  opinion,  is  much  less  than 
where  bolts  only  are  used.  A  heavy  ship  beating  violently  upon  the  rocks  will 
destroy  any  work,  however  strong;  but  there  is  one  consolation,  which  is  favour- 
able to  the  plan  of  sheathing  iron  ships  with  copper,  arising  from  the  state- 
ment made  by  Mr.  Mallet  when  discussing  this  subject  a  few  years  since  at  a 
public  meeting.  He  made  a  calculation  of  the  amount  of  injury  which  would 
be  sustained  by  an  iron  ship  under  the  circumstances  of  the  wooden  sheathing 
being  violently  torn  away,  and  the  copper  being  brought  in  contact  with  the 
iron.  He  adds :  "  I  would  merely  say  this  much,  that  there  certainly  would 
be  no  such  amount  of  corrosion  as  to  endanger  the  safety  of  the  ship  at  sea 
before  she  could  get  home,  or  into  some  port  where  the  accident  could  be 
repaired  ...  .  The  fact  is,  that  the  surfaces  of  both  metals  when  left  to 
themselves  in  sea  water  get  coated,  more  or  less,  with  various  insoluble  sul- 
phates, and  other  salts  and  oxides  derived  both  from  the  iron  and  from  the  sea 
water,  which  alter  altogether  the  rate  of  corrosion  that  would  otherwise  take 
place  were  chemical  action  quite  unimpeded." 

The  arguments  in  favour  of  adopting  some  plan  for  obviating  the  fouling  of 
iron  ships,  and  the  proofs  that  no  such  plans  have  met  with  sufficient  success 
to  make  it  practicable  to  employ  iron  ships  of  war  on  foreign  stations  need 
not  here  be  repeated  as  the  facts  are  everywhere  avowed.  There  can  be  no  sub- 
ject of  a  practical  character  more  worthy  the  attention  of  our  institution,  and  I 
trust  it  will  receive  that  consideration  its  importance  deserves. 


ROYAL  INSTITUTION  OF  GREAT  BRITAIN. 


ON  THE  TEMPERATURE  AND  ANIMAL   LIFE  OF  THE  DEEP  SEA 

By  William;  B.  Carpenter,  M.D.,  V.P.R.S. 

The  results  of  recent  inquiries  into  the  condition  of  the  abyssal  depths  of 
the  ocean,  tend  to  prove  : — that  notwithstanding  their  apparently  profound 
stillness,  undisturbed  by  the  storms  which  agitate  the  surface,  an  incessant 
motion  is  everywhere  taking  place  in  them,  which  exerts  a  most  important 
influence  on  what  would  otherwise  be  the  intolerable  heat  of  the  Equatorial  and 
the  unbearable  cold  of  the  Polar  regions,  and  thus  affects  the  distribution  of 
animal  and  vegetable  life,  alike  on  land  and.  in  the  ocean  waters :  that  the  line 
of  demarcation  which  has  been  supposed  to  separate  their  dreary  wastes  from 
the  comparatively  shallow  stratum  (300  fathoms)  to  which  life  has  been 
affirmed  to  be  restricted,  has  no  real  existence;  but  that  whilst  the  ocean 
bottom  in  oue  region  may  be  as  barren  as  Sahara,  it  may  in  another,  though 
at  ten  times  the  depth,  be  teeming  with  varied  forms  of  organization,  that  not- 
withstanding the  tremendous  pressure  exerted  by  the  superincumbent  mass 
(amounting  lo  nearly  31bs.  per  square  inch  of  surface  for  every  fathom  of  depth 
and  thus  to  3,0001bs.  per  square  inch  at  a  depth  of  1,100  fathoms),  animals 
of  the  softest  conceivable  texture  can  "  live  and  move  and  have  their  being  " 
without  suffering  any  inconvenience  from  the  burden,  that  not  even  the  total 
privation  of  light,  which  the  highest  authorities  have  affirmed  to  be  essential  to 
the  existence  of  life,*  prevents  these  rayless  depths  of  ocean  from  supporting 


*  "  Organization,  sensation,  voluntary  motion,  life,"  said  Lavoisier.  "  only  exist  on  the 
surface  of  the  earth,  and  in  places  exposed  to  light.  It  might  indeed  be  said  that  the 
fable  of  Prometheus  was  the  expression  of  a  philosophical  truth  which  had  not  escaped 
the  penetration  of.  the  ancients.  Without  light,  nature  were  without  life  and  without 
soul ;  a  benificent  God,  in  shedding  lig nt  over  creation,  strewed  the  surface  of  the  earth 
with  organization,  with  sensation,  and  with  thought." — "  These  words,"  says  Dumas, 
('  The  Chemical  and  Physiological  Balance  of  Organic  Nature,'  p.  8),  "  are  as  true  as  they 
are  eloquent." 
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a  vast  and  continuous  mass  of  animal  life,  which  is  actively  engaged  in  form- 
ing a  calcareous  deposit  over  the  bed  of  the  Atlantic  :  a  deposit  which,  when 
raised  above  the  waters,  so  as  to  form  dry  land,  will  be  designated  by  the 
geologist  of  the  future  as  chalk,  and  lastly,  that  iu  these  abyssal  depths  are 
preserved  in  continued  existence  many  types  of  organization  which  had  been 
supposed  to  have  long  since  become  extinct ;  revealing  themselves  as  living 
denizens  of  the  present  epoch,  when  brought  to  the  surface  by  the  searching 
dredge  of  the  naturalist,  just  as  the  reminiscences  of  our  past  lives,  stored  up 
in  the  hidden  chambers  of  our  "  under  soul,"  are  called  up  in  the  process  of 
recollection  when  groped  for  with  the  right  clue  of  association. 

It  had  been  the  good  fortune  of  the  speaker  to  bear  a  part  in  these  in- 
quiries :  a  proposal  for  a  deep-sea  dredging  expedition,  which  originated  with 
his  friend,  Professor  Wyville  Thomson,  of  Belfast,  having  been  brought  by 
him  last  June  before  the  President  and  Council  of  the  Royal  Society,  and  by 
them  strongly  recommended  to  the  Admiralty  ;  which,  on  the  strong  recom- 
mendation of  the  Hydrographer,  assigned  for  the  service  the  surveying  vessel 
Lightning,  and  provided  her  with  the  best  appliances  that  could  be  got  ready 
on  so  short  a  notice.  The  work  of  the  expedition,  which  was  placed  under 
the  scientific  charge  of  the  speaker,  was  specially  directed  to  the  exploration 
of  the  deep  channel  which  lies  between  the  north  of  Scotlaud  and  the  Faroe 
Islands  ;  and  although  necessarily  limited  in  time,  and  much  interfered  with 
by  bad  weather,  it  afforded  results  of  great  interest,  in  regard  both  to  the 
physics  and  the  animal  life  of  the  ocean  depths. 

I.  The  current  belief  among  physical  geographers  in  regard  to  the  tempera- 
ture of  the  deep  sea  had  been  that  it  is  everywhere  39° ;  descending  towards 
that  point  in  the  Equatorial  region,  from  a  surface  temperature  of  between 
75s  and  85°,  in  proportion  to  the  depth  to  which  the  thermometer  is  sunk, 
and  falling  to  39J  at  about  1,200  fathoms  ;  whilst  it  ascends  towards  that  point 
iu  the  Polar  region,  as  the  thermometer  sinks  through  the  ice-cold  waters 
nearer  the  surface,  until  it  rises  to  39°  at  a  depth  of  about  750  fathoms. 
Between  the  Equatorial  and  the  Polar  regions  it  has  beeu  supposed  possible  to 
draw  a  boundary  line  at  which  the  temperature  of  the  sea  is  39°  at  all 
depths ;  and  this  line  in  the  Antarctic  Ocean,  of  which  the  local  tempera- 
ture seems  comparatively  little  disturbed  by  currents,  has  been  set  at  56i° 
south  !at.  This  doctrine  mainly  rests  upon  the  temperature-soundings  taken 
in  Sir  James  Ross's  expedition  ;  which  were  not  inconsistent  with  the  prevalent 
belief  that  sea  water  like  fresh  water,  has  its  maximum  density  at  this  tempera- 
ture, and  that,  consequently,  still  water  at  32°  or  33°  cannot  underlie  water 
at  39J. 

Several  instances,  however,  had  been  recorded,  in  which  temperatures  below 
39^  had  been  observed  ;  but  these  were  regarded  as  mere  local  exceptions,  de- 
pending upon  particular  currents.  The  most  remarkable  of  such  observations 
made  by  General  Sabine  more  than  fifty  years  ago,  in  Captain  (afterwards 
Sir  John)  Ross's  arctic  voyage  was  thus  chronicled  in  this  journal :— "  Having 
sounder!,  on  September  19,  1818,  in  750  fathoms,  the  registering  thermometer 
was  sent  down  to  680  fathoms,  and  on  coming  up  the  index  of  greatest  cold 
was  at  2oiJ.  Never  having  known  it  lower  than  28'  in  former  instances,  1 
was  very  careful  in  examining  the  thermometer,  but  could  discover  no  other 
reason  for  it  than  the  actual  coldness  of  the  water."  Strange  as  this  record 
seems,  it  is  by  no  means  incredible;  for,  as  the  careful  experiments  of  Dos- 
prctz  have  since  shown,  sea-water,  although  it  ordinarily  freezes  at  27i'J,  may 
be  cooled  down  to  25fJ  without  freezing,  if  kept  free  from  agitation;  whilst, 
instead  of  expanding  as  its  temperature  falls  (which  is  the  case  with  fresh 
water  below  89*),  it  continues  to  contract,  so  as  to  acquire  its  greatest  density 
at  SM  ;  which  temperature,  therefore,  might  be  expected  to  be  that  of  the 
still  depths  of  Polar  seas,  when  not  disturbed  by  the  mtrusiou  of  any  warmer 
currents. 

Now  tin:  Lightning  temperature-soundings  gave  a  minimum  temperature  of 
from  32'  to  88-7"  through  ■  considerable  part  of  the  deep  channel  (from  500 
to  600  fathoms)  lying  E.N.E.  and  W.S.W.  between  the  north  of  Scotland  and 
the  Faroe  hanks,  the  surface-temperature  being  about  52°;  and  it  is  probable 
that  it  there  lie  any  error  in  the  observations  (all  of  which  rest  on  the  agree- 
ment of  at  hast  two  thermometers),  it  is  that  the  temperatures  were  not  regis- 
tered low  enough  by  these  thermometers,  in  consequence  of  the  pressure  ol  LOO 
atmospheres  or' more  On  their  bulbs.     Though    it   cannot  be  positively  asserted 

that  these  minima  mat  the  bottom-tomperaturea  of  the  area  in  question,  this 
may  bo  considered  next  to  certain,  tor  the  following  reasons: — 1.  It  is  im- 
probable thai  water  ;it  8B"  should  overlie  water  at  any  higher  temperature, 

Which    is   specifically   lighter  than    itself,  unless  two  stratn   have  a  motion   in 

different  direction)  raflewntly  rapid  to  be  recognisable.  2.  The  nature  of  the  animal 

life  found  on  the  bottom  of  tins  cold  area  exhibited  (as  will  presently  appear)  a 
marked   correspondence  with  its  presume  id    depression   of   temperature.      8,   At  a 

depth  of  i"n  fathoms  in  the  cold  area,  the  i innun  waa  found  to  be  -tl-7  ; 

which  is  just  what  might  be  expected  at  that  depth,  if  the  temperature  pro- 
gressively descends  with  the  increa«e  of  depth.    The  positive  determination  ol 

this  question,  however,  may  he  expected   from    the    temperature-soundings  to  be 

taken  this  summer;  in  which  means  will  be  adopted  for  ascertaining  the  tem- 
perature at  every  60  or  lori  fathoms  in  the  same  sounding. 

On  the  other  hand,  in   other   parts   of  the   name  channel,   at    the  very  same 

depths,  and' with  the  same  surface  surface-temperature  (never  varying  mm  lb  (rem 

I,  the  minimum  temperature  was  never  less  than  47"  ;  rfnd  where  this  pre- 

vailed,  not  only  was  animal  lift  for  more  abundant,  hut  its  type  was  that  ol  the 

warmer  temperate  seas. 

It  does  not  seem  possible  to  account  for  the  existence  of  two  such  very 
different  submarine  climates  within  10  short  I  distance  of  each  other,  save  on 
tho  hypothesis  that  the  water  which  is  8°  or  10"  warmer  thu.i  what  may  bo 
regarded  as  the  normal  temperature  of  the  latitude  has  come  thither  from 
Trgioii  nearer  the  equator,  whilst  the  water  which  is  6"  or  8"  colder  than  the 
normal  temperature  of  the  latitude,  has  como  thither  from  some  region  nearer 
the  pole.     How  far  the  first  of  these  phenomena  is  attributable  to  what  is  pro- 


perly called  the  "  Gulf  Stream  " — that  is,  to  the  current  of  heated  water  which 
issues  from  the  Gulf  of  Mexico,  and  can  be  traced  for  a  great  distance  across 
the  Atlantic,  in  a  N.E.  direction — is  a  matter  still  open  to  discussion.  But 
that  it  is  not  attributable  to  suface-drift,  seems  perfectly  clear  from  the  depth 
to  which  the  excess  of  warmth  extends.  And  the  two  facts  taken  together  may 
with  confidence  be  taken  as  an  example  of  that  continual  interchange  between 
the  oceanic  waters  of  equatorial  and  Polar  regions,  which  is  as  much  a 
physical  necessity  as  that  interchange  of  air  which  has  so  large  a  share  in  the 
production  of  winds.  For  the  water  that  is  cooled  in  the  Polar  seas  must  sink 
and  displace  the  water  that  is  warmer  than  itself,  pushing  it  away  towards  the 
equator  ;  so  that  in  the  deepest  parts  of  the  ocean  there  will  be  a  progressive 
movement  in  the  equatorial  direction  ;  whilst,  conversely,  the  warm  water 
of  the  tropical  sea,  being  tho  lighter,  will  spread  itself  north  and  south  over 
the  surface  of  the  ocean,  and  will  thus  move  towards  the  polar  regions,  losing 
its  heat  as  it  approaches  them,  until  it  is  there  so  much  reduced  in  temperature 
as  to  sink  to  the  bottom,  and  thus  return  towards  its  source. 

A  set  of  temperature-soundings  recently  taken  across  the  Arabian  Gulf,  be- 
tween Aden  and  Bombay,  by  Captain  Shortland,  in  H.M.S.  Hydra,  give  a  line 
of  bottom-temperature  of  33^°  Fahr.  at  depths  exceeding  1,800  fathoms,  the 
surface-temperature  being  75°.  It  seems  impossible  to  account  for  this  fact 
on  any  other  hypothesis  than  that  of  a  deep  current  from  the  Antarctic  Polar 
region,  which  must  have  maintained  this  extremely  low  temperature  through- 
out the  vast  course  it  had  to  traverse. 

II.  The  collective  results  of  the  deep-sea  dredgiugs  recently  carried  ou  by 
the  Swedish  Government  under  the  direction  of  Professor  Sars  and  his  son,  by 
the  United  States  coast  survey  under  the  direction  of  Count  Pourtales,  and 
by  the  Lightning  expedition  under  the  direction  of  the  speaker,  have  conclu- 
sively established  the  justice  of  the  inference  previously  drawn  by  Dr.  Wallich 
from  the  more  restricted  data  collected  by  the  sounding  apparatus,*  as  to  the 
existence  of  a  varied  and  abundant  submarine  Fauna,  at  depths  which  have 
been  generally  supposed  to  be  either  altogether  azoic,  or  tenented  only  by 
animals  of  very  low  type.  The  dredgings  obtained  in  N.  lat.  59°  36'  and  \V. 
long.  7°  20',  at  a  depth  of  530  fathoms  and  a  minimum  temperature  of  47J", 
included  an  extraordinary  collection  of  siliceous  sponges  and  Foraminifera, 
with  Zoophytes,  Echinoderms,  Mollusks,  Annelids,  and  Crustaceans ;  and 
among  them  two  specimens  of  the  little  Ehizocrinus  (to  be  presently  noticed 
more  particularly),  whose  recent  discovery  by  M.  Sars  on  the  coast  of  Nor- 
way had  furnished  a  principal  "  motive  "  of  this  expedition.  And  a  single 
dredging  subsequently  taken  in  N.  lat.  61"  2'  and  W.  long.  12"  4',  at  the  depth 
of  650  fathoms  and  a  minimum  temperature  of  46°,  gave  evidence  of  the  like 
variety,  though  the  specimens  obtained  were  less  numerous  and  more  frag- 
mentary. These  two  dredgings,  it  is  believed,  are  by  far  the  deepest  that 
have  yet  been  taken  :  and  the  facility  with  which  they  were  obtained  fully 
justifies  the  belief  that  no  serious  difficulty  will  be  found  in  the  way  of  the 
exploration  of  the  ocean  bottom  by  means  of  the  dredge  at  depths  twice  as 
great. 

III.  The  results  of  the  Lightning  dredgings  seem  to  warrant  the  conclu- 
sion that  the  distribution  of  animal  life  in  the  deep  sea  is  much  more  closely 
related  to  the  temperature  of  the  water  than  to  its  depth.  No  contrast  could 
well  be  more  striking  than  that  which  presented  itself  within  a  distance  of  50 
miles  between  the  Fauna  of  the  warm  and  that  of  the  cold  area  :  the  former  con- 
taining, with  the  animals  proper  to  the  locality,  a  number  of  forms  hitherto 
known  only  as  inhabitants  of  the  warmer  temperate  seas ;  whilst  the  far  more 
scanty  aggregate  of  the  latter  consisted  to  a  great  extent  of  animals  of  a  pro- 
per Boreal  type,  of  which  few  were  met  with  elsewhere  even  as  far  north  as 
the  Faroe  Islands.  And  whilst  the  bottom  itself  was  for  the  most  part  cora- 
posed,  in  the  warm  area,  of  the  Globigerina  mud,  the  presence  of  which  (as  l>r. 
Wallich  pointed  out)  seems  to  go  along  with  the  (iult  stream,  it  consisted  in 
the  cold  area  of  stones  and  sand,  the  latter  including  many  particles  of  distinctly 
volcanic  minerals,  indicative  of  a  probable  derivation  from  Iceland  or  Labrador. 
1  he  comparatively  shallow  bank  in  this  cold  area,  at  which   a    temperature  of 

41'7°  was  found  at  a  depth  of  17<>  fathoms,  presented  a  Fauna  distinctly  inter- 
mediate between  that  ol  the  colder  and  that  of  the  warmer  area  ;  the  intermix- 
ture ot  the  proper  Unreal  forms  being  less,  and  its  predominant  character  being 
ili at  which  might  be  expected  from  its  geographical  position,  with  which  its 
temperature  closely  accorded. 

I V.  The  remarkable  fact  has  been  ascertained,  that  two  deposits  may  be 
taking  place  within  a  few  miles  of  cacli  other,  at  the  samo  depth  and  on  tht 
same  geological  horiton  (the  area  of  one  penetrating,  so  to  speak,  the  area  of 
the  Other),  Of  which  tho  Mineral  character  and  tho  Fauna  are  alike  different  ; 
— that  difference  being  due  on  the  ono  hand  to  the  direction  of  the  current 
which  baa  furnished  their  materials,  and  on  the  other  to  tho  temperature  of  tho 
water  brought  by  the  current,  lithe  "cold  area"  were  to  be  raised  above  tho 
surface,    so  that    the  deposit  at   present  in   progress  upon  its  bottom  should 

bee the  subject  of  examination  by  some  Geologist  of  the  future,  he  would 

Bnd  this  to  consist  ol  a  barren  sandstone,  including  fragments  of  older  rocks, 
the  scanty  Kaumt  ol  winch  would  ill  great  degree  bear  a  boreal  character  ;  whilst 
il  a  porl  ion  Ol  the  "  warm  area  "  were  elevated  at  the  same  time  with  the  "  cold 
urea,  tie  Qeologisl  would  he-  perplexed  by  the  itratigraphiriil  continuity  with 
tho  proceeding  of  a  Cretaceous  formation,  tho  production  of  which  soJ 
depends  upon  the  extensive  development  of  tho  humblest  forum  ol  animal  Lift 
under  the  influence  ol  an   elevated  temperature,  and  which  includes  not  only 


•  The  earliest  recorded  fart  of  thi«  class  still  remains  one  of  the  most  Interesting,  la 
the  Ar.  In  expedition  Ol  Captain  ltoss,  In  1818,  a  sounding  havmir  licrn  taken  Bl  i*  depth 
ot  I  non  fathoms,  the  line  brought  up  n.magnittccnt  Ailr^yhyt^n  (than  knownaa  Aitmtu 
Caput  st'  lull,  which  according  to  the  distinct  reooUeouon  ol  Qeneraa  Bablne,  who  wm 

a  a,,  r.ili'-r  ol  i  hat  npe, In  ion,  mint  have  como  from  tin-  bottom |  ion  <•  tl  was  partly  im- 
bedded In  very  solt  greenish  mud  Into  which  tho  litavj  d«op-sca  wslglu  had  sunk. 
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an  extraordinary  abundance  of  Sponges,  but  a  great  variety  of  other  animal 
remains,  several  of  them  belonging  to  the  warmer  temperate  regions  ;  and  he 
would  naturally  suppose  these  widely  different  climatic  conditions  to  have  pre- 
vailed at  different  periods.  And  yet  they  have  been  shown  to  exist  simultaneously 
at  corresponding  depths,  over  wide  contiguous  areas  of  the  sea-bottom  ;  in  virtue 
solely  of  the  fact  that  one  area  is  traversed  by  an  equatorial  and  the  other  by  a 
Polar  current.  Further,  in  the  midst  of  the  land  formed  by  the  elevation  of 
the  "  cold  area,"  our  Geologist  would  find  a  hill  some  1,800  feet  high,  covered 
with  a  sandstone  continuous  with  that  of  the  land  from  which  it  rises,  but  rich 
in  remains  of  animals  belonging  to  a  more  temperate  province ;  and  might  easily 
fall  into  the  mistake  of  supposing  that  two  such  different  Fauna?  occurring  at 
different  levels  must  indicate  two  distinct  climates  separated  in  time  ;  instead  of 
indicating,  as  they  have  been  shown  to  do,  two  contemporaneous  but  dissimilar 
climates,  separated  only  by  a  few  miles  horizontally  and  by  300  fathoms  verti- 
cally 

V.  But  further,  the  examination  of  the  sample  brought  up  by  the  '  Lightning ' 
dredgings,  of  the  Fauna  of  the  chalk-like  deposit  now  in  progress  over  the  warm 
area,  has  shown  that  it  presents  many  points  of  most  interesting  relationship  to 
the  fauna  of  the  Cretaceous  period.  Thus  of  the  Siliceous  Sponges  which  were 
obtained  in  such  remarkable  abundance,  some  correspond  so  precisely  in  struc- 
ture of  the  Ventriculites  of  the  chalk,  that  their  identity  cannot  be  doubted, 
although  in  the  process  of  fossilization  the  original  material  of  the  skeleton  has 
been  replaced  by  carbonate  of  lime,  to  be  itself  applied  to  the  solidification  of 
Sponges  of  another  type  in  the  production  of  flints.*  Again,  the  speaker  stated 
that  he  had  found  the  microscopic  Xanthidia,  so  common  in  sections  of  flint, 
attached  to  a  filamentous  substance  entangled  in  fragments  of  sponges  washed 
out  from  the  Globigerina-mud.  Further,  among  Mollusca  there  were  two 
Terebratulidce,  of  which  one  at  least  (Terebratulina  caput-serpentis)  may  be 
certainly  identified  with  a  Cretaceous  species,  whilst  the  second  (Waldheimia 
cranium)  may  be  fairly  regarded  as  representing,  if  not  lineally  descended  from 
another  of  the  types  of  that  family  so  abundant  in  the  chalk.  Among  TEclii- 
noderms  the  most  interesting  was  the  little  Rhizocrinus,  that  carries  us  back  to 
the  Apiocrinite  tribe  which  flourished  in  the  Oolitic  period,  and  which  was  until 
lately  supposed  to  have  had  its  last  representative  in  the  Bourgetticrinu?  of  the 
chalk,  to  which  the  Rhizocrinus  presents  many  points  of  remarkable  correspon- 
dence.f  Among  Zoophytes,  the  Oculina  met  with  in  a  living  state  seems 
generically  allied  to  a  Cretaceous  type. 

It  can  scarcely  be  doubted  that  a  more  systematic  examination  of  the  re- 
markable formation  at  present  in  progress  would  place  in  a  still  stronger  light 
the  intimacy  of  the  relationship  of  its  Fauna  to  that  of  the  Cretaceous  period; 
and  if  this  view  should  be  confirmed  by  further  inquiry,  it  would  go  far  to 
prove,  what  seems  on  general  grounds  highly  probable,  that  the  deposit  of 
Globigerina-mud  has  been  going  on,  over  some  part  or  other  of  the  North 
Atlantic  sea-bed,  from  the  Cretaceous  epoch  to  the  present  time  (as  there  is 
much  reason  to  think  that  it  did  elsewhere  in  anterior  gelogical  periods),  this 
mud  not  merely  a  chalk-formation,  but  a  continuation  of  the  chalk-formation ; 
so  that  we  may  be  said  to  be  still  living  in  the  Cretaceous  Epoch.  For,  as 
was  pointed  out  by  Professor  Wy  ville  Thomson,  in  the  letter  which  gave  occasion 
to  the  '  Lightning  '  cruise,  the  oscillations  of  the  earth's  crust  in  the  northern 
portion  of  the  northern  hemisphere  do  not  appear  to  have  ranged  much  above 
1000ft.  since  the  commencement  of  the  Tertiary  epoch  ;  so  that  an  immense 
area  of  the  North  Atlantic  must  have  been  continuously  submerged  throughout 
the  Tertiary  and  Quaternary  periods  ;  while,  for  the  reasons  already  mentioned, 
there  must  have  been  a  continual  movement  of  the  equatorial  waters  towards 
the  Polar  region. 

VI.  It  is  obvious  that  the  facts  previously  stated  throw  a  great  light  on  the 
changes  which  Palsontological  research  proves  to  have  often  taken  place  in  the 
Marine  Fauna  of  any  particular  area,  without  any  corresponding  changes  in  its 
own  geological  condition.  For  as  there  must  have  been  deep  seas  in  all  geolo- 
gical periods,  so  there  must  have  been  varieties  in  submarine  climate  at  least  as 
great  as  those  discovered  by  the  Lightning  temperature-soundings ;  depending 
upon  those  equatorial  and  polar  currents,  whose  existence  has  been  shown  to  be 
a  physical  necessity.  Hence  it  is  obvious  that  since  changes  in  the  direction  of 
such  opposing  currents  must  have  been  produced  by  any  upward  or  downward 
movement  of  the  sea-bottom  (as  in  the  areas  of  elevation  and  subsidence  marked 
out  by  Mr.  Darwin  in  our  existing  seas),  a  considerable  modification,  or  even  a 
complete  reversal,  of  the  submarine  climates  of  adjacent  areas  might  have  been 
consequent  upon  alterations  in  the  contour  of  the  land,  or  in  the  level  of  the 
sea-bottom,  at  a  great  distance— perhaps  thousands  of  miles  off. 

A  renewal  and  extension  of  the  researches  of  which  the  more  general  results 
have  thus  been  stated,  having  been  asked  for  by  the  council  of  the  Royal 
Society  at  the  hands  of  her  Majesty's  Government,  adequate  provision  has  been 
made  by  the  Admiralty  with  this  object;  and  H.M.  surveying  vessel  Porcupine 
will  be  employed  during  the  ensuing  season  in  the  prosecution  of  them,  with  all 
the  appliances  which  science  and  experience  can  suggest  as  likely  to  be  service- 
able.   It  may  be  confidently  hoped  that,  unless  .the  weather  should  prove  ex- 


ceptionally unfavourable,  very  important  additions  will  be  made  by  this  expedi- 
tion to  our  knowledge  of  the  Temperature  and  Life  of  the  Deep  Sea. 

The  speaker  thus  concluded : — "  The  facts  I  have  now  brought  before  you, 
still  more  the  speculations  which  I  have  ventured  to  connect  with  them,  may 
seem  to  unsettle  much  that  has  been  generally  accredited  in  geological  science, 
and  thus  to  diminish  rather  than  to  augment  our  stock  of  positive  knowledge ; 
but  this  is  the  necessary  result  of  the  introduction  of  a  new  idea  into  any  de- 
partment of  scientific  inquiry.  Like  the  flood  which  tests  the  security  of  every 
foundation  that  stands  in  the  way  of  its  onward  rush,  overthrowing  the  house 
built  only  on  the  sand,  but  leaving  unharmed  the  edifice  which  rests  secure  on 
the  solid  rock,  so  does  a  new  method  of  research,  a  new  series  of  facts,  or  a  new 
application  of  facts  previously  known,  come  to  bear  with  impetuous  force  on  a 
whole  fabric  of  doctrine,  and  subject  it  to  an  undermining  power  which  nothing 
can  resist,  save  that  which  rests  on  the  solid  rock  of  Truth.  And  it  is  here 
that  the  moral  value  of  scientific  study,  pursued  in  a  spirit  worth3r  of  its 
elevated  aims,  pre-eminently  shows  itself.  For,  as  was  grandly  said  by  Schiller* 
in  his  admirable  contrast  between  the  trader  in  science  and  the  true  philosopher 
— '  New  discoveries  in  the  field  of  its  activity  which  depress  the  one,  enrapture 
the  other.  Perhaps  they  fill  a  chasm  which  the  growth  of  his  ideas  had 
rendered  more  wide  and  unseemly ;  or  they  place  the  last  stone,  the  only  one 
wanting,  to  the  completion  of  the  structure  of  his  ideas.  But  even  should  they 
shiver  it  into  ruins,  should  a  new  series  of  ideas,  a  new  aspect  of  nature,  a 
newly-discovered  law  in  the  physical  world,  overthrow  the  whole  fabric  of  his 
knowledge,  he  has  always  loved  truth  better  than  his  system,  and  gladly  will 
he  exchange  her  old  and  defective  form  for  a  new  and  fairer  one.'  " 


*  The  mode  in  which  the  Silex  which  furnished  the  material  of  flints  was  first  separated 
from  the  ocean-waters,  has  long  been  an  unsolved  problem.  By  Ehrenberg  the  aid  of 
hypothetical  beds  of  siliceous  Diatoms  and  Polycystina,  which  were  subsequently  removed 
by  solution,  has  been  invoked  to  account  for  it.  But  all  the  examinations  whieh  have 
been  made  of  samples  of  the  Globigerina-mud  have  indicated  that  where  this  great 
calcareous  deposit  is  taking  place,  the  production  of  minute  siliceous  organisms  is 
extremely  limited.  On  the  other  hand,  the  vast  multiplication  of  Siliceous  Sponges,  and 
the  extension  of  their  root-fibres  through  the  Globigerina-mud  on  the  surface  of  which 
they  grow,  furnishes  a  depot  of  silex,  which,  if  re-dissolved,  would  afford  ample  material 
for  the  solidification  of  other  sponges  into  flints 

t  This  most  remarkable  animal,  first  discovered  by  M.  Sars,  near  the  Loffoden  Islands, 
has  been  since  obtained  not  only  in  the  'Lightning'  dredgings;  but  also  by  Count 
Pourtales  in  the  Gulf  of  Mexico. 


LONDON  ASSOCIATION  OF  FOREMEN  ENGINEERS. 

The  monthly  meeting  took  place  on  Saturday,  the  1st  ult.,  at  the  City 
Terminus  Hotel.  It  was  very  numerously  attended,  and  it  was  gratifying  to 
note  the  presence  of  many  honorary  members  who  hitherto  have  not  favoured 
the  Association  with  their  company.  Mr.  J.  Newton,  of  the  Mint,  president, 
and  Mr.  J.  Briggs,  filled  the  chair  and  deputy  chair.  The  election  of  new 
members,  as  usual,  constituted  the  first  business  of  the  sitting.  Among  the 
honorary  associates  chosen  unanimously  on  this  occasion,  were  D.  Clark,  Esq., 
chief  engineer  of  the  Peruvian  navy,  and  Alexander  John  Dudgeon,  jun.,  Esq.,  -r 
Messrs.  W.  Price  and  W.  Fothergill  were  elected  as  ordinary  members  ;  and 
Messrs.  F.  Jordan,  S.  Goddard,  and  T  Hooten  were  nominated  as  candidates 
for  the  same  position. 

Mr.  James  Rae  next  proceeded  to  read  a  paper  on  "  Iron  Shipbuilding  as  it 
Was,  Is,  and  Ought  to  Be."  After  modestly  acknowledging  his  inability  to- 
place  the  important  subject  upon  which  he  intended  to  dilate,  before  his  listeners 
in  a  way  commensurate  with  the  requirements  of  the  institution,  the  author 
preceeded  to  say  that  his  remarks  would  be  confined  to  ships  built  for  peaceful 
and  commercial  purposes.  Were  those  vessels  constructed  so  as  to  ensure  the 
maximum  amount  of  safety  to  passengers  and  property  ?  He  answered  that  at 
present  most  decidedly  they  were  not.  How  frequently  did  it  happen  that 
collisions  and  casualties  at  sea  caused  the  instant  destruction  of  iron  ships  and 
the  loss  of  valuable  lives.  The  reason  of  these  disasters  too  often  laid  in  the 
originally  defective  structures  of  the  vessels.  Iron  ships,  as  a  rule,  were  built 
with  frames  of  that  metal,  the  outer  skin  being  formed  of  plates  of  iron  and 
the  inner  one  of  timber  planking.  This  latter  served  as  a  floor  for  the  recep- 
tion of  the  cargo,  but  it  was  no  safeguard  in  the  event  of  the  outer  skin  being 
penetrated.  Great  stress  had  sometimes  been  put  upon  the  efficiency  of  bulk- 
heads. Practically,  they  were  really  of  little  value.  Steamships  were  usually 
furnished  with  four  or  five.  These  were  supposed  to  be  watertight.  Too 
frequently  it  was  found,  in  the  fell  moment  of  peril,  that  they  were  nothing  of 
the  kind,  and  that  after  a  collision  it  might  be  said  of  the  vessel  that  she  con- 
tained "  water,  water  everywhere,"  whilst  the  pumps  were  incapable  of  discharg- 
ing it.  Bulkheads  were,  in  ninety-nine  cases  out  of  the  hundred,  illusory  and 
deceptive  as  protectors  of  iron  ships.  Vessels  of  this  kind,  as  now  constructed, 
were  calculated  well  enough  for  ordinary  service  under  favourable  circumstances, 
but  were  totally  unfitted  to  contend  against  the  extraordinary  accidents  which 
often  befel  them  at  sea.  It  was  quite  true  that  the  past  twelve  years  had 
witnessed  great  improvements  in  the  construction  of  iron  vessels,  both  as  re- 
garded the  quality  of  the  material  used  and  in  its  mode  of  application.  The 
author  of  the  paper  introduced  at  this  point  some  startling  facts  which  had 
come  under  his  own  notice  when  engaged  as  manager  for  a  large  shipbuilding 
company,  and  which  demonstrated  very  forcibly  the  haphazard  modes  of  con- 
struction commonly  practised  not  man}'  years  since.  Mr.  Rae  also  took  some 
credit  to  himself  for  remedying  the  evils  to  which  he  referred,  and  especially 
considered  himself  entitled  to  commendation  for  having  been  the  first  to  intro- 
duce the  plate-planing  machine  into  the  shipbuilding  yard.  This  apparatus  was 
now  almost  universally  employed  instead  of,  or  as  supplementary  to,  the  shear- 
ing machine,  and  Lloyd's  rules  distinctly  specify  that  all  "butts"  shall  be  planed. 
The  economy  and  excellence  of  iron  ship  building  had  been  enhanced  in  a  re- 
markable degree  by  the  use  of  the  planing  machine. 

The  author  next  addressed  himself  to  the  question  of  internal  defects  in  the 
construction  of  iron  ships,  and  pointed  out  more  particularly  the  weakness 
which  was  formerly  observable  in  regard  to  the  stem  and  stern.  In  1858  he 
decided  to  commence  an  improved  system  of  connecting  the  stem  and  stern  of 
vessels  entrusted  to  his  building  with  the  kelson.  The  kelson  plate  was,  in 
reality,  carried  up  the  stem  and  stern  to  a  considerable  height,  and  the  solidity 


•  Lecture  introductory  to  a  Course  on  Universal  History,  delivered  at  Jena,  1789. 
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of  the  vessel  was  thus  increased  three-fold.  The  plan  was  patented,  but,  by  a 
legal  quibble,  the  inventor  derived  no  advantage  in  a  pecuniary  sense,  but,  on 
the  contrary,  sustained  a  heavy  loss  in  the  shape  of  costs.  The  Admiralty  had 
adopted  the  scheme  without  recognizing  its  promoter,  and  it  was  now  public 
property,  for  all  who  were  engaged  in  iron  ship  building  knew  its  value  and  used 
it  as  freely  as  the  Government. 

Mr.  Rae  then  proceeded  to  say  that  all  iron  vessels  ought  to  be  built  with  an 
internal  as  well  as  an  external  iron  skin,  the  latter,  of  course,  being  of  the 
greater  thickness.  Both  should  be  made  perfectly  watertight.  Between  the 
inner  and  the  outer  skins  a  series  of  bulkheads  (say  9ft.  apart),  and  extending 
frc  n  gunwale  to  gunwale,  should  be  affixed.  The  spaces  between  the  bulkheads 
should  be  filled  in  with  asphalte,  so  as  to  prevent  water  passing  from  one  space 
to  another. 

Such  an  arrangetnent  would  add  but  little  to  the  original  cost  of  the  ship, 
whilst  it  would  increase  her  strength  fully  50  per  cent.  A  ship  was,  indeed,  "  a 
thing  of  beauty,"  as  well  as  a  valuable  minister  to  the  wants  of  mankind,  and 
it  was  the  duty  of  an  enlightened  country  like  ours  to  frame  stringent  laws  for 
governing  its  constructionand  thus  to  promote  the  safety  of  those  who  entrusted 
their  lives  to  the  ocean. 

Mr.  E.  J.  Reed.  Chief  Constructor  of  the  Navy,  commenced  the  discussion 
which  followed  the  paper,  and  in  doing  so  said  that  he  agreed  with  its  author 
as  to  the  generally  faulty  construction  of  iron  ships  as  built  some  few  years 
since.  Even  now  he  thought  that  legislation  might  be  beneficially  employed 
in  regard  to  the  construction  of  iron  ships  for  commercial  purposes.  He  con- 
sidered that  the  Admiralty  had  not  acted  unfairly  towards  the  reader  of  the 
paper.  That  gentleman  had,  no  doubt,  discovered  the  weak  points  to  which  he 
had  referred  in  regard  to  the  stems  and  sterns  of  the  older  iron  ships,  but 
so  had  many  others,  and  it  was  hardty  to  be  expected  that  so  self  evident  an 
improvement  could  come    under  the  prohibitory  provisions  of  letters  patent. 

As  to  the  double  skinned  vessel  with  "  asphalte"  filling  between  the  bulk- 
beads,  he  had  little  faith  in  it.  The  ship  in  such  case  would  be  permanently 
loaded  very  much  to  her  detriment  whilst  the  contingent  advantage  was  pro- 
blematical. He  wishes  also  to  say  that  in  every  instance  where  bulkheads  were 
used  in  the  Royal  Navy,  their  water-tight  qualities  were  tested  by  hydraulic 
pressure. 

Mr.  Wearing  combated  some  of  the  propositions  of  Mr.  Reed,  and  considered 
that  the  government  was  rather  apt  to  appropriate  the  inventions  of  those  who 
submitted  them  for  consideration.  The  patent  system  was,  on  the  whole,  good, 
but  it  required  some  modifications. 

Mr.  Vinicombe  defended  the  Government   from  the   charges  made  agaiust 

it- 
Mr.  Campbell  followed  in  the  same  direction,  and  cited  cases  where  compensa- 
tion bad  been  awarded  for  valuable  communications. 

Messrs.  Stabler,  Taylor,  Clark,  Ives,  Walker,  the  chairman,  and  others,  con- 
tinued the  discussion,  and,  finalty,  a  vote  of  thanks  was  unanimously  awarded 
to  Mr.  Rae,  who,  in  returning  thanks,  took  occasion  to  reply  to  some  of  the 
objections  of  Mr.  Reed  and  others  who  had  differed  with  his  (Mr.  Rae's)  pro- 
positions.    At  a  late  hour  the  sitting  terminated. 


ROYAL  GEOGRAPHICAL  SOCIETY. 


At  the  usual  fortnightly  meeting  of  this  society,  on  April  19th,  Sir  R.  I. 
Murcliison,  President,  in  the  chair,  the  Rev.  F.  W.  Holland  gave  an  account 
of  the  recent  explorations  in  the  Peninsula  of  Sinai,  made  by  officers  and  men  of 
of  the  Royal  Engineers,  supported  by  public  subscription,  and  by  several 
gentleman  who  bad  volunteered  their  services  in  the  work.  The  principal  task 
undertaken  by  the  party  was  the  survey  of  a  district  15  miles  square  around 
Mount  Sinai  and  Jcbcl  Serval,  on  the  scale  of  six  inches  to  the  mile; 
Mr.  Holland,  having  explored  the  peninsula  on  previous  occasions  on  foot, 
offered  his  aid  as  a  guide  op  to  tiie  month  of  February,  when  he  was  obliged 
to  return  to  England-  The  organization  of  the  expedition  was  all  that  could  be 
wished.  It  was  under  the  command  of  Captains  Wilton  and  Palmer,  and  com- 
prised a  photographer,  naturalist,  &c. ;  an  important  member  of  it  was  Mr. 
rainier,  of  St.  John's  College,  Cambridge,  an  able  Oriental  scholar,  who  was 
distinguished  during  the  journey  by  the  cognomen  of  the  "  Pundit,"  and  who 
employed  himself  throughout  the  survey  noting  down  Arab  legends,  copying 
and  Studying  the  numerous  Rock  inscriptions,  regarding  which  he  made  im- 
portant discoveries,  to  he  made  known  on  his  return  to  England  at  the  end  of 
.May.  The  expedition  arrived  at  Sue/  on  the  8th  of  November,  and,  Arab 
attendants  being  prepared  beforehand,  they  were  all  en  mnli  lor  the  Desert  by 
the  ntli.     They  kept  along  the  eastern  shore  of  the  Gulf  of  8nez,  as  faraa 

Wady  Gbnrundel,  and  then   struck  inland  lor  Jehi.l    UoSSt,   which  they  reached 
after  a  march  of  ten   days.     Tents  were  pitched  at  the  toot   of  Aaron's  Hill,  all 

the  Arabs  dismissed,  and  the  work  of  the  survey  immediately  commenced-     S  i 

'il  was  the  country  that  it  would  have  been  hardly  possible  to  carry  the 
instruments  to  the  more  elevated  stations,  wero  it  not  that  they  were  aided  bj 
several  Arab  ibex  hunters.  The  peaks  of  Kas  Sufsiiftli,  forming  the  northern 
portion  of  Mount  Sinai,  were  the  central  point  of  the  survey  ;  they  TIM  preci- 
pitously from  the  plain  to  a  height  of  2,OOOft.  In  the  valleys  around  an. I  mi 
the  slopes  the  remains  of  ancient  cultivation  and  reservoirs  were  continually 
met  with  and  great  numbers  of  hermits'  cells  ;  the  whole  country,  though  now 
a  desert,  must  have  formerly  beeu  a  blooming  garden.  The  party  moved  to 
Jcbel  Serval  on  the  1st  of  January.  During  tho  survey  Mr.  Palmer  and  Mr. 
Holland  copied  more  than  1,000  Sinaitic  inscriptions.  The  most  important 
fact  relating  to  them  was  that  in  several  cases  tho  Greek  and  Sinaitic  occurred 
together,  undoubtedly  engraved  by  the  same  band,  and  by  means  of  these  Mr. 


Palmer  has  been  enabled  to  demonstrate  the  value  of  every  letter  in  the  Sinaitic 
alphabet.  With  regard  to  authorship,  there  could  be  no  "doubt  that  they  were 
the  work,  not  of  pilgrims,  but  of  a  commercial  community  who  inhabited,  or 
at  least  colonized,  the  peninsula  for  the  first  few  centuries  of  the  Christian  era. 
A  second  paper  was  on  a  "  Journey  across  the  great  Salt  Desert  from  Hanfila 
to  the  foot  of  the  Abyssinian  Alps,"  by  Mr.  Werner  Munziuger.  This  journey, 
through  a  previously  almost  totally  unknown  country,  was  performed  in  June,' 
Mr.  Munzinger,  our  Vice-Consul  at  Massowah,  having  been  requested  to  explore 
this  route  in  anticipation  of  its  being  afterwards  required  for  the  purpose  of  the 
expedition  ;  it  proved  of  no  military  use,  but  the  observations  of  Mr.  Munzinger 
revealed  to  us  a  region  of  great  interest  in  its  physical  geography.  A  great 
portion  of  the  area  was  found  to  lie  below  the  sea  level ;  this  depressed  part 
being  separated  from  the  maritime  district  by  a  ridge  of  gypsum,  and  bounded 
on  the  south  by  the  Volcanic  Artali  range,  from  the  chief  peak  of  which  smoke 
continually  issues.  The  basin  contains  a  large  deposit  of  salt,  on  which  the 
Abyssinians  depend  for  their  whole  supply.  Between  the  saline  depression 
and  the  plateau  is  a  hilly  country,  traversed  by  streams  which  descend  from 
the  highlands,  but  lose  themselves  in  swamps,  or  become  evaporated  iu  the 
plain.  The  whole  region  is  peopled  by  a  race  which  has  hitherto  been  called 
the  Danahil,  but  this  name  applies  only  to  a  small  portion  of  them.  The  true 
name  of  the  country  and  the  language  is  the  Afar.  Concerning  these  singular 
people,  Mr.  Munzinger  communicated  some  interesting  details.  Colonel  J.  A. 
Grant  spoke  on  the  subject  of  the  paper,  and  expressed  a  high  opinion  of  the 
merits  of  Mr.  Munzinger,  and  his  services  to  our  army.  The  following 
new  members  were  elected : — E.  C.  Bowra,  F.  J.  Galsworthy,  C.  T.  Gardner, 
and  E.  J.  Leveson. 


MANCHESTER  STEAM  USERS'  ASSOCIATION- 
CHIEF  ENGINEERS'  MONTHLY  REPORT. 

At  the  Ordinary  Monthly  Meeting  of  the  Executive  Committee  of  this 
Association,  held  at  the  offices,  41,  Corporation-street,  Manchester,  on 
Tuesday,  April  6th,  1869;  Hugh  Mason,  Esq.,  Vice-President,  Ashton- 
under-Lyne,  in  the  Chair;  Mr.  L.  E.  Fletcher,  Chief  Engineer,  presented 
his  report,  which  was  for  two  months,  as  at  the  last  monthly  meeting  the 
attention  of  the  Committee  was  taken  up  by  the  consideration  of  the 
annual  report,  then  in  preparation  for  the  general  meeting  of  the  sub- 
scribers since  held  on  the  9th  of  March. 

"  During  the  past  two  months  477  visits  of  inspection  have  been  made, 
and  1,052  boilers  examined  :  764  externally,  9  internally,  12  in  the  flues, 
and  267  entirely,  while,  in  addition,  11  have  been  tested  by  hydraulic 
pressure.  In  these  boilers  190  defects  have  been  discovered,  7  of  them 
being  dangerous.  Furnaces  out  of  shape,  6, — 1  dangerous ;  fractures,  35, 
— 2  dangerous;  blistered  plates,  15;  internal  corrosion,  38, — 1  dangerous; 
external  ditto,  27, — 2  dangerous;  internal  grooving,  14, — 1  dangerous; 
external  ditto,  2;  water  gauges  out  of  order,  i);  blow-out  apparatus  ditto, 
S;  fusible  plugs  ditto,  2;  safety-valves  ditto,  4;  pressure  gauges  ditto,  9; 
boilers  without  glass  water  gauges,  1 ;  without  pressure  gauges,  1 ;  without 
blow-out  apparatus,  1 ;  without  feed  back  pressure  valves,  18. 

Tabular  Statement  of  Exri.osioxs, 
From  January  23rd,  1869,  to  March  26th,  1869,  inclusive. 


Pro(rre8si  ve 
Number 
for  1868. 

Date. 

3 

Jan.  26 

4 

Jan.  27 

5 

Feb.    2 

6 

Feb.  12 

7 

Feb.  15 

8 

Feb.  2.1 

:> 

Mar.  .'! 

10 

Mar.  :i 

11 

Mar.  18 

General  Description  of  Doiler. 


Cylindrical,  Flat-ended, 
Externally  fired 

Cylindrical,  Camber-ended, 
Externally  fired 

Plain  Cylindrical,  Egg-ended 
Externally  fired 

Plain  Cylindrical.  Kgg-endcd 
Externally  Bred 

Single-tine,  or  Cornish, 
Intern  illy  Bred  

Marine —  Particulars    not 
yet  fully  ascertained 

Particulars    not    yet    fully 
ascertained 

Plain  Cylindrical,  Kgg-endcd 

Externally  tired 

Single-flue,  or  Coi  ai 

Internally  tired    .... 


Persons 
Killed. 


Persons 
Injured. 


Total . 


1 
1 

4 

•2 
0 

a 

•_> 

t 
•I 


Total. 


17 


IU 


18 


138 


THE  AB-TIZAN. 


[June  1,  1869. 


"  During  the  last  two  months  nine  explosions  have  occurred,  killing  two 
persons  and  injuring  seventeen  others.  Not  one  of  the  boilers  in  question 
was  under  the  inspection  of  this  Association." 

The  last  Ordinary  Monthly  Meeting  of  the  Executive  Committee  of  this 
Association  was  held  on  Tuesday,  April  27th,  1869,  when  Mr.  L.  E. 
Fletcher,  Chief  Engineer,  presented  his  report,  of  which  the  following  is 
an  abstract : — 

"  During  the  past  month  221  visits  of  inspection  have  been  made,  and 
489  boilers  examined :  279  externally,  7  internally,  6  in  the  flues,  and  197 
entirely,  while,  in  addition,  1  has  been  tested  by  hydraulic  pressure.  In 
these  boilers  143  defects  have  been  discovered,  7  of  them  being  dangerous. 
Furnaces  out  of  shape,  10;  fractures,  30, — 2  dangerous;  blistered  plates, 
11, — 1  dangerous ;  internal  corrosion,  22 ;  external  ditto,  22,-3  danger- 
ous; internal  grooving,  21, — 1  dangerous;  external  ditto,  4;  water  gauges 
out  of  order,  7;  blow-out  apparatus  ditto,  6;  fusible  plugs  ditto,  2; 
pressure  gauges  ditto,  4 ;  boilers  without  pressure  gauges,  1 ;  without  feed 
back  pressure  valves,  3. 

"  During  the  stoppage  of  the  mills  at  Easter,  advantage  was  taken  of 
the  opportunity  for  making  as  many  internal  and  flue  examinations  as 
possihle  of  the  boilers  enrolled,  the  engineering  staff  engaged  in  the  office 
turning  out  to  assist  the  inspectors  in  getting  inside  the  boilers  and  up  the 
flues.  In  this  way  a  large  number  of  entire  examinations  was  made,  and  a 
great  many  of  the  members  were  accommodated.  The  whole  number  of 
these  entire  examinations,  however,  does  not  appear  in  the  above  list,  as  a 
portion  was  included  in  last  month's  return. 

"  The  defects  met  with  were  not  generally  of  a  novel  character,  so  that 
only  one  of  them  merits  remark  on  the  present  occasion.  This  was  a  case 
of  fracture  which  occurred  to  a  blow-out  elbow  pipe  from  its  being  tightly 
bound  in  the  brickwork  setting,  when  the  movement  of  the  boiler,  conse- 
quent either  on  its  settlement  or  the  expansion  of  the  parts,  broke  it  in 
two.  This  occurred  when  the  boiler  was  in  work,  and  fortunately  was 
shortly  discovered  by  the  difficulty  experienced  in  keeping  up  the  water 
level. 

"The  objection  to  binding  blow-out  elbow  pipes  in  the  brickwork  has 
been  frequently  alluded  to  on  previous  occasions.  The  cross  wall  should 
be  recessed  so  that  the  elbow  pipe  may  be  quite  free ;  and  thus  unaffected 
by  the  movement  of  the  boiler,  be  less  exposed  to  corrosion,  and  at  the 
same  time  open  to  view.  This  arrangement  should  be  attended  to  in 
laying  down  all  new  boilers,  while  there  is  very  little  difficulty  in  intro- 
ducing it  in  those  already  set. 

"  Explosions. 

"  On  the  present  occasion  I  have  to  report  three  explosions,  by  which 
five  persons  were  killed  and  six  others  injured.  The  scene  of  the  catas- 
trophe has  been  visited  in  two  cases  by  officers  of  this  Association,  and 
details  of  the  explosions  will  be  found  below.  In  the  other  case  full  parti- 
culars have  not  yet  been  received,  but  I  hope  shortly  to  be  in  possession  of 
them.  Not  one  of  the  explosions  occurred  to  boilers  under  the  inspection 
of  this  Association.     The  following  is  the  monthly  tabular  statement : — 

Tabular  Statement  of  Explosions, 

From  March  27th,  to  April  23rd,  1969,  inclusive. 


Progressive 
Number 
for  1868. 


12 

13 

14 


Date. 


April  1 

April  11 
April  19 


General  Description  of  Boiler. 


Portable  Agricultural,  Loco- 
motive, 
Internally  fired 

Single-flue,  or  Cornish, 
Internally  fired 

Portable  Vertical, 
Internally  fired 

Total 


Persons 
Killed. 


Persons 
Injured. 


Total. 


n 


"  No.  12  explosion  occurred  at  two  o'clock  on  the  afternoon  of  Thursday, 
April  1st,  to  the  boiler  of  a  portable  agricultural  steam-engiue  engaged  in 
thrashing  out  a  rick  of  barley  at  a  farm-yard,  and  resulted  in  the  death  of 
one  person  as  well  as  in  injury  to  four  others. 

"  The  boiler,  which  was  of  the  multitubular  locomotive  type,  measured 
8ft.  6in.  in  length  and  2ft.  4in.  in  diameter  in  the  barrel  or  cylindrical  por- 
tion of  the  shell,  while  the  thickness  of  the  plates  was  five-sixteenths  of  an 
inch,  and  the  load  on  the  safety-valve  501b. 


"  The  boiler  gave  way  in  the  outer  shell,  which  was  completely  destroyed, 
being  rent  from  the  inner  casing  of  the  fire-box,  torn  up  into  a  number  of 
small  pieces,  and  scattered  in  every  direction,  one  to  a  distance  of  90 
yards,  another  to  100  yards,  while  the  smoke-box  door  was  thrown  to  a 
distance  of  150  yards.  On  the  occurrence  of  the  explosion  the  son  of  the 
proprietor,  who  was  close  to  the  engine  at  the  time,  was  killed  on  the 
spot ;  while  another  man  standing  by  him  is  reported  to  have  been  blown 
up  into  the  air  as  high  as  one  of  the  adjoining  stacks,  while  three  others 
were  scalded. 

"  The  evidence  given  at  the  inquest  with  regard  to  the  cause  of  the 
explosion  was  of  the  most  unsatisfactory  character.  The  engineer  from 
a  neighbouring  iron-works,  called  in  by  the  coroner  to  investigate  and 
report,  stated  that  he  found  the  boiler  ripped  from  end  to  end,  the  parts 
thrown  about  in  every  direction,  and  four  of  the  small  flue  tubes  collapsed 
and  rent.  He  attributed  the  explosion  to  shortness  of  water,  considering 
that  the  flue  tubes  had  been  rent  from  overheating,  when  some  of  the  water 
escaping  from  the  boiler  had  come  in  contact  with  the  heated  metal,  and 
produced  sufficient  pressure  to  cause  the  explosion.  It  must  be  clear  on 
the  face  of  it  that  this  evidence  is  absurd.  It  is  manifestly  impossible  for 
the  escape  of  water  from  the  flue  tubes  in  a  multitubular  boiler  to  create 
an  explosion  of  the  shell.  If  any  pressure  at  all  were  generated  thereby, 
and  this  is  more  than  improbable,  and  quite  unknown  in  practice,  it  would 
be  within  the  fire-box,  and  not  in  the  shell ;  whereas  it  was  the  shell  of  the 
boiler  which  was  torn  in  pieces,  while  the  fire-box  with  its  nest  of  tubes, 
though  hurled  to  a  considerable  distance,  was  comparatively  unhurt. 
Added  to  this,  the  rent  flue  tubes  formed  the  bottom  ro>v,  while  the  upper 
ones,  which  would  be  the  first  to  be  injured  by  shortness  of  water 
remained  sound.  The  fractures  in  the  flue  tubes  were  simply  the  result  of 
the  explosion,  and  in  no  way  connected  with  the  cause ;  and  may  well  be 
accounted  for  by  the  fact,  that  the  fire-box,  with  the  tubes  attached  to  it, 
had  been  thrown  over  the  thrashing  machine,  and  to  a  distance  of  25 
yards.  Besides  this,  the  crown  of  the  fire-box  was  uninjured,  though  it 
would  have  suffered  from  overheating  before  the  flue  tubes,  while  a  slight 
coating  of  incrustation  about  one  thirty-second  of  an  inch  thick  remained 
upon  it,  which  overheating  would  have  cracked  off,  so  that  it  is  clear  the 
explosion  was  not  due  to  shortness  of  water. 

"  The  simple  cause  of  the  explosion  was  the  malconstruction  of  the 
boiler.  The  manhole  was  not  strengthened,  as  it  should  have  been,  with 
a  substantial  cast-iron  mouthpiece,  through  the  neglect  of  which  so  many 
explosions  have  from  time  to  time  occurred,  the  particulars  of  which  have 
been  given  in  these  monthly  reports.  From  this  unguarded  manhole, 
which  was  placed  at  the  crown  of  the  outer  casing  of  the  fire-box,  the 
primary  rent  sprung,  which,  developing  in  various  directions,  ripped  the 
shell  into  fragments.  The  cover  of  this  manhole  was  of  the  dangerous 
internal  class,  illustrated  in  the  Association's  Monthly  Report  for  August, 
1867,  being  carried  by  a  couple  of  bridges,  from  each  of  which  two  bolts 
were  suspended.  An  attempt  had  been  made  to  strengthen  the  manhole 
by  an  external  wrought-iron  ring,  half-an-inch  in  thickness  and  one  inch 
in  width  ;  but  this  was  attached  to  the  shell  by  four  five-eighths'  rivets  only, 
while  the  heads  inside  the  boiler  were  nearly  gone.  In  consequence  of 
leakage  from  this  joint,  the  plate,  originally  five-sixteenths  of  an  inch  in 
thickness,  was  so  eaten  away  that  only  one-sixteenth  of  an  inch  remained. 
Had  this  manhole  been  strengthened  by  a  suitable  cast-iron  mouthpiece,  in 
accordance  with  the  explanation  and  sketch  given  in  the  Association's 
Report  for  October,  1866,  the  leakage  at  the  cover  would  not  have 
occurred,  and  thus  the  plate  would  not  have  been  eaten  away  by  corrosion, 
while  at  the  same  time  the  parts  would  have  been  strengthened  and  the 
explosion  prevented. 

"  When  the  causes  of  explosion  are  so  simple,  their  results  so  fatal,  and 
their  occurrence  so  frequent,  it  is  time  that  some  action  was  taken  to 
secure  common  sense  investigations  iato  these  matters.  At  present  boiler- 
makers  can  palm  off  on  the  public  bad  boilers,  and  steam  users  employ 
them  with  the  certainty  that  when  they  explode  with  fatal  consequences 
they  will,  by  the  help  of  a  coroner  and  his  jury,  be  publicly  absolved  from 
all  responsibility,  and  the  event  proclaimed,  as  it  was  in  this  case,  to  be 
'  accidental.' 

"  No.  14  Explosion,  which  was  of  a  very  fatal  character,  occurred  about 
four  o'clock  on  the  afternoon  of  Monday,  April  19th,  to  the  boiler  of  a 
portable  steam  crane  employed  on  a  jetty  in  unloading  barges.  On  the 
occurrence  of  the  explosion,  the  shell  of  the  boiler  was  thrown  into  the 
river,  and  the  fire-box  to  a  distance  of  about  25  yards  inland,  where  it  lay 
a  little  above  high-water  mark  on  the  edge  of  the  river,  while  the  crane 
was  shattered  to  pieces,  four  men  killed,  and  two  others  injured. 

"An  officer  from  this  Association  visited  the  scene  of  the  catastrophe 
very  promptly  after  the  explosion  had  occurred;  but  as  it  was  high  tide  at 
the  time  of  his  visit,  he  was  unable  to  see  the  shell,  which  was  only  visible 
at  low  water,  so  that  I  wait  a  report  of  further  visits  for  full  particulars. 
He  was  informed,  however,  that  the  exploded  boiler  was  in  every  respect 
similar  to  another  alongside  employed  in  the  same  service,  from  which  it 
would  appear  that  it  was  of  vertical  construction,  internally  fired;  that  it 
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measured  about  8ft.  6in.  in  height-,  4ft.  6in.  in  diameter,  and  three-eighths 
of  an  inch  in  the  thickness  of  the  plate,  the  pressure  at  which  it  was  worked 
being  401b.  per  square  inch. 

"With  regard  to  the  cause  of  the  explosion,  the  old  story  of  overheating 
of  the  plates  through  shortness  of  water  has  been  freely  circulated;  but 
this  may  be  at  once  contradicted,  as  the  fire-box  was  found  to  be  as  per- 
fect as  the  day  it  was  set  to  work,  and  showed  no  signs  whatever  of  over- 
heating. It  would  be  premature  to  give  a  positive  opinion  as  to  the  cause 
of  this  explosion  until  the  shell  can  be  further  examined;  but  this  oppor- 
tunity may  be  taken  of  pointing  out  that  this  boiler,  like  the  one  just 
referred  to  under  the  head  of  X  .  12  Explosion,  was  not  strengthened  at 
the  manhole  as  it  should  have  been  by  a  substantial  cast-iron  mouthpiece, 
while  from  the  direction  in  which  the  fragments  flew,  which  affords 
generally  a  very  cle'ir  indication  of  the  position  of  the  primary  rents,  there 
appear  to  be  grounds  to  suspect  that  the  boiler  first  gave  way  at  the 
unguarded  manhole.  But  whether  this  be  so  or  not,  the  fact  of  the  man- 
hole being  unguarded  was  a  dangerous  omission,  and  no  boiler  is  safe  under 
such  circumstances,  and  can  only  be  worked  at  the  risk  of  the  lives  of 
those  near  it.  The  adjoining  boiler,  already  referred  to,  should  not  be 
worked  another  day  without  having  the  manhole  guarded,  or  the  gang  of 
men  around  it  may  at  any  moment  be  blown  to  pieces,  as  has  so  frequently 
occurred  in  other  cases.  It  is  hoped  that  this  warning  will  be  of  some 
avail,  and  that  future  reports  will  not  have  to  include  the  slaughter  of 
several  more  poor  fellows  through  the  neglect  of  the  precaution  of  a  sub- 
stantial cast-iron  mouthpiece. 

"  Memorial  to  the  Home  Secbp.taby  ox  the  Uxsatisfactoby  INVES- 
TIGATIONS AT  FBESENT  CONDUCTED  BY  C'OBONEBS  WITH  EEGABD  TO 
FATAL  BOILEB  EXPL03I0NS. 

,:  It  will  be  remembered  that,  at  the  last  Annua'.  General  Meeting  of 
the  members  of  this  Association,  as  well  as  at  the  previous  one,  attention 
was  called  to  the  unsatisfactory  character  of  the  inquiries  conducted  by 
coroners  with  regard  to  fatal  boiler  explosions,  and  to  the  erroneous  verdicts 
returned  ;  while  it  was  shown  how  important  it  was  that  this  evil  should 
be  corrected  and  sound  information  disseminated  in  every  case,  in  order  to 
check  the  loss  of  li!e  and  suffering  at  present  recurring  week  by  week,  and 
at  the  same  time  render  unnecessary  any  further  Governmental  action 
which  might  prove  an  interference  with  the  freedom  of  the  steam  user. 
With  this  view  unanimous  resolutions  were  passed  at  both  of  these  meet- 
ings, requesting  the  Committee  of  Management  to  take  such  steps  as  they 
might  find  necessary  to  secure  these  investigations  being  rendered  more 
satisfactory,  so  that  the  truth  might  be  fully  arrived  at  and  plainly  spoken 
in  every  case. 

"  To  bring  the  subject  before  the  attention  of  the  public,  a  paper  with 
regard  to  it  was  read  at  the  Annual  Meeting  of  the  British  Association  for 
the  Advancement  of  Science,  held  in  Norwich  in  September  last ;  and  at 
the  Annual  General  Meeting  of  the  Steam  Users'  Association,  held  on  the 
9th  of  March,  it  was  proposed  that  the  attention  of  the  Government  should 
now  be  drawn  to  tin-  subject,  and  that  a  deputation  should  wait  upon  the 
Home  Secretary  with  a  memorial. 

"  No  time  was  lost  in  carrying  out  this  proposition.  At  the  following 
meeting  of  the  Executive  Committee,  held  on  the  6th  instant,  a  memorial 
was  submitted  for  approval,  discussed,  and  adopted;  and  Thomas  Bazley, 
tt.P.  in-  Manchester,  at  oner  communicated  with,  and  his  assistance 
in  the  matter  requested.  With  this  Mr.  Bazley  very  kindly  and  promptly 
Complied;  and  through  his  good  offices  a  deputation  of  the  .Manchester 
Steam  I  -its'  Association  had  an  interview  with  the  Right  Hon.  Henry 
Au-tin  Brace,  Her  Majesty's  Secretary  of  State  far  the  Homo  Department, 
on  Friday,  April  lilth.  Unfortunately, through  a  sudden  and  severe  attack 
of  Uinta*,  the  President,  William  Fairbairn,  Esq.,  C.E.,  E.U.S.,  I, !,.!>.,  .\  <■., 
mi  unable  to  accompany  tin;  deputation,  which  consisted  of  three  of  the 
Vice-Presidents — Thomas  Bazley,  Esq*,  .M.l'..  .Manchester;  Hugh  Mason, 
Eaq.,  Ashti  u-nndsr-Lynej  and  John  Penn,  Esq.,  C.E.,  I'.K.s.,  Qreenwieb. 
Also  of  John  Lancaster,  Esq.,  M.l'.,  Wigan,  ami  Thomas  Sebofleld,  Esq., 
Manchester,  members  of  the  Executive  Committee-]  as  well  as  of  John 
Hick,  Esq.,  .M.l'.,  Bolton*  Corresponding  Member,  and  Mr.  L.  10.  Fletcher, 
Chief  Enginei  r. 

"  Mr.  Bazley,    in    introducing   the  deputation   to   the    Home   Secretary, 

briefly  called  attention  to  the  lerioui  lo  i  of  lite  ami  raftering  emailed  by 

m-boiler  explosions,    This,  he  wished  I  i  point  out,  was  pr  ventible; 

and  to  explain  that,  it  was  the  wish  of  I  "■  memorialists  thai  coi 

should  be  empowered  ami  instructed  I  •  c  mmand  the  attendance  of  emi- 

engini  ers  to  give  evidence  when  conducting  Inqniries  in  const  quence 

of  these  and  disasters,  so  that  light  might  he  thrown  on  the  subject,  and 

ire  induced  ;  by  which  means  it  was  tbougbl  thai  tic  loss  of  lit' 

ami  propeity  now  occurring  would  he  much  lessened,  it  not  altogether 

ted.     In  order  to  give  some  ides  ol  tl  nature  ol  a  boiler 

explosion,  Mr.  Bazley  laid  before  Mr.  Bruce  lorae  photographic  •. . 

Ibe  scenes  of  these  catastrophes,  showing  the  havoc  and   desolation  occa- 


sioned,  and  concluded   by  presenting  Mr.   Bruce  with  the  memorial,  of 
which  the  following  is  a  copy  :  — 

"  To  the  Eight  Hon.  Henby  Austin  Betjce,  Hee  Majesty's  Seceetaby 
of  State  foe  the  Home  Department. 

"  The  Memorial  of  the  Manchester  Steam  Users'  Association  for  the  Pre- 
vention of  Steam-Boiler  Explosions,  and  for  the  Attainment  of  Economy 
in  the  Application  of  Steam. 

"  Sheweth, — That  your  memorialists  have  for  several  years  observed 
with  considerable  pain,  the  great  sacrifice  of  human  life  arising  from  the 
frequent  occurrence  of  steam-boiler  explosions,  while  they  have  at  the 
same  time  observed  the  unsatisfactory  character  of  the  inquiries  conducted 
by  coroners  with  regard  to  these  sad  catastrophes;  in  consequence  of  which 
the  opportunity  is  lost  of  disseminating  valuable  information  with  regard 
to  them,  and  thus  of  doing  much  to  prevent  their  recurrence,  so  that  these 
latal  disasters  go  on  week  after  week  unchecked. 

"  The  results  of  steam-boiler  explosions  are  most  serious.  As  many  as 
twenty-nine  persons  have  been  killed  by  a  single  explosion:  and  it  is  by  no 
means  infrequent  for  ten  or  twelve  lives  to  be  sacrificed  by  one  such  catas- 
trophe, and  several  able-bodied  men  to  be  seriously  injured  in  addition. 
Since  the  formation  of  this  Association  in  1854,  it  has  recorded  the  occur- 
rence in  dilferent  parts  of  the  kingdom  of  as  many  as  490  explosions,  by 
which  832  persons  were  killed  and  971  others  injured.  This,  however,  is 
by  no  means  the  whole  number  of  lives  sacrificed,  as,  in  the  earlier  years  of 
the  Association's  operations,  such  complete  records  were  not  obtained  of  all 
the  explosions  occurriug  throughout  the  United  Kingdom  as  is  now  the 
case,  so  tbat  many  escaped  its  notice.  It  may  be  stated  that,  at  the  pre- 
sent time,  nearly  fifty  explosions  occur  on  an  average  every  year,  killing 
from  sixty  to  seventy  persons,  and  injuring  as  many  others.  Many  of  the 
persons  killed  and  injured  are  bread-winners,  so  that  not  only  do  they 
suffer,  but  a  great  many  others  are  rendered  more  or  less  destitute. 

■'  The  number  of  persons  killed  every  year  by  boiler  explosions  exceeds 
the  number  of  passengers  killed  on  all  the  railways  throughout  the  United 
Kingdom.  From  the  return  published  by  the  Board  of  Trade,  it  appears 
that  during  the  last  six  years  123  passengers  were  killed,  while  during  the 
same  period  390  persons  were  killed  by  boiler  explosions  :  the  annual  ave- 
rage of  lives  lost  being  from  twenty  to  twenty-one  in  the  case  of  railway 
passengers,  and  of  sixty-five  in  consequence  of  boiler  explosions.  Thus  it 
will  he  seen  that  for  every  passenger  who  loses  his  life  by  railway  travel- 
ing three  persons  are  killed  by  boiler  explosions. 

"From  the  foregoing  it  will  be  seen,  that  the  annual  loss  of  life  from 
steam-boiler  explosions,  and  the  great  amount  of  suffering  and  destitution 
entailed,  which  falls  upon  a  class  who  are  unable  to  protect  themselves,  is 
a  subject  demanding  immediate  attention. 

"The  Manchester  Steam  Users' Association  for  the  Prevention  of  Steam- 
boiler  Explosions  has,  during  the  last  fourteen  years,  carried  out  amongst 
its  members  a  system  of  voluntary  periodical  steam-boiler  inspection.  This 
is  found  fully  adequate  to  the  prevention  of  explosions,  and  not  a  single 
boiler  ever  guaranteed  by  this  Association  has  exploded.  In  addition  to 
inspecting  the  boilers  of  its  members,  it  has  sent  its  engineer  to  visit  the 
scene  of  most  of  the  boiler  explosions  occurring  throughout  the  country, 
in  order  to  acquire  full  particulars,  and  arrive  at  the  cause  of  the  catas- 
trophe.  These  constant  investigations  have  shown  that  much  unnecessan 
mystery  has  been  attached  to  the  subject  of  Steam-boiler  explosions,  ami 
that  they  all  arise  from  the  simplest  causes,  and  could  readily  he  prevent)  d. 
A8  A  BULE,  EOILF.ES  BUBBT  SIMPLY  BECAUSE  THEY  ABE  BAD.  Bad  either 
from  original  malconstruction,  or  bad  from  the  effects  of  hard  work  ami 
old  age.  In  a  word,  the  cause  of  every  boiler  explosion  i^  Nhglkct,  and 
the  preventive  simply  C'aee. 

"  At  the  inqniriis,  however,  conducted  by  coroner.1",  the  truth  is  seldom 
arrived  at  and  seldom  ppoken.     The  most  frivolous  and  one-sided  Bvidl 
is  accepted.      The  explosions  arc  stat.il   to   he  wrapt  in  mystery,  ami   to  be 

altogether  unaccountable ;  or  they  are  attributed  to  t<  rr< stria!  magnetism, 
to  the  formation  of  explosive  gases,  t  .  the  accumulation  of  wind  in  the 
pipes,  to  atmospheric  influences,  or  other  purely  whimsical  and  imaginary 
causes,  while  a  verdict  ol  'accidental  death'  is  almost  universally  brought 

in;  though  the  simple  truth  of  the  matter  very  frequently  is,  that  lllO 
boiler  I  !   on    till  Horn   away  to   the   fhiekm-.    of  a   sheet  of 

paper,  when  it  has  exploded  from  simple  exhaustion,    Too  frequently,  in 
the  case  ot  expli  lions  resulting  entirch  fr  m  commercial  greed,  the  blame 
which  should  have  been  l»  me  by  the  bolli  r  ma  her  or  boiler  ownt 
on  the  i,  U(  i  attendant,  who  hat  eitbei  been  killed  bj  the  explosion,  or,  if 
alive,  i   or  too  ignorant  to  defend  himself,  in  coosequenoa  of 

which  the  poor  fellow,  who  has  had  a  narrow  escape  of  hi^  life  through 
working  hi  I  ad  boUi  r,  ii  I  on  a  chat  ge  i  f  manalaogl  I 

Thus  the  inquiries  el  present  conducted  bj  coronen  consequent  on  boiler 
ire  eminently  unsatisfactory,  and  ter;  -as 

well  as  much  injustice,  resnll  there! 

"It  i-  not.  however,  intended  by  these  remarks  to  cast  snj  reflection 
upon  coronen1  Inquests  as  an  institution.    <>n  the  contrary,  i;  Is  thought 
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that  a  considerable  public  service  would  be  rendered  if  advantage  was 
taken  of  the  coroner's  inquiry  for  arriving  at  the  cause  of  every  fatal 
boiler  explosion,  and  of  plainly  stating  the  truth,  while,  by  these  means 
alone,  much  would  be  done  towards  the  prevention  of  these  fatal  catastro- 
phes. It  is,  however,  desired  strongly  to  call  attention  to  the  insufficiency 
of  the  coroners'  investigations  in  connection  with  steam-boiler  explosions 
as  at  'present  conducted,  which  it  is  thought  is  due,  in  a  great  measure,  to 
the  rapid  growth  of  steam-power,  while  it  is  also  desired  to  point  out  how 
the  difficulty  may  be  met. 

"  The  plan  that  your  memorialists  venture  to  recommend  for  adoption 
is  simply  that  every  coroner  should  be  both  impowered  and  instructed, 
when  conducting  an  inquiry  consequent  on  a  fatal  steam-boiler  explosion, 
to  avail  himself  of  the  assistance  of  two  competent  engineers,  having  no 
connection  with  the  works  at  which  the  explosion  occurred.  These  engi- 
neers to  visit  the  scene  of  the  catastrophe,  investigate  the  cause  of  the 
explosion,  and  report  to  the  coroner  thereon ;  their  reports — which  might 
be  eitLer  joint  or  several,  as  found  most  convenient  in  each  case — to  be 
accompanied  with  explanatory  scaled  drawings,  showing  the  original  con- 
struction of  the  boiler,  and,  as  far  as  possible,  the  lines  of  rent,  as  well  a3 
the  direction  in  which  the  fragments  were  thrown,  and  the  distances  at 
which  they  fell.  The  engineers  to  attend  the  inquest,  and  assist  the 
coroner  in  his  examination  of  witnesses,  as  well  as  to  give  evidence  them- 
selves before  the  jury.  Further,  in  order  to  secure  to  the  public  the  full 
advantage  of  the  investigation,  the  engineers'  reports,  with  the  accom- 
panying drawings,  to  be  printed  and  deposited  in  the  Patent  Office,  and 
to  lie  there  for  inspection  and  purchase,  as  in  the  case  of  specifications  of 
inventions.  Also  copies  of  these  reports  to  be  forwarded  to  the  members 
of  both  Houses  of  Parliament,  as  in  the  case  of  reports  on  railway  acci- 
dents. 

"  By  the  adoption  of  such  a  course,  a  mass  of  most  valuable  information 
would  shortly  be  accumulated;  and  in  addition  to  this,  and  which  is  of  the 
utmost  importance,  the  responsibility  of  every  steam-boiler  explosion 
would  be  attributed  to  the  right  party.  This,  it  is  confidently  hoped, 
would  render  any  further  Governmental  action  unnecessary,  and  very  shortly 
put  down  steam-boiler  explosions  simply  by  the  force  of  truthful  investi- 
gation and  plain  speaking. 

"  The  fact  is  not  lost  sight  of  that  many  coroners  have  already  the  power, 
of  which,  in  some  cases,  they  avail  themselves,  of  remunerating  competent 
scientific  witnesses,  and  which  proves  of  considerable  public  service ;  but 
such  is  not  the  case  in  every  instance,  and  coroners,  to  whom  the  plan  pro- 
posed in  this  memorial  has  been  mentioned,  have  stated  that  it  would  prove 
of  considerable  assistance  to  them  in  conducting  their  investigations  on 
such  technical  subjects  as  boiler  explosions,  and  that  they  should  be  glad 
to  see  it  brought  into  operation. 

"Your  memorialists,  therefore,  earnestly  pray  that  such  steps  maybe 
taken  as  may  be  necessary  for  carrying  out  the  plan  suggested  above,  for 
rendering  the  investigations  of  coroners  consequent  on  steam-boiler  explo- 
sions more  searching,  and  the  verdicts  more  truthful  and  plain  speaking 
than  they  are  at  present ;  considering  that,  by  this  simple  measure,  much 
would  be  done  to  prevent  the  occurrence  of  these  sad  catastrophes,  and 
towards  the  saving  of  the  lives  of  those  who,  as  a  rule,  are  too  poor,  too 
friendless,  and  too  ignorant  to  protect  themselves." 


BLACKFRIARS   BRIDGE. 

This  magnificent  structure  is  fast  approaching  completion,  and  is 
expected  to  be  opened  about  the  end  of  this  month.  The  works  were 
begun  in  June,  1864— that  is  to  say,  the  old  bridge  was  closed  at  that  time. 
It  took  18  months  to  remove  that  ruinous  dilapidation,  and  it  was  not  till 
the  January  of  1866  that  the  present  structure  was  commenced.  It  has 
thus  taken  three  years  and  a  half  to  complete  it  from  first  to  last.  Old 
Blackfriars  was  commenced  in  1760,  and  finished  in  1769,  Vauxhall- 
bridge  was  begun  in  1811  and  finished  in  1816,  Waterloo-bridge 
was  also  begun  in  1811  and  finished  on  the  18th  of  June,  1817,  the  second 
anniversary  of  Waterloo,  after  which  victory  the  bridge  was  called;  South- 
wark-bridge  took  six  years  to  build,  Hungerford  five  years,  old  West- 
minster 11,  and  new  Westminster,  from  one  cause  or  another,  very  nearly 
the  same  time.  London-bridge  took  seven  years  before  it  was  completed. 
So  that  if  we  get  Blackfi  iars-bridge  in  three  years  and  a  half  from  its  com- 
mencement, we  shall  have  no  cause  to  complain  of  its  engineers,  or  of  the 
speed  with  which  the  contractors  have  done  their  work  under  them. 

As  far  as  regards  the  structure,  the  new  bridge  may  be  said  to  be  abso- 
lutely complete.    All  the  iron  ribs  of  the  arches  are  bedded  and  bolted 


together.  These  arches  of  wrought  iron  were,  of  course,  built  in  separate 
ribs,  but  were  not  laid  on  the  stonework  of  the  piers,  and  rested  entirely 
on  the  timber  centering,  with  their  ends  about  three-quarters  of  an  inch 
from  the  stone  piers,  from  which  they  were  wedged  up.  These  wedges 
have  now  been  knocked  out,  and  the  arches  allowed  to  settle  down  into 
their  places  on  the  stone.  No  bed  plates  were  used,  but  between  the  iron 
and  the  stonework  molten  lead  was  run  in,  and  when  this  had  hardened, 
the  wedges  were  knocked  away,  the  iron  ribs  at  once  came  to  their  proper 
bearings,  and  in  no  instance  was  any  perceptible  deflection  observed  when 
the  arches  were  thus  left  to  carry  their  own  weight.  The  centering  under 
the  arches  has  now,  therefore,  not  an  ounce  to  support,  and  is  simply  re- 
tained in  its  place  for  the  accommodation  of  the  painters  who  are  about  to 
paint  the  whole  structure.  The  ironwork  has  already  had  two  coats  of 
paint,  the  last  which  is  now  to  be  given  to  it  is  one  of  a  rich  bronze  green. 
The  outer  iron  spaudrils  of  the  arches  are  covered  at  the  intersections  of 
the  lattice  work  with  large  ornamental  bosses,  much  after  the  pattern  of 
the  well-known  heraldic  Rose.  These  decorations  are  to  be  richly  gilt,  and 
the  colonr  contrasts  which  will  be  afforded  by  the  gilding,  the  bronze 
green,  the  red  polished  granite,  and  the  white  carved  stonework  will  make 
this  bridge,  as  seen  from  the  river,  one  of  the  most  beautiful  works  of  its 
kind.  Every  one  of  the  granite  columns  have  now  been  fixed.  They  are 
the  largest  ever  used  in  any  bridge.  Each  of  them  cost  more  than  £800, 
for  they  are  nearly  24ft.  in  circumference,  and  have  been  polished  to  the 
smoothness  of  an  agate  surface.  Each  column  stands  on  a  richly-carved 
pediment  of  white  Portland  stone,  and  each  is  surmounted  by  a  most  mas- 
sive capital  carved  in  bird?,  flowers,  and  sea  and  river  weeds.  Four  of 
these  capitals  have  been  finished  by  Mr.  Phillips,  and  their  effect  is  really 
splendid.  The  other  four  are  well  in  hand,  and  will,  it  is  hoped,  be  ready 
when  the  bridge  is  opened.  Above  these  capitals  will  be  placed  the  carved 
recesses.  There  are  to  be  four  of  these  on  each  side  of  the  bridge,  so  that 
the  somewhat  bare  and  monotonous  outline  of  parapet  at  Westminster  is 
avoided.  Each  of  these  eight  recesses  are  to  be  10ft.  deep  by  13ft.  wide. 
They  will  be  fitted  with  plain  granite  benches,  but  the  outer,  or  river,  side 
will  be  carved  with  quatre-foils  deeply  cut,  but  not  pierced  through.  In 
such  a  hghly  ornamental  structure  as  this  is  to  be,  it  is  satisfactory  to 
know  that  the  lampposts  are  to  be  as  artistically  treated  in  form  an  orna- 
mentation as  the  rest  of  the  work.  These  standards  are  not  to  be  fixed  on 
the  parapet,  as  has  always  been  the  case  hitherto,  but  will  be  in  close  lines 
along  the  curb  at  each  side,  so  as  to  throw  the  greatest  amount  of  light 
over  the  broad  pavements  and  over  the  still  broader  roadway  for  the  use 
both  of  the  vehicles  and  pedestrians.  Lamps,  as  they  have  until  now  been 
placed,  lose  half  their  light  in  the  gloom  of  the  river.  In  each  of  the 
recesses,  however,  branched  lamps  will  be  placed  as  beacons  to  warn  the 
passing  river  traffic  by  night  where  the  sharp-edged  piers  are.  A  double 
row  of  lights  like  this  will  certainly  be  necessary  on  a  bridge  where  the 
footways  are  15ft.  broad  and  the  roadway  nearly  50ft.  About  two-fifths 
of  the  whole  bridge  have  already  been  paved  with  its  buckle-plates. 
It  will  take  upwards  of  a  million  rivets  to  rivet  them  all,  and 
sufficient  has  been  done  to  form  a  fair  path  across  the  whole  bridge,  while 
tie  two  shore  arches  are  quite  finished.  Each  of  these  arches  on  the 
Surrey  and  Middlesex  side  have  a  span  of  no  less  than  155ft.,  and  these 
are  the  smallest  in  the  structure,  though  they  are  3ft.  wider  than  the 
central  arch  of  London-bridge,  which  was  at  the  time  considered  the 
largest  arch  ever  attempted.  The  largest  arch  of  old  Blackfriars-bridge 
had  only  a  span  of  100ft.  The  centre  arch  of  the  new  bridge  has  a  span 
of  185ft. 

The  abutments  on  the  Surrey  side  have  now  been  quite  finished.  These 
are  noble  monuments  of  stone  work.  They  rise  with  the  solidity  of  the 
old  Egyptian  temples,  and  with  a  massiveness  that  is  really  grand.  They 
are  each  surmounted  with  bold,  splendidly-carved  cornices,  and  when. seen 
at  low  water,  rising  to  a  height  of  nearly  60ft.  from  the  shore,  they  have 
a  most  imposing  effect.  A  broad  square  stone  platform  is  left  on  their 
summits,  on  which  it  is  hoped  that  the  Corporation  will  place  groups  of  sta- 
tuary, either  in  bronze  or  stone,  though  the  former,  of  course,  would  be  more  in 
keeping  withthegeneralcharacterandcolourofthe  bridge.  Nearly  all  the  or- 
namental parapet-work  has  been  delivered  at  the  bridge,  but  only  a  few  short 
lengths  have  been  placed  in  position.  It  is  a  very  beautiful  specimen  of 
Venetian  Gothic*  in  its  most  florid  style,  and  does  great  credit  to  the 
founders.  From  the  inside  of  the  bridge  this  parapet  will  appear  rather 
low,  being  only  3ft.  6in.  in  height.  From  the  river,  however,  it  will  look 
hold  and  sufficiently  lofty,  as  it  will  stand  on  the  summit  of  a  rich  cornice. 
The  work  of  taking  down  the  scaffolding  has  been  already  commenced  in 
some  parts,  and  in  others  the  piles  around  parts  of  the  structure  will  be 
drawn.  There  are  altogether  nearly  6,000  loads  of  this  timber  to  be  re- 
moved above  and  below  water,  but  it  is  calculated  that  all  may  be  got 
away  within  a  couple  of  months.  Directly  the  new  bridge  is  opened  the 
work  of  pulling  down  the  temporary  wooden  one  alongside  it  will  be  pro- 
ceeded with.  This  temporary  bridge  remains  as  strong  as  ever.  It  is,  in 
fact,  a  temporary  bridge  only  in  name,  for,  with  repairs  to  piles  now  and 
then,  it   would  last  as  long  almost  as  old   Black-friars-bridge,  which  for 


June  1,  1869.] 


THE  ARTIZAN. 


141 


nearly  half  the  time  that  it  stood  was  in  a  state  of  chronic  dilapidation  and 
decay.  The  new  bridge  will  cost  altogether  about  £320,000,  or  at  the  rate 
of  about  £4  the  superficial  foofe.  At  this  rate  it  will  be  one  of  the  cheapest 
permanent  bridges  yet  built  in  Loudon. 


ROUTES  TO  INDIA. 

An  interesting  report  has  been  made  by  Captain  Tyler,  of  the  Board  of 
Trade,  on  the  facilities  afforded  for  communication  with  the  East  by  the 
railway  of  the  Brenner  Pass  and  the  harbour  of  Brindisi,  which  he  has 
recently  re-inspected.  He  describes  at  length  the  improvements  made  in 
the  harbour,  and  says: — While  it  is  true  that  the  excavations  have  not 
been  pushed  forward  during  the  last  three  years  with  much  energy,  it  must 
be  admitted,  on  the  other  hand,  that  the  Italian  Government  have  not 
received,  in  consequence  of  the  want  of  more  regular  and  rapid  communi- 
cation with  Brindisi,  much  encouragement  to  induce  them,  in  the  straitened 
condition  of  their  finances,  to  spend  more  money  in  a  shorter  time.  One 
of  the  principal  objects  which  they  have  in  view,  in  improving  this  har- 
bour, is  to  prepare  it  for  the  passage  of  an  Indian  mail,  and  thus  to  obtain 
its  recognition  as  a  point  of  departure  from  Europe  for  the  East •  and 
they  have  done  much  in  that  direction:  all  the  various  requirements  indi- 
cated in  my  report  of  1866,  with  the  exception  of  a  dock,  having  been 
taken  in  hand,  or  having  made  more  or  less  of  progress.  .  .  .  These 
arrangements,  and  the  works  generally  remaining  to  be  completed,  would, 
no  doubt,  be  expedited  if  there  were  any  immediate  prospect  of  the  em- 
ployment of  the  harbour  for  the  regular  Indian  mail  steamers,  and  the 
proposed  dock  would  in  that  case  be  very  necessary.  The  works  of  the 
Suez  Canal  have  of  late  made  so  much  progress  that  the  hope  may  now, 
perhaps,  be  indulged  of  seeing  it  prepared  at  no  very  distant  date  for  the 
passage  of  ocean  steamers,  and,  in  that  event,  of  contemplating  the  running 
of  steamers  direct  from  Brindisi  to  Bombay,  by  which  the  inconvenience 
and  expense  for  mails  and  passengers  of  transhipment  on  either  side  of  the 
Isthmus  would  be  avoided."  Captain  Tyler  took  the  opportunity  of  visit- 
ing the  port  of  Monopoli,  44  miles  from  Brindisi,  and  comes  to  the 
conclusion  that,  considering  all  the  circumstances,  Monopoli  cannot  he 
considered  as  a  rival  port  with  Brindisi  for  the  accommodation  of  steamers 
of  a  large  class,  and  for  the  main  purposes  of  Eastern  communication ; 
though  it  will  have,  when  the  contemplated  works  are  carried  out,  great 
advantages  for  the  traffic  and  commerce  of  the  district,  as  it  has  already 
for  local  residence.  He  next  describes  the  railway  journey,  and  the  con- 
struction of  the  line  and  carriages.  The  Brenner  Railway,  he  remarks, 
"  is  of  the  most  interesting  character.  It  is  16*61  Austrian,  or  about  76 
English  miles  in  length;  and  it  rises  from  a  height  of  829J  Austrian  feet 
above  the  sea  at  Botzen,  to  1,793  at  Brixen,  and  4,325  at  the  summit  of 
the  Pass,  descending  again  to  a  height  of  1,831*46  feet  above  the  sea  at  the 
I  nnspruck  station.  The  steeliest  gradient  on  the  ascent  from  Botzen  to 
Brenner  is  22*5  per  1,000,  or  1  in  44*4;  but  there  is  almost  a  continuous 
descent  from  Brenner  to  Innspruck  of  1  in  40.  The  sharpest  curves  have 
radii  of  900  feet  against  600  feet  for  the  Sommering  Pass.  The  longest 
bridge,  over  the  Eisack,  near  Mauls,  between  Freienfeld  and  Grassi,  has  a 
span  of  130ft. 

The  whole  of  the  works  have  been  constructed  in  the  most  substantial 
manner,  and  for  a  double  line  of  rails,  which  will  be  laid  when  the  traffic 
is  sufficient  to  require  them.  .  .  .  For  the  passenger  traffic,  six-wheel 
coupled  engines  are  used,  with  wheels  4ft.  in  diameter,  with  18in.  cylinders 
and  24  in.  of  stroke,  and  weighing  40  tons  each.  They  take  90  tons  of 
load  up  1  in  40.  The  wrought-iron  break-blocks  on  their  tenders  are 
found  to  lose  a  tenth  of  a  pound  for  every  200  Austrian  miles  run.  The 
system  of  continuous  breaks  on  the  carriages,  which  has  been  found  to 
answer  so  well  on  some  of  the  railways  of  this  country,  has  not  yet  been 
adopted  on  the  Brenner  Railway,  the  ordinary  practice  being  to  employ 
separate  breaks  on  half  the  vehicles  in  each  passenger  train,  and  on  one- 
fourth  of  the  Vehicles  in  each  goods  train.  But  the  guards  and  breaksmen 
can  each  apply  two  breaks,  the  break  vehicles  being  placed  with  their  cabs 
and  brink  handle!  next  to  each  other.  The  running  speed,  ascending  and 
descending,  is  about  27  kilometres  per  hour,  anil  the  drivers  are  permits  d, 

when  then  they  are  behind  time,  to  increase  their  speed  by  o fifth  in 

ascending,  and  by  one-tenth   in   descending.     .     .     .     This   railway    aoTOSl 

tin-  Alps  though  it  panes  over  so  great  an  elevation,  and  through  bo  ditii- 
cnlt  and  romantic  b  district,  has,  thanks  to  the  skill  of  the  engineer,  nothing 
exceptional  about  it  to  prevent  it  being  worked  much  in  the  same  way,  and 
with  the  same  means  and  appliances,  as  am  other  railway.  The  steepest 
gradients,  1  in  40,  are  not  more  severe  than  those  on  the  Sommering  Pass, 
over  the  Ghauts  for  the  Great  Indian  Peninsular  Railway,  ox  on  the  Giovi 
incline  in  Italy,  and  are  not  indeed  so  -even-  m  some  which  are  constantly 
worked  with  heavy  traffic  in  this  country,  inch  u  the  line  between  Dowlafs 

and  Brecon,  with  (ii  miles  of   I     in    89,  the    l.ickey    incline    of  1  in  '17  Dear 

Bromsgrove,  or  the  Folkestone  Barbour  incline  of  1  In  80>,  or  the  Oldham 
incline  of  l  ;n  27.    The  time  from   London  to  Alexandria  is  put  at   L60 

hours.     It  is   proposed  to  have  carriages  with   aOOOmmodltiOD    for  sleeping- 


for  refreshments,  for  through  circulation  in  the  carriages,  and  for  all  things 
necessary  on  the  journey. 

Captain  T3*ler  adds: — "  The  routes  via  Marseilles,  via  the  Mount  Cems, 
and  via  the  Brenner  may  appear  to  be  rivals  to  one  another,  and,  as  re- 
gards the  two  latter,  for  a  through  traffic  yet  to  be  increased  or  even  crea- 
ted. But  regular  means  of  communication  will  infallibly  bring  to  each  of 
them  passengers  and  goods  on  which,  as  yet,  we  do  not  calculate.  Having 
regard  to  the  interests  involved,  to  the  population  and  the  countries,  to  the 
commodities  to  be  exchanged,  there  can  be  no  doubt,  in  pursuance  of  all 
previous  railway  experience,  that  offering,  in  apparent  competition  with 
one  another,  increased  facilities,  they  will,  by  facilitating  additional  travel- 
ling, increasing  knowledge,  and  inducing  commerce,  contribute  to  the  ad- 
vancement rather  than  to  the  detriment  of  one  another.  There  will  in  time 
be  enough  passing  between  the  great  East  and  the  busy  West  to  support 
more  than  three  lines  of  through  communication.  .  .  .  These  routes  will 
however,  themselves  be  only  provisional,  pending  the  advance  of  railway 
communication  through  the  south-east  of  Europe  and  through  the  west  of 
Asia.  The  lines  by  Constantinople  and  the  Euphrates  Valley,  and  over  the 
Greek  frontier  to  Cape  Sunium,  so  near  to  the  Suez  Canal,  have  yet  in  pro- 
cess of  time  to  be  constructed ;  and  the  hope  of  the  Indian  traveller  of  the 
next  generation,  chimerical  as  it  may  appear  to  many  at  present,  must  be 
nothing  less  than  to  pass  dryshod  from  London  to  Bombay — through  a  sub- 
marine tunnel  from  Dover  to  Calais — through  Europe  by  railway — over  the 
Bosphorus  by  a  bridge  ;  and  forward  by  railway  down  the  Euphrates  Val- 
ley and  round  the  Persian  Gulf  to  Bombay." 


CORRESPONDENCE. 


We  cannot  hold  ourselves  responsible  for  the  opinions  of  our  Correspondents. 

INDIAN  CANALS. 
To  the  Editor  of  The  Aetizan. 

Sir, — In  an  article  in  The  Artizan,  of  the  1st  May,  you  quote  a  report 
from  "The  Englishman's  Overland  Mail,"  9th  March,  1869,  in  which  it  is 
stated  that  during  the  khureef,  or  autumn  crop,  446,000  acres  were  irri- 
gated last  hot  season,  and  you  estimate  that  the  probable  area  during  the 
cold  season  would  be  669,000  acres  more,  or  in  all  1,679  square  miles. 

Now  your  estimate  of  the  probable  area  for  the  cold  season  appears  to  me 
much  too  low ;  for,  though  it  is  nearly  correct  for  the  Eastern  Jumna 
Canal,  it  must  be  much  too  small  for  the  Ganges  Canal,  as  the  following 
abstract  will  show  : — 

Aastract  from  Revenue  Returns  of  Canals  in  the  North  Western 
Provinces.  Showing  the  Areas  Irrigated  during  the  Under- 
mentioned Years. 
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Ftdid  the  above  it  appears  that  on  the  Ganges  Canal  the  area  In 

during  the  ltnbl.ee.  or  cold  leaiOU,  is  in-.n  1\   .'1 1   times  greater  than  "hut   id 

watered  daring  the  khareef,  or  hot   season,  while  on  the  older  canal,  the 
m  Jumna  ('anal,  the  area  Irrigated  during   the  khareef  Is   rather 
moro  than  J  of  whnt  is  watered  daring  the  rnhht r  oold  »■  ithi  r  oropa. 

The  ^enernl  proportion  for  both  canals  is    that  the  ana    nratered  during 
the  cold  season  is  nearly  2j  times  greater  than  what  is  irrig » t <  d  daring  tin- 
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hot  weather ;  hut,  as  the  season  now  gone  hy  has  heen  an  abnormal  one, 
probably  a  much  greater  proportional  area  has  heeh  irrigated  hy  these 
canals  during  the  last  summer  than  has  been  during  the  cold  weather  just 
now  past.  To  be  within  safe  limits,  therefore,  judging  by  the  above 
abstract,  I  think  we  may  safely  calculate  that  twice  as  great  an  area  was 
watered  during  the  rubbee  than  the  khureef.  This  would  give  an  area 
of  892,000  acres  instead  of  669,000  for  the  rubbee;  that  is  348  square 
miles  require  to  be  added  to  your  estimate,  which  in  round  numbers  would 
run  the  total  up  to  rather  over  2,000  square  miles.  So,  taking  your 
other  figures  as  correct,  the  probable  number  of  human  beings  fed  by  the 
waters  of  these  two  canals  in  all  would  amount  to  no  less  than  2f  millions 
of  human  beings,  many  of  whom  must  have  perished  hut  for  these  two 
canals  during  the  past  year  of  drought.  Yours,  etc., 

Canal. 


REVIEWS  AND  NOTICES  0E  NEW  BOOKS. 

The  Carpenter  and  Joiner,  and  Elements  of  Sand-Hailing.  By  Robeet 
Riixdell.  Revised  edition.  Philadelphia :  Claxton,  Hemsen,  and 
HafMfinger.     London  :  Atchley  and  Co.,  106,  Great  Russell-street,  W.C. 

Since  the  time  of  Peter  Nicholson,  no  work  of  equal  value  and  complete- 
ness has  been  published  for  the  use  of  the  practical  carpenter,  joiner,  and 
staircase  band.  The  descriptive  text,  like  the  illustrations  given  in  the 
thirty  odd  plates,  is  so  excellent  and  intelligible,  that  but  little  study  is 
required  to  comprehend  perfectly  the  particular  subject  matter  under 
treatment. 

We  cannot  too  strongly  express  our  approval  of  the  work  for  its  practical 
merits.  The  style  in  which  the  book  is  got  up  is  highly  creditable  to  the 
printer  and  publishers,  and  altogether  it  is  the  best  work  of  the  kind  which 
has  heretofore  issued  from  the  press  in  England  or  America. 


Iron;  its  History,  Properties,  and 
William  Paiebaien,  C.E.,  LL.D., 
Adam  and  Charles  Black. 


Processes   of  Manufacture.     By 
&c.      Third  edition.     Edinburgh : 


This  valuable  work,  the  first  and  second  editions  of  which  have  already 
heen  fully  noticed  in  the  columns  of  The  Abtizan,  has  now  reached  its 
third  edition.  The  progress  in  the  manufacture  of  iron,  or  rather  in  the 
manufacture  of  that  species  of  iron  variously  called  steel,  "  steel  iron," 
"  homogeneous  iron,"  &c,  has  been  so  great  during  the  last  few  years  that 
new  editions  of  works,  professing  to  treat  thereon,  are  constantly  necessary 
to  keep  pace  with  such  improvements.  Thus,  since  the  last  edition  of  Mr. 
Pairbairn's  treatise,  the  improvements  there  predicted,  only  four  years 
ago,  have  become  accomplished  facts,  while  fresh  processes  have  sprung 
up  claiming  to  effect  still  greater  improvements,  both  in  the  quality  and 
price  of  this  material. 

The  accurate  and  comprehensive  tables  of  experiments  upon  various 
qualities  of  steel  obtained  from  different  manufacturers,  which  appear  at 
the  end  of  this  new  edition,  will  he  found  especially  valuable  to  engineers 
and  others  who  are  contemplating  a  more  extended  use  of  steel  in  the 
construction  of  large  buildings. 


The  Industries  of  Scotland  ;  their  rise,  progress,  and  present  condition. 
By  Datid  Beemuer.     Edinburgh :  Adam  and  Charles  Black. 

A  WOEK  professing  to  describe  the  industries  of  the  most  industrious  people 
in  the  world  would  naturally  be  expected  to  he  either  interesting  or 
valuable.  In  the  present  instance  that  expectation  is  fully  gratified,  as 
Mr.  Bremner'sbook  maybe  safely  said  to  he  both  valuable  and  interesting. 
The  subjects  upon  which  the  author  treats  are,  of  course,  very  numerous ; 
beginning  with  the  most  important — coal-mining — he  passes  on,  by  an 
easy  transition,  to  the  scarcely  less  important  industry — the  manufacture 
of  iron,  and  from  this,  of  course,  to  manufactures  in  iron.  Besides  these 
natural  productions  of  the  country,  almost  every  industry  that  has  attained 
to  importance  in  Scotland  is  graphically  and  cleverly  described,  such  as 
shipbuilding,  railways,  coachmaking,  manufactures  of  plate,  jewellery,  and 
various  metals,  woollen  and  cotton  manufactures,  calico  printing  and  dying, 
sewed  muslin,  fishing-nets,  paper-hangings,  floorcloth,  leather,  india- 
rubber,  glass,  paraffin,  and  others  too  numerous  to  mention.  These  various 
articles  appeared  originally  in  the  columns  of  the  weekly  issue  of  the 
Scotsman  newspaper — a  paper  justly  noted  for  its  enterprising  manage- 
ment. They  have  now  been  collected  together,  and  form  a  handsome 
octavo  volume,  the  original  text  having  been  subjected  to  caretul  revision, 
numerous  additions  made,  and,  where  it  was  considered  essential,  the 
latest  statistics  given. 


NOTES  AND  NOVELTIES. 


MISCELLANEOUS. 

During  a  late  extraordinary  freshet  in  the  Hudson  the  water  in  the  State  dam  opposite. 
Troy  rose  21ft.  ahove  high-water  mark,  and  by  its  enormous  pressure  carried  away  200ft. 
of  the  top  of  the  dam.  This  injury  will  seriously  affect  navigation  on  the  Champlain 
Lake. 

Advices  from  Alexandria  state  that  the  Egyptian  Government  have  just  made  an 
arrangement  with  the  Suez  Canal  Company  which  puts  an  end  to  every  anterior  and 
future  claim,  on  the  payment  to  the  company  of  £1,260,000  in  Government  securities. 

The  San  Francisco  Mechanics'  Institute  will  open  its  Seventh  Annual  Exhibition  next 
September,  in  a  building  covering  70,000ft.  of  ground,  and  erected  specially  for  the  pur- 
pose at  a  cost  of  45,000  dols. 

A  new  gum  has  been  introduced  into  the  trade,  obtained  from  trees  in  New  Zealand  ; 
it  is  called  kourie,  and  has  been  found  to  be  a  most  excellent  strong  and  water-proof 
cement  for  caulking  tanks,  and  cementing  pieces  of  glass,  stone,  or  wood  together.  Be- 
fore using,  it  is  fused  and  mixed  with  one  third  part  of  its  weight  of  castor-oil. 

Manupactuee  of  Safes  in  Victoeia. — Large  premises  have  been  fitted  up  in  this 
colony  for  the  manufacture  of  colonial  safes,  which  are  actually  stated,  by  a  colonial 
paper,  to  be  superior  to  those  of  English  make.  There  is  a  large  demand  for  them 
in  the  colony,  and  it  is  said  they  can  be  made  20  per  cent,  cheaper  than  the  English 
article. 

Cultivation  oe  Sugae  in  Queensland. — In  the  cultivation  of  the  sugar-cane  the 
great  drawback  hitherto  has  been  the  probable  difficulty  of  getting  it  crushed,  but  this 
difficulty,  when  fairly  taken  in  hand,  appears  to  be  vanishing  quickly,  and  we  hear  of  the 
breadth  of  land  under  sugar  being  increased  on  all  sides.  The  initiation  of  small 
machinery,  although  not  so  economically  worked  as  mills  of  greater  power  and  capability, 
will  go  far  towards  dissipating  those  groundless  fears  which  have  hitherto  had  possession 
of  the  farmers'  minds.  Information  of  the  successful  working  of  these  mills  will  be 
hailed  with  great  satisfaction  by  many  wno,  while  unable  to  procure  the  expensive 
machinery  heretofore  considered  necessary,  may  be  able  to  procure  an  arrangement  cost- 
ing about  one-tenth  of  the  amount.  There  are  already  two  mills  worked  by  horse-power, 
and  two  other  mills  are  to  be  erected  in  time  for  next  season's  crop,  both  of  much  larger 
size  than  those  previously  mentioned,  and  to  be  worked  by  steam-power.  In  every  dis- 
trict in  the  colony  where  agriculture  is  carried  on,  the  breadth  under  sugar  is  increasing, 
so  fully  satisfied  are  those  interested  that  the  success  of  sugar  cultivation  is  a  certainty. 
The  cost  of  manufaeturing  has  been  £5  7s.  6d.  per  ton,  including  cutting,  carting  and 
shipment.  Other  machinery  of  moderate  steam-power  is  shortly  expected,  and  it  will  be 
of  the  most  perfect  description,  and  include  all  the  latest  improvements.  That  it  will  be 
the  evident  necessity  of  every  planter  of  twenty  acres  and  upwards  to  supply  himself 
with  a  mill  is  certain,  for  the  distance  between  the  various  plantations  will,  in  most 
cases,  be  considerable,  and  the  heavy  carriage  an  insurmountable  difficulty ;  but  there  are 
many  other  reasons  besides  the  cost  of  carriage  to  induce  the  planter  to  bend  all  his 
energies  to  the  procuring  of  machinery  for  manufacturing  his  own  crop,  notwithstanding 
that  theorists,  and  even  some  practical  men,  have  declared  in  favour  of  large  contract 
factories. 

The  departure  of  the  German  expedition  to  the  North  Pole  is  fixed  for  the  7th  of  this 
month.  The  Germania  and  the  steamer  Sarmonia  will  proeeeddirect  to  the  Island  Jan- 
Mazen,  and  then  go  northward,  and  endeavour  to  discover  an  opening  in  the  ice  between 
the  74th  and  76th  degrees  of  latitude.  If  by  the  end  of  August  the  expedition  should  not 
have  succeeded,  the  vessels  will  go  and  pass  the  winter  either  at  Spitzbergen  or  at 
Gilsland,  and  resume  the  enterprise  in  1870. 

LAUNCHES. 

Messes.  A.  and  J.  Inglis,  launched  from  their  yard  at  Point  House,  on  the  Clyde, 
10th  ult.,  a  screw-steamer  named  the  Mallet,  built  to  ;the  order  of  Messrs.  Baring 
Brothers  and  Co.,  and  intended  for  the  China  coasting  and  river  traffic.  Immediately 
after  being  launched  she  was  towed  to  a  crane  berth  to  receive  her  machinery,  which  is 
supplied  by  the  same  firm. 

On  Monday,  the  8th  ult.,  there  was  launched  from  the  shipbuilding  yard  of  John 
Elder,  Esq.,  at  Fairfield,  Govan,  an  iron  screw  steamship  of  1,478  tons  builders'  measure- 
me.it.  As  she  left  the  ways  she  was  gracefully  christened  the  Benin,  by  Miss  Campbell, 
daughter  of  Duncan  Campbell,  Esq.,  of  London.  The  Benin  has  been  built  to  the  order 
of  the  African  Steamship  Company,  and  will  form  one  of  their  line  to  the  west  coast  of 
Africa.  Her  engines  are  ol  200-horse  power  nominal,  and  are  constructed  on  Mr.  Elder's 
patent  compound  principle. 

TELEGRAPHIC  ENGINEERING. 
Tilegbaphs  in  the  Miditeeeanean  —  The  Mediterranean  Extension  Telegraph  Com- 
pany (Limited)  have  notified  that  their  Corfu  office  has  just  been  connected  with  Santa 
Maura  by  a  telegraph  cable  laid  by  Messrs.  Newall  and  Co.,  of  Gateshead,  and  it  is  ex- 
pected the  other  Gieek  islands  will  be  joined  in  a  few  days.  These  islands  will  be  con- 
nected with  Athens,  and  by  a  cable  to  Syra,  the  chief  port  in  the  Levant. 

A  company  has  been  organized,  with  the  capital  subscribed,  to  construct  a  telegraph 
line  from  St.  Louis,  through  Texas,  to  the  Pacific  coast.  Some  of  the  parties  were  re- 
cently in  Washington  to  perfect  the  arrangement. 

STEAM  SHIPPING. 

Steak  to  Japan.— The  Peninsular  and  Oriental  Steam  Navigation  Company  have 
announced  an  accelerated  mail  communication  with  Japan.  Their  steamers  will  hence- 
forth run  fortnightly  from  Hongkong  to  Yokohama  and  vice  versa  direct,  instead  of  eta 
Shanghai,  as  heretofore.  The  Hongkong  and  Shanghai  mail  service  will  be  continued 
as  at  present.  The  gain  by  this  arrangement  will  be  five  days  on  the  homeward  passage 
and  two  days  on  the  outward  passage. 

The  passages  of  the  Somersetshire,  which  has  just  arrived  from  Melbourne,  were  sixty 
days  out  and  sixty  days  home.  She  was  coated  for  the  first  time  with  Messrs. 
Lamont  and  M'Innes's  compositions,  and  the  results  were  awaited  with  some  in- 
terest. 

A  numbee  of  yachts  are  being  built  on  the  Atlantic  coast  for  prominent  American 
citizens 

NAVAL  ENGINEERING. 

Naval  Economx.— The  Parliamentary  Committee  of  Inquiry  of  last  year,  presided 
over  by  Mr.  Seely,  has  already  resulted  in  greater  efficiency  and  economy  in  dockyard, 
management.  We  trust,  therefore,  that  Mr.  Seely  will  shortly  follow  up  his  own  recom- 
mendation—viz., "that further  inquiry  should  be  instituted  into  the  question  whether 
the  money  now  spent  upon  building  ships  is  employed  on  the  most  efficient  and  econo- 
mical class  of  ironclads.' 

DOCKS,  HARBOURS,  BRIDGES. 

The  New  Gbaving  Dock  at  Geeenock—  The  Greenock  Harbour  Trustees  recently 
held  a  special  meeting  for  the  purpose  of  considering  a  report  by  Mr.  Kinipple,  C.E.  re- 
garding the  plans  and  dimensions  of  the  proposed  graving  dock  at  Garvel  Park.  Provost 
Morton  presided  and  moved,  that  the  Trust,  having  considered  the  plans  of  Mr.  Kinipple 
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authorise  the  New  Works  Committee  to  instruct  him  to  prepare  detailed  plans  and 
specifications  of  the  minimum  dimensions  stated  in  his  report,  viz. :  500ft.  clear  length 
of  floor;  60ft.  coping  width  of  entrance ;  20ft.  water  on  sill  at  spring  tides ;  80ft.  inside 
breadth,  within  copings,  the  committee  to  report  to  the  Trust  the  precise  site  recom- 
mended, and  the  cost  of  the  whole  works  as  ascertained  by  tenders.  An  amendment 
was  proposed  that  the  width  and  depth  should  be  less  than  those  proposed  by  the  Provost, 
but  the  motion  was  carried  by  fourteen  votes  to  four  in  favour  of  the  amendment.  The 
estimated  expense  of  the  dock,  as  proposed,  is  £76,940;  of  which  £59,250  is  for  the 
dock,  £8,300  for  breastworks,  £4,890  for  channel,  and  £4,500  for  boiler  and 
engine. 

SHIPBUILDING. 
Yacht  fob  the  Peikce  of  Waies. — Messrs.  Harvey  have  launched  a  screw  steam 
yacht  of  40  tons  for  his  Royal  Highness  the  Prince  of  Wales.  The  dimensions  of  the 
yacht,  which  has  been  named  toe  Princeio,  are  as  follows :  Length  between  perpendiculars, 
68ft. ;  length  over  all,  78ft. ;  breadth,  lift. ;  height  in  cabins,  6ft.  4in. ;  draught  of  water, 
5ft.  Bin.  The  engines;  of  12-horse  power,  are  now  being  fitted  by  Messrs.  J.  Penu  and 
Son,  of  Greenwich.    The  yacht  will  be  ready  for  sea  in  about  three  weeks. 

APPLIED  CHEMISTRY. 

The  Substitution  of  Alttm-shale  toe  Bone-Black  in  Sugab  Maitufactube. — M. 
Belin  proposes  to  do  away  with  the  use  of  animal  charcoal  for  sugar  manufacturing  pur- 
poses, and  to  substitute  instead  the  exhausted  alum-shale  after  it  has  been  applied  to  the 
manufacture  of  alum,  or  sulphate  of  iron.  100  parts  of  juice  from  beet-root  require  from 
one  to  eight  parts  of  the  exhausted  shale.  The  liquid,  after  having  become  clarified,  is 
evaporated  to  26  degrees  Beaume"  in  contact  with  air  without  any  previous  filtration,  and 
next  concentrated  in  vacuum  pans  to  43  degrees.  The  concentrated  syrup  thus  obtained 
is  run  into  large  iron  tanks  and  left  to  crystallise.  The  only  advantage  gained  by  this 
process  is,  beside  the  saving  of  animal  charcoal,  the  obtaining  of  molasses  better  fit  for 
the  distillery  of  spirits. 

Bleachisg  Papeb  Pulp. — M.  Gauny  proposes  to  bleach  paper  pulp  by  means  of 
bichromate  of  potassa.  For  100  kilos,  of  pulp  (supposed  to  be  dry)  he  uses  50  kilos,  of 
bichromate  and  150  kilos,  of  hydrochloric  acid,  mixed  with  a  sufficient  quantity  of  water 
to  make  the  pulp  float.  After  twelve  hours'  standing,  the  chloride  of  chromium  is  washed 
out  by  means  of  clean  water,  and  the  pulp  treated  with  a  small  quantity  of  bleaching 
powder  to  make  it  thoroughly  white.  The  chloride  of  chromium  is  precipitated  by  means 
of  excess  of  lime,  and  this  mixture  calcined  in  a  reverberatory  furnace  where  .it  is  con- 
verted into  ehromate  of  calcium. 

Ehicolene. — Considerable  quantities  ofthis  highly  volatile  liquid  arenow  being  manu- 
factured for  commercial  uses.  It  is  the  lightest  of  all  known  liquids,  and  in  many  re- 
spects is  a  very  remarkable  substance.  Its  specific  gravity  is  0'625.  It  is  so  volatile  that 
a  small  portion  poured  upon  the  warm  palm  of  the  hand  produces  a  hissing  sound,  very 
similar  to  pouring  water  upon  hot  iron  ;  it  almost  instantly  vanishes  into  vapour.  It 
has  so  little  odour  that  an  ounce  of  it  evaporated  in  a  close  room  will  scarcely  be  noticed. 
It  is  manufactured  in  Boston,  and  put  up  in  packages  of  from  one  pound  to  five  gallons 
each. 

A  black  copying  ink,  which  flows  easily  from  the  pen  and  will  enable  any  one  to  ob- 
tain very  sharp  copies  without  the  aid  of  a  press,  can  be  prepared  in  the  following  man- 
ner:— One  ounce  of  coarsely  broken  extract  of  logwood  and  two  drachms  of  crystallized 
carbonate  of  soda  are  placed  in  a  porcelain  capsule  with  eight  ounces  of  distilled  water, 
and  heated  until  the  solution  is  of  a  deep  red  color,  and  all  the  extract  is  dissolved.  The 
capsule  is  then  taken  from  the  fire.  Stir  well  into  the  mixture  one  ounce  of  glycerine 
of  a  specific  gravity  of  I'M,  fifteen  grains  of  neutral  ehromate  of  potash,  dissolved  in  a 
little  water,  and  two  drachms  of  finely  pulverized  gum  arabic,  which  may  be  previously 
dissolved  in  a  little  hot  water  so  as  to  produce  a  mucilaginous  solution.  The  ink  is  now 
complete  and  ready  for  use.  In  well-closed  bottles  it  may  be  kept  for  a  long  time  with- 
out getting  mouldy,  and,  however  old  it  maybe,  will  'allow  copies  of  writing  to  be  taken 
without  the  aid  of  a  press.  It  does  not  attack  steel  pens.  This  ink  cannot  be  used  with 
a  copying  press.  Its  impression  is  taken  on  thin  moistened  copying  paper,  at  the  back 
of  which  is  placed  a  sheet  of  writing  paper. 

Cabbolic  acid  may  be  deodorized  by  mixing  it  in  a  crystallized  form  with  twice  its 
weight  of  gum  camphor,  and  adding  whiting  to  the  compound.  In  this  form  it  is  said 
to  be  valuable  both  as  a  disinfectant  and  as  a  protection  to  furs  against  moths. 

RAILWAYS. 

TnF.  Strathalbyn  and  Middleton  Railway  was  opened  for  traffic  on  Tuesday,  February 
23.  His  Excellency,  with  a  distinguished  and  numerous  party  from  Adelaide,  WW  pre- 
sent, and  the  demonstration  was  carried  throiiL'h  with  the  greatest  Mat.  The  line  is  21 
miles  long,  and,  for  the  present,  horse  traction  is  to  be  used  upon  it.  The  total  cost 
has  been  £104,000. 

The  trains  between  Paris  and  Florence  arc  accelerated,  and  a  gain  of  eleven  hours  in 
the  journey  is  the  result. 

The  jury  empanelled  to  inquire  into  the  Thirsk  accident  recommend  the  Immediate 
adoption,  by  the  North  Eastern  Company,  of  locking  signals,  to  the  absence  of  which 
the  accident  seems  due. 

Osb  of  Messrs.  Avclingand  Porter's  engines  is  now  in  ubo  by  the  Cape  Copper  Mining 
Company.  The  following  account  of  the  trial  is  extracted  from  tho  Cnpe  Argnt :—"  The 
trial  trip  from  this  place  to  Springbok  was  made  on  the  19th  inst.,  tin-  engine  leaving 
Ookiep  early  in  the  afternoon,  ascending  with  easo  the  steep  gradient  at  the  toll-gate, 
tng  through  the  village  to  the  reduction  works,  and  reluming  to  Ookiep  the  next 
day.  On  the  following  Tuesday,  under  the  management  of  Mr.  II.  Hoi  bead,  the  Com- 
pany's resident  engineer,  amorc  severe  trial  was  made,  the  engine,  in  the  presence  of  the 
Company's  lapBrtotl indent,  ascending  a  sleep  hill  on  the  Nababcep-road,  the  path  being 
in  places  very  roeky  and  cut  up  by  water-courses.  In  returning  to  Ookiep,  tho  old 
wagon  road  was  taken,  in  which  a  deep  "sluir"  was  met  with.  This  also  was  ca-ilj 
crossed.  The  engine  seemed,  in  fact,  able  to  make  its  way  almost  anywhere  that  an  ox- 
wagon  could  be  driven,  and  it  will  doubtless  render  valuable  assistance  in  the  transport 
Of  ores  and  materials. 

A  UAii.i.oAo  tie,  Oi  poll  li.  -I  California  laurel,  mounted  on  net  end  with  solid  silver, 
npanlcd  bj  a  spike  of  solid  gold,  costini  i   forwarded  from  San  Francisco, 

on  the  Mh  nit.  to  the  end  of  the  Central  Pacific  Railroad,  H  is  the  la  t  tie,  and  we 

lai'l  by  I. eland  Sant'ord,  on  the  sth  ult.,  thus  completing  the  Pacific  liailroad. 

ACCIDENTS. 

No  fewer  than  fourteen  large  looOmotlTI     haw  exploded  within  thapUl  m\  en  months 

in  the  United  States,  killing  twenty-nine  person!  ontrighl  and  leverelj  wounding  a  orach 

gr  Mier  Dumber. 

Oh  t.he  26th  of  April  the  steamer  SI  >  d  her  boili  rs  in  Mobile  May,  Alabama, 

Killing  one  Of  bet  Omoexa  and  seriously  injuring  six  other  person  . 

On  the  morning  of  April  24  the  steamer  Uiilda,  while  corning  down  the  Klseomi  rirer, 
■truck  n  Blonx    City,  and  began  to  sink.     Aaabowi  sinking,  the 

waiei  i  I  the  boilers,  and  they  suddenly  i 

illing  and  wounding  a  large  number  ofj  bore  been  but 

or  drowned,    and  ai  many  more  injured.     There  was  a  large  number  ei  United 
soldiers  on  board,   who  Were  coming  down  from  the   various  military  posts  among  the 
radian  tribes  from   the  I  ppei  Missouri. 
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COPPER. 

Best  selected,  per  ton    

Tough  cake  and  tile  do 

Sheathing  and  sheets  do 

Bolts  do 

Bottoms  do 

Old  (exchange)  do 

Burra  Burra  do 

Wire,  per  lb 

Tubes  do 

BRASS. 

Sheets,  per  lb 

Wire  do 

Tubes  do 

Yellow  metal  sheath  do 

Sheets  do 

SPELTER. 

Foreign  on  the  spot,  per  ton    

Do.  to  arrive 

ZINC. 
In  sheets,  per  ton 

TIN. 

English  blocks,  per  ton 

Do.  bars  (in  barrels)  do 

Do.refineddo 

Bancado 

Straits  do 

TIN   PLATES* 
IC.  charcoal,  1st  quality,  per  box 

IX.  do.  1st  quality  do 

IC  do.  2nd  quality  do 

iX.  do.  2nd  quality  do 

C.  Coke  do 

X.do.do 

Canada  plates,  per  ton 

Do.  at  works  do 

IRON. 
Bars,  Welsh,  in  London,  per  ton 

Do.  to  arrive  do 

Nail  rods  do 

Stail'ord  in  London  do 

Bars  do.  do. 

Hoops  do.  do 

Sheets,  single,  do 

Pig  No.  1  in  Wales  do 

Refined  metal  do 

liars,  common,  do 

Do.  mrch.  Tyne  or  Tees  do 

Do.  railway,  in  Wales,  do 

Do.  Swedish  in  London  do 

To  arrive  do 

Pig  No.  1  in  Clyde  do 

Do.  f.o.b.  Tyne  or  Tees  do 

Do.No.  3  and  4  f.o.b.  do 

Hail  way  chairs  do 

Do.  spikes  do 

Indian  charcoal  pig  in  London  do. 

STEEL. 

Swedish  in  kegs  (rolled),  per  ton.... 

Do.  (hammered)  do 

Do.  in  faggots  do 

English  spring  do 

'!<  [i  I silvee,  per  bottle 

LEAD. 

English  pig,  common,  per  ton 

Ditto.  L.B.  do 

Do,  vV.B,  do 

Do.  sheet,  do 

I).',  red  lead  do 

Do.  white  do 

Do,  patent  shot  d 

Spanish  do 
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THE  AUTIZAN. 


[June  1,  1869. 


LIST  OF  APPLICATIONS  FOR  LETTERS 
PATENT. 

We  have  adopted  a  new  arrangement  of 
the  Provisional  Protections  applied  for 
by  Inventors  at  the  Great  Seal  Patent 
Office.  If  any  pipficdlty  should  arise 
with  reference  to  the  names,  addresses, 
or  titles  given  in  the  list,  the  requi- 
site information  will  be  furnished,  free 
of  expense,  from  the  office, by  addrb3si no 
a  letter,  prepaid,  to  thh  editor  of 
"  Thb  Artizan." 

Dated  April  19th,  1869* 

1191  A.  Smith — Ornamenting  hats 

1192  R    Chapman— Railway  fishplates 

1193  J.  Horstey — Blasting-  powder  ] 

1194  H.  A.  Bonneville— Rims  of  hats 

1195  P.  Boar  chat;—  Raising  beer,  &c. 

1196  W.  H.  Smith— Lavatories, &c. 

1197  H.  Aiken — Treating  iron  ores 
3198  J.  E.  Ward— Hats 

1199  A.  V.  Newton— Friction  matches* 

1200  H.  Y.  D.  Scott— Pottery  kilos 

1201  S.  Shaw — Feed  water  apparatus 

Dated  April  20th,  1869.J 

1202  L.  Goetz— Cleansing  wool 

1203  A-  Brady — Producing  pure  iron   direct  from 
crude  iron  oie 

1204  F.  W,  Follows  and   J.   Bate— Sweeping  car- 
pets, &c. 

1205  N.  Wilson— Sewing  machines' 

1206  F.  Bartelf— Dressing  tin  ores 

1207  R.  J.  Ellis  aud  C.  L.  W.  Fitzgerald— Drying 
animal  matters 

1208  R.  C.  Rapier—  Railway  signals 

1209  W.  E.  Gedge— Water  meter 

1210  K.S.  Mackenzie- Fences     SZ 

1211  H.  Lee— Looms  I 

1212  G.  Greec—  Separating  ores 

1213  W,  R.  Lake— Improved  toyl 

1214  M.   Andrew— Vessels   for    containing]  oil  "or 
other  liquids,  &c. 

1215  W.  R.  Lake— Lamps 

Dated  April  21st,  1869. 

1216  W.  F.  Reynolds  and  J.  A.  Mays— Velocipedes 

1217  W.  Holloway — Manufacture  of  beverages  from 
cocoa  nibs 

1218  J.,    J.,   and    W.  Fletcher  —  Lubricating    the 
wheels  of  veloci  pedes 

1219  P.  R.  Hodge—  Cloth,  Stc. 

1220  E.;0.    Catrin— Key   to  act  as  a   cock   at   the 
upper"part  of  buttles 

1221  B.  Picard— Towing,  Stc. 

1222  J.  W.  McCarter—  Improvements  in  condensers 
for  steam  engines 

1223  T.;C.  Bull— Boots 

1^24  M.  Henry— Phosphate  of  lime 
122?  H.  C.  Mayer— Velocipedes 

1226  M.  Pletts— Oil  feeders 

1227  C  D.  Abel— Mural  paintings 

1228  C.  M.  Barker— Steam  generators 

1229  W.  Johnson — Communication  between  passen- 
gers, &c,  of  a  train 

1230  C.E.  Brooman — Dressing  fabrics 

1231  W.  Robinson— Sheets  of  steel,  &c. 

1232  J.  H.  A    Bleckmnn— Firearms 

1233  J.   Francis,  J.    Donaldson,  and   G.  Reavely— 
Locking  apparatus 

"Dated  April  22nd,  1869.   2 

1234  J.  Holding— Looms 

1235  G.  Damn,  J.,    T.,  R.,    and   S.    Stott— Carding 


1237  J.  Eccles — Lessing  warps 

1238  G.  White— Ship  weir 

1239  W.  Catchpool— Treatment  of  hay 

1240  J    C   Ridley— Treating  waste  raile,  &c. 

1241  M.  Hillary— Harrows 

1242  G.  G.  Tandy— Caiburetting  air 

1243  A.  Borgnet— Composition 

1244  A.  Borgnet— Paint 

1245  W.  R.  Lake— Locks 

1246  W.    R.  Lake— Communication     between    the 
passengers,  &.C.,  of  a  train 

I  Dated  April  23rd,  1869. 

1247  W.  Palliser  and  T.  English— Screw  bolts,  bolt 
holes,  &c- 

1248  N.WilBon— Velocipedes 

1249  G.  White— Motive  power 

1250  W.  A.  Little— Voltaic  batteries 

1251  G.  T.  Bousfield — Sheep  washing  apparatus 

1252  S.  Smith— Axle,  &e. 

1253  W.  B.  Dick— Extinguishing  fires 

1254  J.  Whittaktr— Moulding  wheels 

1255  H.    E.    Newton — Preventing   the  bursting  of 
steam  boilers 

1256  H.  E,  Newton— Puddling  iron 

1257  T.  Wilson-Cartridges 

1258  E.  Tattam— Construction  of  levers 

1259  E.  M.  Reilly— Explosive  bullets 

Dated  April  24th,  1869. 

1260  J.    Major,  W.  Wright,  and  G.   H.  Jones- 
White  l«ad 

1261  J.  Thompson— Working  machinery  to  any  re- 
quired power  without  fuel 

1262  H.  Reed — Pneumatic  apparatus   .  -4 

1263  A.  Muir— Stocks  and  dies 

1264  J.  and  B.  Weigel— Shiitstuds 

1265  R.  Foster— Crushing  and  pulverising 

1266  J.  Head— Hairows 

1267  S.  Brooke— Carding  wool 

1268  J.  Crab* ree— Cutting  shives,  &c. 

1269  C.  D.  Abel— Velocipedes 

1270  P.  Jensen— Sewing  machines 


1271  D.  A.S.  Macintosh— Cask  spile 

1272  A.  Jack — Reaping  machines 

1273  A.Clark — Reaping  machines 

1274  J,  Cudbird — Motive  power  machinery 
.275  O.  Engholra — Preserviug  food,  &c 

1276  O.  Engholm— Retaining  cau»ht  fish  ia  life  for 
market 

1277  J.  Scharr— Liquid  soap 

1278  T.  Forster  and  T.    B.   Cow— Compounds   con- 
taining india  rubber,  &c. 

1279  W.  R.  Lake— Axle  boxes 

Dated  Apktl  26th,  1369. 

1280  G.  White— Carding  tow 

1281  I.  Farrtll  and  \V.  Turuer— Velocipedes 

1282  A.  Watson— Sleeve  links 

1283  J.  Cunninsham — Cutting  sandwiches 

1284  H.  Hall— Obtaining  motive  power 

1285  J.  K.  Broadbent   and   S.  and   J.   Prestwich— 
Furnaees 

1286  J.  Smith— Signal  apparatus 

1287  A.  V.  Newt»n—  Reversible  parasol 
128S  W.  E.  Newton— Sceam  generators 
12B9  R.  Sterne— Anchors 

1290  S.  Oakman— Smelting  furnaces 
i29I  G.  Hawxhurst  and  J.  Pollock — Preventing  the 
corrosion  of  steam  boilers 

1292  W.  Prowett— Knitting  machines 

Dated  April  27th,  1869. 

1293  W.  R.  Lake— Locks 

1294  J.  P.  Cooper— Nuts  and  bolts 

1295  B  Dobson— Carding  engines 

1296  Hon.  R.  Flower  and  M.  Crowly— Organs 

1297  J.  Cane— Casesfor  fusees 

1298  J.  H.Sams— Sowing  machines 

1299  J- Anderson — Velocipedes 

1300  R.  Marshall— Wheels 

1301  H.  W.  Hart— Ovens 

1302  T.    Aspden   and  E.  H.     Lambert— Boots  end 
shoes 

1303  J.  H.  Simpson — Propulsion  of  trains 

Dated  April  28th,  1869. 

1304  O.  Mosdey — Smoking  pipes 

1305  T.  A.    Haberkora   and    B.   Rudolph— Sewing 
machines 

1306  I.J.  J.  Lewis— Ventilation  or  hats 

1307  J.  B.  Kroll  and  A.  Froment—  Percolators 

1308  G.  H«yes — Winding  yarns 

1309  N.  Voice— Cbsk  stands 

1310  H.  A.  Bonneville— Concentrating  the  caloric  of 
heated  water 

1311  J.  Pirn — Veutilating  apartments,  Sec, 

1312  L.  Isaac— Folding  tables 

1313  E.  Cooper— Ventilating  hats 

1314  T.  Bostock — Boots  and  shoes 

1315  R.  B*  Forbes— Rigging  vessels 

1316  J.  Frolich— Generating  gas 

1317  A.  Meredith— lion  and  steel 

1318  D.  Greig,  R   Burton,  J.  Gozuey,  and  T.  Atkin- 
son— Cultivating  land 

1319  W.  E.  Gedge— Pianofortes 

1320  H.    Bray   and    H.  Adams — Improvements    in 
sr  Taming 

1321  W.  R.  Lake— Generating  steam 

Dated  April  29th,  1869. 

1322  M.  Wilkin  and  J.  Clark— Radiating  the  axles 
of  Tail  way  carriages 

1323  K.  Griffith— Velocipedes,  &c. 

1324  O.  Rise— Steam  engines 

1325  J.  G.  F.  Blow  aud.W.  Blow— Driving  bands 
for  machinery 

1326  E.  Crowes-Applying  waste  heat 

Dated  April  30th  1869. 

1327  R.  Elsdon— Kilns  for   the  manufacture  of  lima 
and  cement,  &c. 

1328  W.  Spence— Manufacture  of  felt 

1329  J.  Broadfoot— Lavatories 

1330  J.  Jamieson  and  T.  Holt— 9 team 'engines 

1331  F.  Jaekson  and  T.    Corbett— Lubricators  for 
steam  engines 

1332  F.  Bujeaud— Bottle  envelopes 

1333  A.  Sleigh— Motive  power 

1334  R.  F.  Bigot— Level  with  minor 

1335  J.  R.  Jefferies—  Horse  rakes 

1336  H.  J.  Seeis— Harrows 

1337  R.  Craig— Manufacture  of  paper 

1338  R.  Ward— Oven  fur  baking,  &c. 

1339  E.  Tutte—  Hollow  walls 

1340  J.  Smith — Communication  between  the  passen- 
gers of  railway  trains,  &c. 

Dated  May  1st,  1869. 

1341  T.  Greenwood— Cutting  joints  for  boxes,  &c. 

1342  J.  Mackie— Breech  loading  firearms 

1343  J-  Wilson— Bobbins 

1344  W.  B.  Robbins— Hand  pumps 

1345  E   and  T.  Waltham— Engines  to  run  on   com- 
mon roads 

1346  J.  P.  Balm  and  R.  Newton— Worsted  spinning 
frames 

1347  J    B.  Blake— Velocipedes 

1348  G.  Ritchie— Stop  hinges 

1349  W.  Broughton  and  T.  Steven— Cooking  range 

1350  J.  Conway — Forge  fires 

1351  R.  Saunders- Cable  stoppers 

Dated  May  3rd,  1869 

1352  C  T.  Liernur— Inodorous  removal  of    human 
excrements 

1353  P.  Barry — Printing  machine 

1354  J-  Shackleton— Utilising  exhaust  bteam 

1355  S.  H.  Hodees— Heels  for  boots,  &c. 

1356  H.  Williams- Velocipedes 

1357  J.   B.  Nimmo— Lever  compensation  door  and 
gate  spring 

135S  B.  Hunt—  Spinning  hemp,  &c. 

1359  D.  P.  Wright  and  C   Butler— Lamps 

1360  F.  W.  Kasclowski — Separating  the  woody  par* 
from  the  fibre  cf  flax 

1361  P.  Southern— Furnaces 


Dated  May  4th,  1369. 3J 

1362  W.  Seed— Furnaces 

1363  E.  Thomas,  E   Thomas,  and  J.    Morris— New 
agricultural  implement 

1364  C.  Topham— Mincing  meat.  8tc. 

13C5  R.    Wuppensteiu — Registering   passengers   in 
omnibuses,  &c. 

1366  T.  Cockcroft— Window  sashes 

1367  J.  Bullough— Warping  machines 

1368  R.}Feunelly — Cases  for  the  conveyance  of  fresh 
meat 

1369  T.  Perkins— Reaping  machines 

1370  W.    E.    Gedge— Gas    apparatus    for    raising 
liquids 

1371  A.  and  E    Fau— Washing  skins 

1372  J.  Tall  and  A.  Williams— Bending,  &c,  metal- 

1374  A.  V.  Newton— Wheels 

1374  W.  E.  Newton — Engines  to  be  used  as  motors 
or  pumps 

1375  A.  C.  F.   Franklin  aud   E.  Dubois— Improve- 
ments in  gas  engiues 

Dated  May  5th,  1869. 

1376  T.Sibley— Velocipedes 

1377  D.  Adamson — Portable  ste?ra  engines 

1378  J.  P    Kent — Mortising  machines 

1379  G.  Clark— Cartridgse 

1380  W.  Mackean— Cattle  food 

13&1  E.  H.  Richmond — Preserving  meat,  &c 

1382  A.  Cocke — Ventilating  railway  carriages 

1383  H.   Highton,  M  A. — Making   artificial  stone 
&c.  ' 

1384  C.  Moore — Screw  prooeller 

1385  C.J.  Galloway  and  H.  Beckwith— Slide  valves 

1386  J.  E    Phillips— Sewiug  machines 

1387  R.  H.  Hay—  Reaping  machines 

1388  T.  Welton    Applying  oxygenated  charcoal 

Dated  May  6th,  1869. 

1389  E.  N.  Hudson— Carriages,  &c. 

1390  H.  E.  Newton— Enlarging  and  reducing  basso* 
reliefs 

1391  C.  D.  Abel— Treatment  of  cast  iron 

1392  J.  Tolson — Cleaning  the  cards  of  carding  ma- 
chines 

1393  W.  Bennett  and  J.Currall — Improvements  in 
kitchen  ranges 

1394  I.  Battinson,  G.  Battinson,  and  T.  Whitehead 
— Combing  wool 

1395  W.Galloway — Retarding  railway  trains 

1396  W.    Galloway — Communicating  between  pas- 
singers  and  guards 

1397  J.  Needbam— Velocipedes 

1398  G.Kent— Refrigerator 

1399  J.  M.  Hart- Safes,  &c. 

1400  G.  T.  Bousfield— Braces 

Dated  May  7lb,  1869. 

1401  E.  Seyd— Fluid  meters 

1402  R.  Feunelly— WashiDgout  casks 

1403  D.  and  A.  Posener — Pipes  for  smoking  tobacco 

1404  G.N.  Mansfield— Parquet  flooring 

1405  J.  Ramsbottom  and  T.  M.  Pearce — Steam  ap- 
paratus for  pumping 

1406  A.  J.  Murray— Reaping  machines 

1407  F.  Leonardtand  H.  Hewitt— Metallic  pens 

1408  J.  G.  Tongue— Envelopes 

Dated  May  8th.  1869. 

1409  F.  C.  K no wles— Converting  cast  lion  into  mal- 
leable iron 

1410  W.  Henderson — Finishing  woven  fabrics 

1411  B.  Hunt—  Horse  coilars 

1412  H.  Myers— Furnaces 

1413  E.  Maybury,  G.  Matthews,  andE.  Mars  ton— 
Puddling  furnaces 

1414  R.  Cadbury.  G.  Cadbury,  J.  M.  Rendall— Bis- 
cuit from  the  cacao  bean 

1415  E.  S.  Copemnu— Communicating  between   the 
several  parts  of  a  railway  train 

Dated  May  loth,  1869. 

1416  A.  B.  Hawes— Bottles 

1417  W.  N.  Nicholson — Hay  making  machines 

1418  H.  R.  Lumley— Treatment  of  molten  iron 

1419  H.  A.  Dufrene — Preserving  meat 

1420  E.  Field — Steam  fire-engines 

1421  C.Lauth — Dyeing  and  printing 

1422  R.  Blezard— Dressicg  millstones 

1423  W.  Currie— Cushions,  &c. 

1424  M.  S.  Wolfgang— Cricket  balls 

1425  R.  F.  Hoppe — Musical  boxes 

1426  W.  E.  Newton— Hardening    common  or  grey 
cast  iron 

1427  W.  E.  Newton— Gun  locks 
1423  W.  B.  Smith— Watohes,  &c. 

1429  J.  Witners— Water  meters 

1430  W.  R.  Lake — Bronze  ordnance 

1431  H.  Bessemer— Malleable  iron,  &c. 

1432  H.   Bessemer — Construction    and  working  of 
furnaces 

1433  ri  .  Bessemer— Conversion   of  fluid  crude  iron 
into  fluid  homogeneous  malleable  iron,  &c. 

1434  H.Bessemer — Treatment  of  crude  or   pig  iron, 
&c. 

1435  H.  Bessemer— Construction  aud  working  blast 
furnaces,  &c. 

Dated  May  11th,  18E9. 

1436  J.  Hall— Firearms 

1437  E.  Brennan— Polishing  threads,  8te. 

1438  C.  Cross,  A.  Hey  wood,  G.  D.  Wilson,  and  T. 
I  |B.  Wilson— Velocipedes 

H39  T.  Dunn— Velocipedes 

1440  W.  R.  Lake— Detergent  compound 

1441  C.  D.  Abel— Galvanic  Batteries 

1442  B.  Latham— Ventilators  for  sewers 

1443  B.  J.  B.  Mills— Casting  metals 

i444  J,  A.  Marden— Invention  having   reference  to 
steam,  &c.  ....      . 

1445  J.B.  Payne— Fittings  for  roller  blinds,  etc. 

1446  L.  Wi  ay— Crushing  quartz,  &c.  _   . 

1447  A.   Vickers— Connecting    and  sustaining  toe 
rails  of  railways 

1448  A.  Heury-Firearms 


Dated  May  12th,  1869.  ;| 
1449  C.  H.  Merritt— Basting 
14  0  J.  Robey— Sugar  refiuiug 

1451  E.  T.  Hughes-Tea  urns 

1452  P.  W.  Flower  and  W.  Flo wer—  Impressions 
upon  tin  plates,  &c. 

1453  H.  Ing— Fastenings  for  albums 

1454  J.  B.  Haodvside— Wheels 

1455  T.  Bu'.livant—  Window  sashes 

ii56  H.    RubioBon — Ki.ns  for    burning  'limestone    ■ 
chalk.  &c 

1457  J.  L.  Gr*atorex— Urintils 

1458  P-  W.  Flower,  H.  Nash,  and  R.  Htathfield— 
Coating  sheets  ot  metal 

1459  J.  H.  Johnson— Saw  teeth,  &c. 
14h0  G.  R.  A.  Glover— Anchors 

1461  A.  V.  Newton— Expressing  juices  from  orgauic 
matters 

1462  W.  F.  De  la  Rue— Obtaining  a  water  mark  on 
paper 

Dated  May  13th,  1869. 

1463  V.  De  Stains— Wheels,  &c. 

1464  E.  V.  Newton  and  P.  M.Crane— Coating  ships, 
boatB,  &c. 

1465  J.  Timminsnnd  J.  Gayton— Lever  fastening   $ 

1466  H.  Luke — Window  sashes 

1467  W.  A.  Lvttle— Electro  telegraphic  apparatus 

1468  T.  G.  F.  Dolby— Valve  for  the  admission  of  air 
to  feeding  bodies 

1469  J.Townsend  and  P.  ForbeB— Refining  oilsland 
fats  *         ' 

1470  I.  Battinson,  G  .  Battinson,  and  T.  Whitehead 
— Combing  wool 

1471  J.  Fawcett—  Measuring  oil 

1472  C.  Ferguson-  Washing  bottles,  &c.        ; 

1473  J.  Bownes—  Steaming  tobacco 

1474  A.  Fried  man  n-  Ornament 

1475  W.  Cadogan — Couplings  for  connfctiug[toge- 
ther  the  ends  of  driving  straps 

1476  VV.  Sleph«nson —  Consumption  of  smoke 'in 
furnaces 

Dated  May  14th,  1869. 

1477  I.  Storey,  J.  H.  Storey,  H.  Lea,  and  T.  Lane- 
Controlling  .the  discharge  of  uater  from  stand 
pipes 

1478  J.  and  J.  Kippnx — Weaving  counterpanes 

1479  C.  W.  Lancaster— Concentrating  shot 

1480  J.  T.  Griffin— Knives,  &c. 

1481  W.  Fiuley — Breaks  of  railway  carriages 

1482  H.  B.  Barlow— Cases  f»-r  bottles  * 

1483  G.  F  Henry,  I.  A.  F.  Bang,  F.  R.  C.  Mooes- 
tier,  and  J.  P.  A.  Figuier— Lubrication  of  sheepa 
wool,  &c. 

1484  M.  Wolfsky— Fastening  for  purses 
14S5  F.  Hedley— Horse  shoes 

1486  J.  H.Johnson — Treatment  of  beetroot 

1487  C.  E.Spooner  and  G.  A.  Huddart—  Construc- 
tion af  railways 

1488  G.  T.  Bousfield-Lifting  blocks  of  stone 

1489  C.  H.  Gardner  aud  J.  Bickertun— Lithographic 
printing  machines 

Dated  May  15th,  1869. 

1490  I.  M.  Wil bank— Firearms 

1491  V.  R.  Batchflor — Giving  motion  to  wheels 

1492  S.  Corbett— Velocipedes 

1493  L  A.  V.  Dubourg— Gas 

1494  F.  E.  Saxby  and  I.  M.  McGeorge- Conveying 
persons  upon  the  c  mmon  roan,  Ike. 

1495  W.  Wilkinson  and  M.  Boss— Embossing  glass 
metal,  etc. 

1496  S.  S.  Jarvis— Collar  and  tie 

1497  T.  Berney — Mounting  armour 

Dated  May  17th.  1869- 

1498  F.  Kobe — Extracting  juice  from  sugar  cane 

1499  R.  Bodmer,  J.J.  Bodmer,  and  L.  R.  Bodmer  — 
Fire  grates 

1500  R.  Wilson— Spinning  cotton 

1501  H.  De  Gans— Chaudeliers 

1502  H.  G.  Whitehead— Cutlery 

1503  R.  Harlow— Hot  water  boilers 

1504  D.  Hitchen — Looms  forweaviag 

1505  A.  Duen  and  A.  Liddell— Metal  cans 

1506  C.  E.  Brooman— Applying  breaks 

1507  T.Wright  and  I.  Fox— Manufacture  of  lace 

1508  S.  W.  Clark  and  W.  R.  Sykes— Railway  lamps 

1509  W.  E.  Newton— Sliver  cans 

1510  W.  R.  Lake— Firearms 
1611  W.  R.  Lake— Drying  sugar 

1512  W.  K.  Lake— Forming  the  threads  of  metal 
screws 

Dated  May  18th,  1859. 

1513  T.  N orris— Mowing  graes 

1514  A.  Tatham— Needles 

1515  T.  Fagg  and  J.  ft gg— Waterproof  garments 

1516  C.  Muselej— Felt  hats 

1517  J.  Norton— Ball  cocks 

1518  J.  Water  worth— Fire  grates 

1519  A.  M.  Clark— Locomotive  engines 

1520  G.  Allan— Securing  sheet  metal  employed  for 
roofing: 

1521  F.  Malton— Coal  vases 

1622  J.  Woodward— Gas  and  water  meters 

1523  VV    Benson— Treating  ores 

1524  J  L.  Clark— Iron  and  steel  tubes  *""  

1525  A.  V.  Newton— Paper  hangii  ga  —T 

1526  E.  C.  Warburton— RegisteriuK  secret  votes 

1527  F.  Johnson  aud  W.  Hatcbman — Umbrellas 

1528  W.  Green— Cleaning  flower  pots 

1529  W-  Navlor-Railway  breaks 
J5S0  J.  H   Johnson— Firearms 

1531  E.  Taylor—  Wasuing,  titc. 

1532  H.  Liveseu  and  T.  Collisou—  Velocipedes, 

1533  J.  Sawyer  anu  W.  Woodman— Propulsion  of 
velocipedes 

1534  R.  E.  Keen— Securing  panes  cf  glass 
2535  A.  Vau  Winkle— Securing  corks 
1*36  W.R.Lake— Capsults 

Dated  May  I9th   1869. 

1537  E.  H.  Soliy,A.  I.  Solly.  J.F.  Hall,  and  R. 
Bailey— Spinning  two  or  more  ends  of  yarns  iota 
one  thread 
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ENGINES  OF  THE  "KONIG  WILHELM." 

By  Messrs.  Matjdslay,  Sons,  and  Field. 

(Illustrated  ly  Plates  347  and  349). 

A  notice  of  the  launch  of  this  magnificent  iron-clad,  from  the  yard  of 
the  Thames  Ironworks  Company,  was  inserted  in  The  Aetizan  for  May, 
1868;  when  the  principal  dimensions  of  the  vessel  were  given.  We  now 
have  the  pleasure  of  giving  a  description,  together  with  a  plan  and 
elevation  of  the  engines  of  that  vessel,  which  were  designed  and  built 
by  Messrs.  Maudslay,  Sons,  and  Field.  It  will  be  remembered  that 
the  engines  were  calculated  to  work  up  to  six  times  their  nominal  power, 
and  that  a  speed  of  from  13  to  14  knots  per  hour  was  anticipated,  and 
from  the  account  of  her  trial  trip,  given  below,  it  will  be  seen  that  both 
these  calculations  were  not  only  verified,  but  considerably  exceeded.  On 
the  official  trial  trip,  which  took  place  on  the  15th  of  February  last,  the 
maximum  power  exerted  by  the  engines  was  8663'889  horse-power  being 
considerably  more  than  seven  and  a  half  times  their  nominal  power;  while 
the  speed  of  the  vessel  was  over  14-7  knots,  exceeding  the  calculated  speed 
in  about  the  same  ratio.  As  might  be  expected,  perhaps,  of  a  firm  so 
celebrated  as  Messrs.  Maudslay,  for  its  first-class  workmanship,  the  engines 
are  beautifully  got  up,  and  work  very  perfectly.  It  will  be  seen  from  the 
Plates  (347  and  349),  that  there  are  three  horizontal  cylinders,  and  that 
the  arrangement  is  similar  to  that  which  was  originated,  and  has  been 
adopted  to  successfully  by  this  firm  for  some  time  past.  The  substitution 
of  three  cylinders  instead  of  two  is  a  more  modern  improvement,  and  is 
for  the  purpose  of  obtaining  an  equability  of  speed,  while  carrying  a  con- 
siderably greater  amount  ot  expansion  than  was  the  custom  with  two 
cylinders;  the  aggregate  capacity  of  the  three  cylinders  being  increased 
in  proportion  to  t'.ie  increase  of  expansion.  By  the  use  of  three  cylinders, 
six  effort!",  instead  of  four,  are  given  in  each  revolution,  which  not  only 
gives  a  much  more  uniform  motion  to  the  screw  shaft,  but  almost  entirely 
obviates  that  unpleasant  motion  so  generally  felt  in  full-powered  screw 
vessels. 

The  general  design  of  these  engines  is  too  well  known  to  need  any 
detailed  explanation,  but  we  may  mention  that  the  cylinders  arc  jacketted 
all  round  and  at  both  ends,  and  in  order  still  further  to  prevent  any  mn- 
densation  in  the  cylinders,  the  casing  thus  formed  is  supplied  with  super- 
heated steam.  The  superheater  is  upon  Mr  Joshua  Field's  patent  principle ; 
the  tubes  being  flattened  throughout  the  greater  part  of  their  [engtb,  bat 
left  circular  at  the  ends  for  convenience  of  fitting.  The  advantages 
claimed  for  this  plan  are,  firstly,  that  the  draught  of  the  furnace  is  not  so 
much  injured,  as  the  spaces  between  the  flattened  tubes  are  greater  than  if 
they  were  left  circular;  and,  secondly,  that  a  thinner  current  of  steam  is 
presented  to  the  heated  products  of  combustion,  and  consequently  the 
action  of  such  heat  is  more  effectual. 

The  following  are  some  of  the  principal  dimensions  of  the  engine?,  fee.  :  — 

Description  of  engine,  horizontal  three-cylinder;  do.  of  boiler,  tabular; 
diam.  of  cylinders,  95in.  j  length  of  stroke,   Ift.  Gin.:  diam.  of  screw,  - 
pitch  of  do.,  varying  from  21  ft.  Gin.  to  26ft.  6ln.  ;  number  of  blades  of  do. 
4;  number   of  boilers,  8;  number   of  furnaces,  40;   breadth  of  do., 
length  of  fire-bar*,  7ft.  Bin.  j  number  of  tabes,  K400;  external  diam.  of  do., 

2iin.  ;  length  of  do.,  6ft.  Gin.  ;  heating  surface,  22,600  iq.  It.;  beating 
surface  of  superheater,  2,300  iq.  ft.;  number  of  tubes  in  condensers, 
0,272  ;  lengtb  of  do.,  8ft.  Gin.  ;  ilium,  of  do.  (inside),  (in. ;   OOOlIng  surface, 


17,250  sq.  ft. ;  diam.  of  chimneys  (2),  8ft.  ;  height  of  do.,  5M\. ;  are  of  im- 
mersed section  at  load  draught,  1,313  sq.  ft. ;  load  on  safety  valve,  301bs. 
per  sq.  in. ;  gross  indicated  horse-power,  8,663-889 ;  capacity  of  bunkers, 
900  tons;  weight  of  engines  and  boilers  with  water,  1,057  tons. 

The  following  are  the  particulars  of  the  official  trial  trip  which  took 
place  on  February  15th,  at  the  Maplin  Sands  : — 

Draught  forward,  24ft.  4£in. ;  do.  aft  26ft.  4Jin ;  load  on  safety  valve- 
301bs. ;  pressure  in  boiler,  30ilbs. ;  vacuum  in  condenser  (forward),  27.875 
do.  aft,  27'875 ;  number  of  revolutions,   maximum  65333  ;  do.,  mean,  64 
mean  pressure  in  cylinders,  22-483 ;  indicated  horse-power  (mean),  8,344-917 
speed  in  knots  per  hour  (mean),  14-71 ;  weather  barometer,  30'4 ;  direction 
of  wind,  W. ;  state  of  sea,  smooth  ;  masts,  yards,  &c,  complete ;  description 
of  propeller,  4-bladed;  diam.  of  do.,  23ft. ;  pitch  of  do.,  22ft.  Gin. 

The  greatest  power  developed  was  while   running  the  sixth  mile,  when 

performance  of  the  engine  was  as  follows :  — 

7,088-235  x  588  x  22-866       „       _  -„  OQO  . 

x  3  =  8,663-889  horse-power. 

33,000 

The  vessel  sailed,  shortly  after  the  trial  trip,  for  Prussia. 

[We  are  indebted  to  Messrs.  Maudslay,  Sous,  and  Field,  for  the  dimen- 
sions and  particulars,  and  to  Mr.  Bourne  for  the  use  of  the  drawings  and 
plates.] 

PRACTICAL  NOTBS  ON  ROADS  AND  CANALS. 
By  T.  Login,  Esq.,  C.E.,  Exec.  Engineer,  Seventh  Division,  Grand  Trunk 

Road.* 

In  selecting  a  now  lino  of  road,  the  following  suggestions  may  be  of 
servico  in  assisting  the  engineer  in  determining  what  lino  should  bo 
adoptod. 

Tho  avorage  section  of  our  Imperial  roads  in  Upper  India  may  be  taken 
at  as  follows  : — 

Breadth  of  top  of  embankmont,  40ft. 

Height  of  ombnukinont,  4ft. 

Slopos,  5  horizontal  to  1  porpondicular. 

Broadth  of  arches  of  bridgos,  80ft. 

Breadth  of  metal  10ft.  by  9in.  thick. 

Rato  of  earthwork,  Rs.  2-8  per  1,000  cubic  foot  =  5s.f 

Kato  of  consolidated  motal,por  inch  por  mile,  Hs.  750  =,  £7".. 

Cost  of  maintenance,  per  mile  yearly,  lis.  750      £75. 

Cost  of  draiu  bridgos,  per  running  Coot  "f  water-way,  6r<  11  Ki 

up  to  15ft.  span. 

Cost  of  largo  bridgos,  from  'A<">  to  100  Rs.  por  foot. 

Tho  rates  horo  given  will  be  found  a  close  approximation  to  tha  actual 
cost,  only  ■  earthwork  ia  rathor  over  than  ander  what  the  pi  be 

oxpendituro  may  be. 

data  we  sbtain  the  following  comparative  coel 

,  bridges,  and  metal. 

Cost  of  one  mile  ol   embankmont   (I  i         |  i.    1  low 

I     fj-60  or  i;  .  0  '■'  7  por  fool      BO  la,  L'Jd. 

.-.One  milec  i 

too 


Tho  cost  of  drain  bridgos  is 


. 


tvs  nndsrta  ml  this  tntersstlng 

outonalpapsi 
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Indian  Into    1  !  lln*  "n  "»"' 

750  lln. 
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Therefore  the  cost  of  one  mile  of  embankment  equals  only  36ft.  of  water- 
way for  drain  bridges,  while  only  ten  running  feet  of  water-way  of  such 
bridges  as  that  over  the  Markunda  equal  the  cost  of  one  mile  of  embank- 
ment. 

One  mile  of  metal  costs  750  x  9  =  Rs.  6,750,  or  more  than  double  the 
embankment ;  and  taking  the  maintenance  of  road  at  only  Rs.  700  a  year 
for  metal,  and  Rs.  50  for  earthwork,  at  twenty  years'  purchase,  we  have  for 
metal  700  x  20  =  Rs.  14,000  a  mile :  therefore  the  cost  of  metal  is 
Rs.  20,750  a  mile,  or  more  than  six  times  the  cost  of  the  embankment. 

From  the  above,  therefore,  it  is  evident — First,  that  all  cross  drainage 
should  be  avoided  where  practicable,  and  that  the  height  of  embankments 
should  not  be  so  much  taken  into  consideration  as  the  length  of  road,  so  as 
to  save  metal. 

Secondly,  as  the  cost  of  metal  is  such  an  important  item,  and  as  this  so 
much  depends  on  the  distance  from  the  quarries,  in  selecting  a  new  line, 
the  proximity  to  the  kunker  beds  should  form  a  very  great  reason  for 
adopting  one  line  in  preference  to  another. 

Supposing  the  wear  and  tear  of  metal  to  be  7,500  cubic  feet  a  year  per 
mile,  and  that  eight  annas  is  saved  for  each  mile  the  road  is  nearer  the 
quarries,  the  actual  saving  would  be  7,500,  @  Rs.  0-8  =  Rs.  37-8  a  mile, 
which  at  twenty  years  purchase  equals  Rs.  750.  Thus,  if  four  miles  could 
be  saved  in  carriage,  it  would  equal  the  first  cost  of  the  embankment 
nearly  ;  or  the  road  may  be  lengthened  one-sixth  between  two  points,  with- 
out adding  to  its  cost ;  that  is  16-66  per  cent,  longer,  which  would  admit  of 
a  diversion  of  about  one-third  of  the  total  distance  out  of  the  straight  line. 

Lastly,  where  nothing  is  to  be  gained  by  deviating  from  the  straight 
line,  either  in  avoiding  drainage  or  being  nearer  kunker  beds,  the  embank- 
ment may  be  raised  as  follows,  without  adding  to  the  cost  of  the  road,  with 
the  following  rates  for  earthwork  : — 

Height  of  embankment  up  to  5ft.,  Rs.  2-8  per  1,000. 

„  „  above  5  and  up  to  10,  Es.  3  per  1,000. 

„  „  10  and  up  to  15,  Rs.  3-8  per  1,000. 

Saving  in  distance  1  mile  in  2,  or  $,  embankment  may  be  raised  to  13'00ft. 

1  „  3,  ori,                       „                             10-00ft. 

1  „  4,  or&                       „  8-401't. 

1  „  5,  or  J,                       „  7'45ft. 

1  „  6,  or  a,                       „  5-O0ft. 

1  ,.  7,  or  i,                       „  6-64ft. 

1  -.,  8,  or  J,                       „  6-10ft. 

1  „  9,  or  a,                       „  5-80ft. 

1  „  10,  or  J;;,                     „  5-50ft. 

1  „  15,  or-jL                      ;)  5-33ft. 

That  is,  if  the  road  can  be  shortened  from  J5  to  -j^  of  its  length,  add 
one  foot  to  height  on  an  average  throughout  the  whole  length  of  embank- 
ment ;  from  iV  to  i  add  l|ft. ;  from  \  to  i  add  2ft. ;  for  \  and  ±,  add  3ft. ; 
if  \  is  gained,  add  4£ft.  ;  where  |,  add  6ft. ;  and  where  the  distance  is 
halved,  add  no  less  than  9ft.  to  the  height  of  embankment.  That  is,  sup. 
posing  a  valley  to  intervene,  which  is  one  mile  broad,  and  requires  an 
embankment  averaging  13ft.  high  to  cross  it,  by  going  a  circuitous  road 
which  would  avoid  this  bad  ground,  and  adding  one  mile  to  the  length  of 
the  road  (all  other  circumstances  remaining  the  same  along  the  line,  it  is  as 
cheap  to  make  the  13ft.  embankment  as  to  go  the  more  circuitous  route, 
while  travellers  are  saved  one  mile.  In  other  words,  it  is  very  seldom  a 
road  should  be  made  to  deviate  from  the  straight  lino  on  account  of  earth- 
work only,  except  in  a  hilly  country,  where  steep  gradients  would  interfere. 

Considerable  deviations  can  however  be  made  from  the  straight  line 
without  adding  much  to  the  actual  length  of  road,  as  will  be  seen  by  the 
following :— Let  A  and  B  (Fig.  1)  be  (say)  40  miles  apart,  and  half  way,  at 
the  point  O,  lay  off  the  perpendicular  line  CD,  Suppose  CD  is  one-tenth  of 
AB,  the  line  ADB  will  only  exceed  AB  2  per  cent.  The  engineer,  there- 
fore, at  half  the  distance  between  the  two  points  to  be  connected  has  a 
breadth  of  8  niilos  to  select  from,  without  adding  more  than  2  per  cent,  to 
the  whole  length  of  road.  If  i,  or  16-66  per  cent,  be  added  (the  limits 
where  the  cost  of  embankment  and  maintenance  of  metal  equal  each  other) 
the  divorgenco  may  be  upwards  of  13  miles  on  either  side.      Such  a  devia- 


tion from  the  straight  line  is  much  too  great ;  so,  in  practico,  if  cross 
drainage  can  be  saved  to  the  extent  of  saving  only  14  square  miles  in  a 
distance  of  40  miles,  it  comes  to  the  same  thing  as  to  cost,  as  adding  2  per 
cent,  to  the  length. 

Thus,   Rs.  3,168,  being  the  cost  of  one  mile  of  embankment,  we  have 
„lfio     0'8  (2  per  cent,  on  40  miles)  x  7  (cost  of  earthwork  and  metal)  _  ono.,- 

87"5  (cost  of  one  loot  of  water-way) 
and  by  page  135  of  Vol.  II.  of  Professional  Papers,  Colonel  Dickens  allows 
42ft.  of  water-way  for  3  square  miles  ;*  but  by  adding  2  per  cent,  to  the 

40  x  4 

length,  we  do  not  merely  gain   14f  square  miles,  but  — - —  =  80  square 

miles,  where  the  road  runs  at  right  angles  to  the  drainage.  Therefore, 
there  can  be  no  doubt  that  where  we  have  a  road  (say)  crossing  from  the 
Ganges  to  the  Jumne  (all  other  points  being  the  same),  that  instead  of  it 
being  a  direct  line  right  across,  it  should  curve  considerably  upward,  as 
shown  in  Fig.. 2. 

The  extent  of  deviation  in  a  distance  of  40  miles,   and  the  per  centage 
added  to  the  length  of  the  road  is  here  given : — 


Miles. 


10 


Per  centage. 

40 

= 

015 

40 

= 

050 

40 

= 

1-24 

40 

= 

2-00 

40 

= 

3-00 

40 

=■ 

4-27 

40 

= 

5-62 

40 

= 

711 

40 

= 

8*80 

■10 

= 

11-00 

Miles. 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


Per  centage. 
40  =  12-41 
40  =  14-28 
40  =  1618 
40  =  18-10 
40  =  20-00 
40  =  22-12 
40  =  24-18 
40  =  25-60 
40  =  2751 
40  =  29-33 


From  which  it  appears,  that  so  long  as  the  deviation  is  kept  within 
moderate  distances,  the  additional  length  is  little  :  for  even  up  to  one-fourth 
of  deviation  of  the  total  distance,  only  11  per  cent,  is  added  ;  but  where 
this  is  exceeded,  the  per  centage  increases  fast- 
Suppose  the  bearing  between  the  two  points  to  be  connected  is  90°,  or 
due  east  and  west,  so  long  as  the  bearing  of  no  part  of  the  lino  does  not 
exceed  100°  or  less  than  80°,  for  all  practical  purposes  the  road  will  be, 
nearly  as  short  as  the  direct  line,  while  it  gives  the  engineer  considerable 
scope  for  selecting  his  line ;  in  doing  which,  he  should  consider,  first,  the 
drainage  ;  secondly,  the  supply  of  metal ;  and  lastly,  the  earthwork,  which, 
though  at  first  sight  it  appears  the  greatest,  is  in  reality  insignificant  in 
comparison  to  the  other  two  items. 

A  straight  line  is  undoubtedly  the  shortest  distance  between  two  points, 
but  nothing  is  more  monotonous  than  to  have  to  march  along  a  straight 
road.  In  fact,  one  should  never  be  able  to  see  more  than  three  miles  along 
any  road  ;  and  this  can  be  easily  accomplished  by  passing  round  a  village 
or  a  clump  of  trees.  Curves,  however,  are  unsightly  in  an  open  plain, 
unless  there  be  some  natural  feature  in  the  country  necessitating  a  curve, 
such  as  to  cross  a  stream  at  right  angles,  or  to  avoid  low  marshy  ground, 
or  some  high  mound.  In  the  latter  case  the  mound  can  bo  taken  advantage 
of  in  hiding  the  road.  Where,  however,  all  is  one  extensive  plain,  as  one 
often  meets  with  in  India,  to  put  a  curve  in  a  road  and  not  to  hide  it, 
appears  as  if  a  mistake  had  been  made  in  lining  it  out,  which  is  worse  than 
a  continuous  long  line. 

Curves  may,  however,  be  given  at  every  three  miles,  so  that  no  portion 
of  the  road  can  be  seen  for  a  greater  distance,  and  the  road  greatly  im- 
proved, not  only  in  appearance,  but  also  in  comfort  to  travellers.  Suppose 
the  distance  between  the  two  points  it  is  necessary  to  connect  is  30  miles 
apart,  and  that  the  country  is  one  open  uniform  plain,  the  shortest  line 

*  Mr  Login  in  his  paper  read  in  August  last  before  the  British  Association,  shows  that 
Nature  knows  best  what  water-way  a  river  requires,  and  that  the  best  guide  is  to  study 
her 

t  ?<?2-7_>^3  _  14  square  miies# 
42 
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would  no  doubt  be  quite  straight,  but  it  would  be  too  tedious,  and  would 
involve  long  marches  of  15  miles  each,  with  nothing  to  break  the  monotony 
of  the  march.  By  introducing  "  Ogee  "  or  S  curves  at  every  three  miles, 
and  planting  too  clumps  of  trees  near  them  on  either  side  of  the  road, 
with  a  well  in  the  centre  of  one  of  them,  the  road  could  only  be  seen  along 
three  miles  of  its  length,  and  wearied  travellers  would  have  comfortable 
shade  with  water  to  drink.  A  police  Chowkie  could  be  placed  in  the  other 
clump,  so  as  to  afford  protection  to  property. 


by  cutting  on  the  ground  at  a  little  distance  from  the  line  the  number  of 
each  fifth  station  in  large  figures. 

The  barrow  pits  or  tanks  from  which  the  earth  for  the  embankment  is 
obtained  should  also  be  uniform  in  size,  say  150ft.  long,  with  a  space  of 
50ft.  intervening.  This  enables  the  engineer  to  check  the  measurements 
at  any  time,  and  prevents  a  flow  of  water  parallel  to  the  road,  while  it 
stores  up  water  in  the  rains  that  can  be  used  for  consolidating  the  em- 
bankments— a  matter  of  great  importance  in  the  future  maintenance  of 


<. 3 *----3 > 


E£-1£:t-%:tb!bfc;i.-E  l«e 


o-m- 

POLICE  CHOWKIE 

lflU.tt.lt. 


Supposing  DE  (Fig.  3)  to  be  equal  to  1,000ft,  and  CD  equal  50ft.  then 
-/  1,000*  +  502  =  l,001'24ft. ;  or  nine  of  these  curves  may  be  introduced, 
and  only  add  to  the  length  of  the  road  in  a  distance  of  30  miles,  some  four 
yards.  In  practice,  therefore,  the  distances  become  one  and  the  same,  and 
as  to  lining  out,  the  engineer  need  only  mark  out  the  straight  dotted  line 
and  level  along  it,  leaving  the  classies*  to  mark  out  the  offsets  and  lay  out 
the  "  Ogee  "  curves  with  a  square  and  graduated  set  square,  which  any 
intelligent  man  could  be  taught  how  to  do  in  a  few  hours.  This  is  done  by 
setting  off  at,  say  100ft.,  at  right  angles,  any  distance  the  engineer  con- 
siders necessary,  and  then  placing  banderoles  on  the  two  last  pegs,  when 
100ft.  more  is  measured  in  the  line  of  the  banderoles  and  another  offset 
fixed,  and  so  on.  This  plan  is  to  be  found  described  in  most  engineering 
works  on  lajing  out  roads,  railways,  &c.,  and  calculations  are  given  to 
find  the  radius  of  the  circle  described  with  given  offsets,  &c,  &c. ;  but  it 
is  not  the  intention  of  this  paper  to  give  mathematical  details,  but  simply 
practical  suggestions. 

In  practice,  therefore,  it  will  he  found  most  convenient  to  lay  off  the 
curves,  not  in  circles,  but  by  polygons;  that  is,  supposing  the  first  offset 
be  liin.,  the  second  would  be  3in.,  the  third  6in.,  next  9in.,  then  1ft.,  15in., 
and  so  on.  When  the  centre  of  the  desired  curve  is  reached,  the  offsets  to 
decrease  in  a  similar  manner.  By  introducing  one  length  of  chain  in  a 
straight  line  after  the  last  offset  of  the  curve,  the  second  portion  of  the 
'  Ogee  "  can  be  marked  off  in  a  similar  manner ;  thus  a  set  of  curves  can  be 
laid  down  on  the  ground  by  an  intelligent  "  classie  "  in  less  time  than  it 
would  take  to  survey  and  calculate  out  the  proper  offsets. 

The  curves,  also,  having  more  the  character  of  parabolas,  that  is,  com- 
mencing flat  and  ending  in  the  same  manner,  while  the  centre  is  sharp, 
look  well  on  a  rood,  and  by  many  have  been  considered  better  for  railways 
and  cunuls.  With  the  railway  there  is  no  quick  change  of  the  course, 
which  sometimes  causes  the  engine  to  run  off  the  line.  With  canals  such 
n  curve  in  better  than  an  arc  of  a  circle,  as  it  causes  less  sudden  derange- 
ment of  the  flow  of  the  water ;  for  it  is  evident  that  the  tendency  of  water 
is  to  deepen  the  bid  where  the  velocity  is  greatest ;  that  is  along  the 
extrados;  thus  there  will  he  a  much  greater  body  of  water  passing  down 
on  the  one  side  than  the  other.  Consequently,  the  water  will  natutally 
take  to  the  line  of  least  resistance  on  leaving  the  curve,  and  instead 
of  flowing  down  in  the  direct  line  of  a  canal,  will  attack  the  opposite 
bank. 

In  marking  out  roads  through  the  plains'of  India,  for  all  practical  pur- 
poses, if  the  levels  aie  kuown  at  every  400ft.,  a  sufficiently  close  appooxi- 
mation  to  accuracy  will  be  arrived  at  to  calculate  and  estimate  the  earth- 
work. At  each  of  these  pegs,  'M)0ft.  apart,  a  bamboo  should  be  driven  to 
the  required  height,  and  en  this  bamboo  should  he  marked  the  height  t 
and  number  of  the  peg  according  to  the  section.     Also  much  time  is  saved 


the  road.  These  tanks  should  not  only  he  uniform  in  length,  but  also  of 
given  breadths — advancing  by  5ft.  at  a  time — such  as  20,  25,  30,  35,  and 
40ft.  broad,  according  to  the  quantity  of  earth  required.  By  this 
means  there  is  no  necessity  for  measuring  the  length  or  breadth,  for 
the  eye  can  at  once  detect  any  error;  so  only  the  depths  are  required  to 
be  taken,  and  by  having  the  contents  previously  calculated  out  in  a 
tabular  form  in  one's  note-book,  the  contents  and  cost  of  each  tank  is 
known  at  a  glance. 

In  practice,  after  the  height  of  embankments  is  fixed  at  every  100ft. 
along  the  centre  line,  an  intelligent  "  classie,"  with  a  good  eye  and  an  optical 
square,  can  mark  out  the  slopes  and  tanks,  and  the  whole  can  be  done 
for  less  than  10  rupees  a  mile,  so  that  the  engineer's  time  need  not  be 
taken  up  with  such  details  when  once  he  has  seen  the  work  properly 
started. 

By  this  arrangement  also  the  breadth  of  land  required  to  be  taken  up  is 
at  once  settled,  and  as  it  consists  of  long  parallel  strips,  all  disputes  about 
areas  and  boundaries  are  avoided,  while  the  work  of  the  Civil  Officers  is 
much  reduced.  Much  time  and  money  would  be  saved,  and  much  more 
satisfaction  would  be  given  to  the  zemindars,  if  the  executive  engineer 
was  permitted  to  walk  up  the  line  and  pay  the  villagers  on  the  spot  the 
compensation  for  whatever  trees,  crops,  &c,  there  may  be  on  the  line, 
taking  receipts  for  the  same.  He  should  always  give  Rs.  25  per  cent,  over 
the  market  value  of  what  is  destroyed.  If  the  loss  of  time  and  the  pay  of 
Civil  Officers'  Subordinates  be  taken  into  consideration,  the  cost  to  Govern- 
ment far  exceeds  Rs.  25  per  cent.,  while  the  villagers  are  better  satisfied 
by  getting  ready  money.  If  the  executive  engineer  cannot  be  entrusted 
with  paying  such  compensation,  neither  should  he  be  trusted  with  paying 
his  workmen. 


•  Native  chainmen. 


t  Allow  1ft.  for  sinking  in  every  "ft.  of  height. 


ROADS,  RAILWAYS,  AND  CANALS  IN  INDIA. 

{Continued from  page  123). 

A  navigable  canal  affords  the  cheapest  means  of  transporting  heavy  and 
bulky  goods  while  at  the  same  time  it  can  he  constructed  at  about  one- 
third  the  cost  of  doubling  and  maintaining  the  railway  line;  what  there- 
fore appears  to  the  writer  to  lie  the  host  mode  to  accomplish  this  is,  that 
the  proposed  navigable  canala  he  taken  np  by  the  railway  company,  and 

hill'   railway  ratal  charged   on   nil   goods    and     pasteoger    traffic,     Thu», 

Injurious apctition  would  be  avoided,  while  the  railway  company  would 

secure  for  itself  a  cheap  conveyance  for  iis  fuel  us  fiir  np  :is  Saliarunpore. 

This  would,  for  a  lime  at    Least,  avoid   Hi,,  heavy  outlay  required  for 

doubling  the  line,  while  Government  conld  give  security  to  the  imounl  thus 

saved,  in  affording  ■■<  guarantee  for  some  other  line,  thai  would  add  t<>  the 

ry  command  of  the  countrj  :  and  another  tract  of  land  would  haVe 

the  benefit  of  a  cheap  and  rapid  i 

Speaking  of  loads,  railway'-,    and  eannls,  Mr.  Login  lays  that  he  believes 


148 


THE  ARTIZAN. 


[Juiy  1,  18G9. 


that  were  this  carried  out,  the  export  of  cotton  from  the  north-western 
provinces  wonld  increase  more  than  tenfold;  for  as  the  navigable  canals 
would  pass  through  the  highly  irrigated  portions  of  the  Doab,  it  may  be 
said  that  the  canal  boats  can  be  loaded  from  the  very  fields  and  conveyed 
to  Allahabad.  At  Allahabad,  therefore,  this  cotton  would  be  cleaned  and 
pressed  ready  to  be  sent  by  rail,  to  be  at  once  shipped  off,  without  the 
necessity  of  its  being  placed  in  any  warehouse  in  Calcutta  or  Bombay ; 
thereby  much  reducing  the  cost,  and  thus  enable  the  Indian  cultivator  to 
compete  with  all  the  world  in  the  production  of  cotton.  In  conclusion— 
By  such  a  system  as  is  herein  sketched  out,  the  Imperial  Government 
wonld  be  almost  completely  relieved  of  the  necessity  of  either  supplying 
funds  or  supervision  for  the  construction  or  maintenance  of  roads,  while  a 
desirable  emulation  would  arise  among  all  the  district  officers  of  India,  as 
to  who  could  first  properly  open  out  their  district,  which  they  would  be  all 
the  more  ready  to  do  when  they  knew  that  the  funds  they  raised  were  all 
to  be  applied  in  the  improvement  of  their  localities,  and  not  to  be  spent 
on  works  that  those  who  paid  the  money  never  heard  of,  nor  the  district 
officers  cared  for. 

Therefore  funds  could  be  raised  to  make  roads,  which  would  be  all  the 
more  readily  provided  when  the  zemindars  knew  it  was  for  their  own 
personal  benefit.  The  local  committee  should  be  allowed  to  make  roads, 
so  long  as  they  adhered  to  some  general  system,  and  had  the  approval  of 
the  commissioner;  only  when  this  was  withheld,  need  any  reference  be 
made  even  to  the  local  government. 

By  such  an  arrangement  as  this  there  would  be  a  great  saving  to  the 
State,  while  the  attention  of  the  Supreme  Government  would  be  confined 
to  guaranteed  lines  of  railwpy,  required  for  military  as  well  as  commercial 
purposes,  while  the  internal  development  of  India  would  be  expedited 
the  more  readily  by  being  entrusted  to  those  who  took  a  personal  interest 
in  the  improvement  of  their  own  neighbourhood. 

Thus  the  Government  and  the  governed,  England  and  India  would  be 
benefited  when  once  the  relative  merits  are  appreciated  of  roads,  railways, 
and  canals. 

As  to  the  mode  of  constructing  navigable  canals  there  is  great  diversity 
of  opinions. 

For  the  reader  to  judge  properly  why  this  difference  exists,  it  is  proper 
to  explain  that  it  is  now  understood  by  practical  men,  that  the  power 
required  to  force  a  vessel  through  water  increases  nearly  as  the  cube  of 
the  speed ;  that  is,  supposing  1,000  horse-power  is  required  to  propel  a 
steamer  10  miles  an  hour  through  the  water,  to  increase  the  speed  to  12£ 
miles  or  one-fourth  more,  double  the  power  is  required  ;*  nearly  thus — 

10  by  10  by  10  -=  1,000. 
and  12-5  by  12"5 by  125  =  1,953- 

This  at  once  explains  why  the  P.  &  0.  Company  do  not  like  to  exceed 
contract  rates  of  speed  for  conveying  the  mails,  as  the  consumption  of 
coals  increases  so  enormously. 

If  we  apply  the  same  rule  to  propelling  a  boat  against  a  stream  of  %\ 
miles  an  hour,  which  is  necessary  on  the  Ganges  Canal,  to  give  the  current 
sufficient  power  to  transport  the  silt  which  is  admitted  into  the  canal,  we 
can  at  once  imagine  what  an  enormously  greater  amount  of  force  must  be 
required  than  where  the  rate  of  the  stream  is  less  than  one  mile.  Also  that 
any  attempt  at  great  velocities  can  only  be  attained  at  an  enormous  expen- 
diture of  power. 

The  rate  of  speed  for  tracking,  which  the  writer  considers  about  the 
most  economical,  will  be  very  near  three  miles  an  hour,  or  rather  less,  or 
that  speed  at  which  man,  horse,  or  bullock  can  best  exert  his  power  of 
traction.  Any  increase  on  that  requires  much  greater  exertion,  any  less 
a  waste  of  time.  With  relays  along  the  canal,  a  boat  can  be  tracked 
up  stream  some  25  miles  daily,  allowing  ample  time  for  cookino-,  &c.  Thus 
in  about  16  days  a  boat  could  be  brought  from  Allahabad  to  Delhi,  including 
stoppages. 


Now,  supposing  the  cargo  to  be  20  maunds  of  iron,  at  5  Rs.  a  maund, 

which  equals  100  rupees,  the  loss  of  interest  on  capital  would  be  only  16 

annas,  or  one  per  cent. ;   while    taking  the  distance   at  400  miles,   the 

difference  would  be — 

20 
Lowest  rate  by  railway,  ^  by  400  at  0-2-1  =  Rs.  10    6    8 


20 


While  by  the  canal,  ^Q  by  400  at  0-1-0 


5    0    0 


Difference  Bs.     5    6     8 
Deduct  for  loss  of  time  15  days 0  15    0 

Gain  by  canal Rs.    4    7    8 

or  there  would  be  a  saving  of  4J-  per  cent,  in  sending  up  iron  by  the  canal. 
To  attempt  to  double  the  velocity  on  the  canal,  even  if  the  water  was  still' 
the  increased  force  would  be  in  the  proportion  of  as  33  is  to  63  or  27  to 
216,  that  is,  eight  times  as  great,  which  would  be  still  further  enhanced  if 
the  boat  had  to  be  propelled  up  against  a  stream  of  2i  miles  instead  of  at 
less  than  one  mile  an  hour. 

The  rational  conclusion,  therefore,  is,  that  to  attempt  to  have  quick 
traffic  on  a  canal,  except  under  peculiar  circumstances,  will  not  pay.  And 
what  are  the  peculiar  circumstances  ?  A  high  rate  of  labour  and  a  plenti- 
ful supply  of  fuel,  as  is  the  case  in  America.  The  very  reverse  of  the 
state  of  things  we  find  in  India ;  for  this  reason  alone  the  speed  should  be 
low.  There  is,  however,  a  still  greater  reason  why  steamers  with  high  speed 
should  not  be  used  on  the  canals  in  the  Doab. 

Enough  has  been  said  about  the  light  soils  of  the  Doab,  and  it  would  not 
require  a  long  argument  to  show  how  unfitted  such  a  soil  is  to  withstand 
the  effects  of  a  wave  of  translation  caused  by  a  steamer  passing  at  great 
speed  up  or  down  the  canal.  In  Canada  the  canal  banks  are  protected  by 
piles,  but  in  a  climate  like  India,  how  long  would  piles,  exposed  to  wet  and 
dry,  last  ?  It  is  the  writer's  opinion,  that  if  steamers  be  employed  to 
navigate  canals  in  India  the  cost  of  maintenance  would  be  increased  ten- 
fold ;  and  all  for  what  purpose  ?  To  run  in  opposition  to  the  railway,  against 
which  no  canal  can  compete  where  time  is  a  matter  of  primary  importance. 
We  may  therefore,  at  least  at  present,  dismiss  from  our  minds  all  thoughts  of 
steamers  rushing  up  and  down  the  Indian  canals,  as  on  the  Thames  or  the 
Clyde,  and  content  ourselves  with  coolies  and  bullocks. 

It  should,  however,  be  stated,  that  when  boats  are  passing  down  country, 
advantage  can  be  taken  of  the  stream  in  the  main  canal  for  dropping  down ; 
so  tracking  will  be  required  only  in  one  direction,  and  that  against  an 
insignificant  stream,  just  sufficient  to  prevent  rank  vegetation  and  no  more. 
It  was  for  this  reason  that  Mr.  Login  eight  years  ago,  suggested  navigable 
canals  of  slow  velocities  to  be  fed  by  comparatively  pure  water,  that  can  be 
obtained  from  distribution  channels,  that  of  the  main  canal  being  too 
silt  bearing;  and,  considering  the  vast  advantage  likely  to  accrue  from 
them  to  the  country,  it  is  desirable  that  they  may  set  about  without  delay, 
when  it  is  to  be  hoped  Sir  Arthur  Cotton  will  feel  contented  that  he  has 
been  the  chief,  if  not  the  sole,  cause  in  conferring  a  great  benefit  upon 
Northern  India. 

In  Mr.  Login's  pamphlet  it  has  been  suggested  that  these  navigable 
canals,  as  well  as  railways,  should  be  constructed  and  worked  by  private 
enterprise,  and  it  has  also  been  stated  that  private  companies  do  not  like 
to  undertake  such  works  without  guarantees.  The  question  naturally 
arises —  Could  not  Government,  under  such  circumstances,  raise  the  money 
by  a  loan,  and  make  these  railways  and  navigable  canals  itself? 

However  advisable  it  may  be  to  adopt  such  a  system  with  irrigation 
canals,  the  same  arguments  do  not  hold  good  where  traffic  alone  has  to  be 
considered.  The  advantages  of  the  guarantee  system  are,  that  Government 
is  relieved  of  a  great  many  details  and  references,  while  the  state  still  holds 
a  sufficient  control  over  these  guaranteed  lines  to  serve  its  interests.* 
It  has,  however,  for  some  years  back,  appeared  to  the  writer  that  a  modi- 


*  Note.— Theoretically  the  power  required  is  as  the  square,  but  owing  to  what  is  called 
"  skin  friction"  and  other  causes,  practically  it  i~  ~ 


,  practically  it  is  nearly  as  the  cube. 


Where  a  line  of  rail  is  of  great  political  importance,  such  as  that  proposed  from 
Ignore  to  Peshawur,  but  where  it  is  not  likely  to  pay  in  a  commercial  point  of  view, 
possibly  this  line  might  with  advantage  be  constructed  and  worked  by  Government 
engineers.    This  has  since  been  adopted  and  is  being  tried. 
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fixation  might  be  introduced  with  advantage  both  to  the  state  and  the 
shareholders.  Instead  of  a  guarantee  of  5  per  cent,  being  given  to  the 
shareholders  in  all  cises,  and  all  profits  above  this  bring  equally  divided 
between  the  company  and  the  Government,  probably  if  the  guarantee  whs 
reduced  to  4  per  cent,  and  all  the  profits  were  the  property  of  the  share- 
holders, till  they  exceeded  7  per  cent,  on  original  capital,  when  the  division 
would  commence  of  all  profits  in  excess  of  this,  a  great  saving  may  be 
effected. 

The  writer's  reasons  for  arriving  at  this  conclusion,  are : — First,  that  no 
company  is  likely  to  undertake  any  project  that  did  not  hold  out  prospects 
of  returning  more  than  4  or  even  5  per  cent.,  consequently  the  best  lines 
for  the  material  improvement  of  India  would  be  selected. 

Secondly. — That  the  prospect  of  larger  returns  would  naturally  make  it 
the  interest  of  the  shareholders  to  see  that  the  works  be  completed  with 
expedition,  and  at  no  extravagant  outlay  of  capital.  Thus  the  necessity  of 
such  strict  Government  control  and  supervision,  with  its  accompanying 
delays  and  expenses,  would  be  avoided. 

Thirdly. — That  the  guarantee  of  4  per  cent,  secures  the  shareholders 
against  complete  failure  and  ruin,  in  any  case;  while  the  interests  of  the 
public  can  be  protected  by  Government  having  the  power  of  control  and 
supervision,  though  it  may  not  be  necessary  to  put  it  so  often  in  practice,  as 
where  the  company  never  expect  the  profits  to  exceed  5  per  cent.,  and 
naturally  care  less  about  the  expenditure. 

Lastly. — By  the  introduction  of  such  a  system,  it  appears  that  while, 
on  the  one  hand,  it  protects  all  parties  against  projects  got  up  on  unsound 
basis,  it  at  the  same  time,  while  holding  out  an  inducement  to  economy> 
also  admits  of  a  wholesome  amount  of  speculation  to  give  the  shareholders 
an  interest  in  the  welfare  of  their  company,  which  is  highly  desirable. 

With  this  improvement,  the  writer  believes  that  now  that  we  are  every 
day  having  convincing  proofs  that  railways  will  pay  over  5  per  cent.,  it 
js  to  be  hoped  we  shall  ere  long  see  India  covered  with  a  net-work  of 
navigable  canals  and  railways. 

(To  he  continued). 


PATENT  LAW. 

The  Bovill  Litigatiox. 

(Continued  from  page  128.) 

I  have  next  to  consider  what  the  consequences  are  which  flow  from  this, 
both  as  regards  the  plaintiff  and  the  defendant.  The  consequences  as  re- 
garde  the  defendant  are  nothing  if  he  has  not  infringed  the  plaintiff's 
patent.  Therefore  the  next  thing  to  be  determined  is  whether  the  evidence 
before  me  is  sufficient  to  prove  that  the  defendant  has  infringed  the  plain- 
tiffs patent.  The  burthen  of  proving  this,  lies  on  the  plaintiff.  The 
evidence  is  to  this  effect,  that  the  defendant  ha*  employed  a  fan  placed  on 
the  spindle  of  the  mill-stones,  working  in  the  case  below  the  lower  mill- 
stone, and  extending  a  little  beyond  the  periphery  of  the  mill-stone.  This 
fan  is  driven  by  the  ordinary  power  of  the  mill.  The  effect  of  the  action  of 
this  fan  is,  that  the  dusty  air  of  the  plenum  is  driven  or  blown  out  into  an 
escape  pipe,  and  so  on  through  another  pipe  or  chamber  into  the  open  air. 
Some  blast,  is  produced  by  the  centrifugal  action  of  the  mill -stones,  but  the 
revolution  of  the  fan  increases  the  ordinary  centrifugal  blast  arising  from 
the  action  of  the  mill-stones  to  an  extent  sufficient  to  drive  the  dusty  air 
from  the  plenum  into  the  escape  pipe,  without  sending  out  tbe  meal,  which 

nils  in  tli,'  regular  manner  down  the  meal  spout.  I  attended  carefully 
to  the  evidence  given  on  this  subject  in  Court  in  conjunction  with  the 
models  then  produced,  imd  I  listened  attentively  to  the  arguments  of 
counsel  On  this  point,  and,  certainly,  no  case  I  have  ever  heard  "as  better 
argued.     I  have  Bince  read  over  again  tie-  evidence,  and  '1   the 

whole  matter,  aid  my  opin  cl  se  of  the  argument — since  fortified 

by  ray  examination  and  reconsideration  of  the  subject  is— thai  the  pr 
!!••■  I  by  th"  defendant,  which  i^  Blake  a  "I  Lee's  pat'  nt,  is  substantially — 
tlii'  is  in  essentia]  points — the  same  as  the  plaintiff's  put  i       only 

difference  appears  to  me  to  he,  thai   the  plaintiff  the  plenum,  or 

removes  the  not  dusty  air,  from  the  mill-stone  i 

is  applied  externally,  which  draw*  the  air  from  the  plenum  thr 
a  slutt  prepared  for  tbe  reception  of  it,  and  that  the  dorendanf 
his  plenum,  or  removes  tin  hoi  dusty  air  ft 

of  i  blowing  process,  which  drivis  tie:  air  from  the  plenum   Inl  i  ;i   sbsf 
I  for  tn  .1  do  n 


invention  in  1849,  any  process  had  been  discovered  by  which  the  hot  dusty 
air  could  be  exhausted  from  the  plenum,  carrying  with  it  the  stive  only, 
and  carrying  it,  not  into  the  body  of  the  mill,  but  into  a  separate  shatt, 
where  the  stive  could  be  collecteel  and  utilised.  This  is  done  both  in  the 
plaintiff's  process  and  in  that  used  by  the  defendants.  The  plaintiff  sucks 
the  air  out,  the  defendant  blows  it  out ;  in  both  instances  it  is  elone  by  a 
fan.  Iu  every  case  where  a  fan  is  driven,  it  rr.ust  suck  the  air  from  one 
place  and  blow  the  air  into  another  place.  In  the  plaintiff's  invention  the 
fan  is  placed  away  from  the  mill-stone  case  in  the  air  shaft,  and  it  draws 
the  hot  dusty  air  from  the  mill-stone  case  into  the  shaft.  In  the  elefen- 
dant's  invention  the  Ian  is  placed  within  the  mill-stone  case  itself,  and 
blows  the  hot  dusty  air  from  thence  into  the  air  shaft.  It  is  wholly  im- 
material, as  it  appears  to  me,  for  this  purpose,  whether  the  air  that  is 
expelleel  from  the  mill-stone  case  is  drawn  through  the  eye  of  the  mill-stone 
case,  or  whether  it  is  drawn  up  through  the  meal  spout,  or  whether  it  is 
introduced  through  pipes  constructed  speeial'y  for  the  purpose  of  admitting 
the  air.  The  invention  consists  in  producing  a  blast  of  sufficient  power, 
and  exactly  so  regulated,  as  to  exhaust  the  hot  dusty  air  from  the  mill- 
stone case,  and  drive  it,  with  the  stive  only,  into  a  shaft  where  it  may  be 
utilised,  and  prevented  fiora  injuriously  affecting  the  air  in  the  body  of 
the  mill.  This  appears  to  me  to  be  elone  in  both  cases  by  the  plaintiff  and 
by  the  defendant,  and  as  soon  as  the  Court  arrives  at  the  conclusion  that 
the  invention  of  the  plaintiff  is  not  confined  to  the  combination  of  the 
methods  described  in  his  specification,  but  that  it  extends  to  this  withdrawal, 
whether  by  expulsion  or  by  exhaustion  of  the  elusty  air  from  the  mill-stone 
case  for  the  purpose  of  utilising  the  stive  contained  in  it  as  a  separate  and 
distinct  invention,  then  it  seems  to  me  that  the  defendant  has  made  use  of 
the  invention  of  the  plaintiff,  and  that  he  has,  in  all  essential  particulars, 
adopted  the  same  process. 

With  respect  to  the  remaining  part  of  the  plaintiff's  invention,  the 
separation  of  the  stive  from  the  air  drawn  er  blown  into  the  shuft,  I  enter- 
tain no  doubt  that  the  defendant's  is,  essentially,  an  adaptation  of  the 
plaintiff's  process.  The  blast  Irom  the  fan  must  he  sufficiently  sttong  to 
blow  the  dusty  air  through  the  shaft,  and,  ultimately,  into  the  open  ail  ; 
but,  in  the  defenelant's  process  this  is  done  through  a  long  pipe  or  hori- 
zontal shafr,  at  the  bottom  of  which  is  placed  the  porous  fabric  which 
receives  the  stive  from  whence  it  is  removed  from  time  to  time.  I  am  con- 
vinced on  the  evidence  that  this,  although  as  I  believe  imperfectly,  performs 
the  same  function  as  the  plaintiff's  stive  chamber  performs,  that  it  is  in- 
tendeel  to  be,  and  that  it  is  an  imitation  of  the  plaintiff's  process ;  and 
that  along  the  whole  course  of  this  shaft,  air  escapes  through  the  porous 
fabric,  and  eleposits  the  stive  along  the  course  of  it,  which  is  removed  from 
time  to  time  by  the  defendant ;  and  that  without  the  use  of  this  porous 
fabric  the  stive  would  not  be  utilised. 

I  am  of  opinion,  therefore,  that  the  process  used  by  the  defendant  may 
be  correctly  thus  elescribed,  that  he  has  maele  an  arrangement  for  ventilat- 
ing the  grineling  surfaces  of  the  mill-stones  by  a  fan  which  is  attached  to 
the  lower  stone,  aud  that  by  means  of  this  fan  he  exhausts  the  air  from  the 
mill-stone  case  anel  removes  the  dusty  air  into  a  shaft,  where  the  air 
surcharged  with  stive  is  partially  strained  through  a  porous  fabric,  anel, 
in  doing  so,  deposits  the  stive  or  finer  particles  of  flour,  which  thereby  be- 
come useful,  insteatl  of  being  injurious.  I  am  of  opinion  that  the  whole  of 
this  is  an  infringement  of  the  plaintiff's  patent,  and  that  the  invention  and 
mode  of  doing  these  thing3  is  sufficiently  described  in  the  plaintiff's  speci- 
fication, anel  so  construeel  by  the  judges  of  the  Court  of  Queen's  Bench 
has  been  determined  to  be  valid,  iu  which  decision,  ns  far  as  I  am  able  to 
judge  from  the  evidence  before  me,  I  desire  deferentially  to  express  my 
concurrence.  It  certainly  had  not  been  my  intention  when  I  began  to  hear 
this  case,  to  go  into,  or  express  any  opinion  upon  the  validity  of  the  plain- 
tiff's patent,  but  the  course  which  the  case  lias  taken,  and  the  evidence  gone 
into,  has  compelled  ine  to  investigate  the  matter  to  the  extent  e>t  the 
materials  laid  before  me,  anel  I  have  thought  it  proper,  that  having  formed 
an  opinion,  I  should  express  it,  as  it  possibly  may  have  the  effect  of  pre- 
venting  further  litigation.  I  have,  therefore,  arrived  ftrsl  at  the  conclusion 
that  the  validity  of  the  plaintiff's  patent  as  now  claimed  by  him,  has  been 
established  at  law,  and  also  that  the  defendant  has  infringed  thai  patent. 

There  remains,  then,  further  to  be  ci  n*id(  red,  as  I  have  already  observed, 
what  arc  the  consequences  which  flow  fr  m  tins'  conclusions  as  regards 
ilaintiff, and  as  regards  the  defendant?  In  the  firs!  place,  ns  regards 
lintiff,  I  am  oi  opinion  that  he  is  entitlrd  to  a  decree  for  an  injunc- 
t  on  ;  hut,  on  the  other  hand,  as  regards  the  defendant,  t  am  of  opinion 
that  I  cannot  properly  ompcl  him  to  Bubmil  l  i  the  decision  of  tli.-  i 
of  Queen's  Bench,  or  to  acquiesce  in  anj  opinion  I  may  have  B  rmed.  He 
was  no  party  t  1 1  he  suit  of  Bovill  d  Km  wi  rth  ;  ho  is  n  it  b  mnd  bj  the  pro- 
c  edings  in  that  ease  :  and  many  cases  are  on  record  wherp,  Bfier  the  pi  iu- 
t:tl  ins  establisl  ilidity  of  his  patent  in   one  case,  it   his  L  en 

decided  to  be  invalid  in  a  second.     Numerous  cases  have  been  <■;■ 

ilcb   I   I.- 1  I  no-,  refer  t"     B  i  Is  n    .   Benecke,   Kill       riiompi  in, 

Crosskill  v.  Tuxford  —  which  establish  thai  the  defendant  is  not  til i- 

clnded  by  a  trial  at  law  to  which  he  is  no  pmty,  and  that  he  is  not  to  be 

'   tin!   validity    of  tli.' 
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that  the  case  of  Davenporb  v.  Goulburn  seems  to  point  the  other  way,  and 
it  is  also  to  be  borne  in  mind  that  the  law  was  established  on  this  point  at 
a  time  when  the  Act  of  Parliament  had  not  passed,  which  compelled  the 
Court  of  Equity  itself  to  decide  any  question  of  common  law  which  might 
come  before  it,  without  the  assistance  of  any  other  tribunal,  as  to  which, 
however,  it  is  proper  to  observe,  that  this  is  not  so  much  a  question  of  law 
as  it  is  a  question  of  fact.  I  cannot  also  but  remember,  that  although  I 
have  considered  the  validity  of  the  patent  of  the  plaintiff,  it  is  only  so  far 
as  regards  the  effect  of  the  decision  in  Bovill  v,  Keyworth,  and  the  suffi- 
ciency of  the  specification,  but  as  to  the  question  of  novelty,  I  have  done 
»o  solely  on  the  evidence  at  present  laid  before  me,  and  I  have  also  done 
so  reluctantly,  because  I  early  felt  the  difficulty  I  should  have,  in  going 
into  that  question,  and  I  checked  the  entering  into  it  as  much  as  I  could, 
consistently  with  allowing  the  defendant  to  bring  forward  his  case.  It  is 
also  a  matter  so  far  favourable  to  the  defendant  that  the  form  in  which 
this  case  comes  before  me  is  that  of  a  cause  in  which  neither  side  has  had 
an  opportunity  of  knowing  before  the  hearing  what  evidence  he  would 
have  to  meet,  which  circumstance  tends  strongly  to  prevent  the  bringing 
forward  of  evidence  which  might,  at  the  hearing,  be  material,  until  after 
the  opportunity  of  doing  so  is  lost.  It  is  after  considering  all  these  matters 
that  1  have  come  to  the  conclusion  that  the  results  I  have  arrived  at  ought 
not  to  prevent  the  defendant  from  having,  if  he  is  pleased  to  do  so,  a 
further  opportunity  of  trying  this  question  against  the  plaintiff.  I  regret 
it  much,  because  of  the  great  expense  which  it  will  necessarily  entail  on 
both  parties,  but  I  think  myself  bound  by  the  authorities  to  direct  an  issue 
to  try  whether  the  plaintiff  is  the  first  and  true  inventor  of  the  processes 
described  in  his  specification,  or  of  either  and  which  of  them.  This  issue 
I  will  direct  if  the  defendant  requires  it.  I  direct  no  issue  as  to  the  utility 
of  the  invention,  or  as  to  sufficiency  of  the  specification.  I  consider  the 
former  of  those  matters  to  be  not  contested  or  to  be  established  by  the 
evidence,  and  as  to  the  second,  I  consider  it  to  be  decided  definitively  in 
favour  of  the  plaintiff  by  the  decision  in  Bovill  v.  Keyworth,  which  I  have 
minutely  examined,  and  in  which  I  have,  after  consideration,  for  the 
reasons  I  have  stated,  expressed  my  concurrence,  so  far  as  it  as  matter  of 
law,  not  depending  on  the  novelty  of  the  invention.  The  novelty  of  the 
invention  is  a  question  which,  in  my  opinion,  I  ought  to  allow  the  defen- 
dant to  try  again,  if  he  chooses  to  do  so,  but,  in  the  meantime,  I  must 
restrain  him  from  carrying  on  his  present  processes  which,  in  my  opinion, 
infringe  the  plaintiff's  invention.  I  will  reserve  the  costs  of  the  cause  until 
after  the  trial  of  the  issue,  and  give  either  party  liberty  to  apply. 

Mr.  Baggallay :  As  far  as  regards  the  form  of  the  injunction,  I  appre- 
hend we  shall  take  it  in  the  ternis  of  the  first  paragraph  of  the  prayer, 
which,  I  think,  is  the  form  in  which  it  has  been  granted  on  former  occa- 
sions.— "To  restrain  the  defendant,  his  servants,  agents,  and  workmen,  for 
the  residue  of  the  term  named  in  the  said  Letters  Patent  of  the  6th  of 
June,  1863,  from  in  any  manner  using,  exercising,  or  putting  in  practice, 
or  continuing  to  use,  exercise,  or  put  in  practice  at  the  said  Dee  Mills  at 
Chester,  or  elsewhere,  the  said  invention  and  improvements  for  which  the 
said  Letters  Patent  of  1849  and  1863  were  granted,  or  any  means, 
apparatus,  or  arrangement,  merely  colourably  differing  therefrom."  I 
desire  to  have  the  precise  words  in  order  that  we  may  have  no  discussion 
afterwards  on  minutes. 

The  Attorney -General:  With  regard  to  what  youi  lordship  has  been  so 
good  as  to  say  of  the  defendants,  perhaps  your  lordship  would  allow  us  a 
little  time  for  consideration. — The  Master  of  the  Rolls  :  Certainly. 

The  Attorney-General :  I  presume  if  your  lordship  directs  the  issue  on 
the  subject  of  the  novelty,  there  will  also  be  one  upon  the  subject  of  infringe- 
ment.—The  Master  of  the  Rolls :  No,  I  think  I  have  determined  the 
question  of  infringement.     I  am  of  opinion  that  it  is  infringed. 

The  Attorney-General :  Far  be  it  from  me  to  say  one  single  syallable  as 
against  anything  which  your  lordship  has  determined.  What  was  occurr- 
to  my  mind  was  this  : — That  if  an  issue  were  directed  on  the  question  of 
novelty,  it  might  appear  upon  the  trial  of  the  issue  that  there  was  no  in- 
fringement of  that  which  was  new,  supposing  there  to  be  something  new, 
and  something  not  new.— The  Master  of  the  Rolls  :  It  is  possible  that  that 
may  be  so,  Mr.  Attorney-General. 

The  Attorney-General:  Your  lordship  will  permit  me  to  put  you  in 
possession  of  the  way  in  which  it  strikes  my  mind.  Your  lordship  sees 
there  is  a  question  of  combination,  and  a  question  of  several  parts.  Your 
lordship's  opinion  of  what  was  determined  in  the  Court  of  Queen's  Bench, 
and  for  the  present,  I  assume  your  lordship's  own  is,  that  for  the  present 
there  is  a  good  patent  as  to  the  whole,  and  as  to  each  part. — The  Master 
of  the  Rolls :  Yes,  as  to  number  two  and  the  stive  chamber.  The  first  is 
not  in  question. 

The  Attorney  General :  That  is  all  I  referred  to.  That  being  so,  if  the 
question  of  novelty  went  to  trial,  it  would  be  on  three  points ;  combination, 
part  two,  and  part  three.  Then,  of  course,  it  might  possibly  happen  that 
it  might  be  found  that  there  was  novelty  in  the  ontire  combination,  and 
novelty  in  part  two,  but  not  in  part  three,  and  it  might  be  that  the  infringe- 
ment fell  on  that  part  as  to  which  there  was  no  novelty.     I  only  wish  to 


put  your  lordship  in  possession  of  what  strikes  my  mind.. — The  Master  of 
the  Rolls  :  I  will  give  you  abundant  time  to  consider  whether  you  will 
take  it,  and  you  may  also  like  to  take  the  opinion  of  another  tribunal  on 
the  subject.  I  do  not  mean  that  you  should  determine  to  take  it  before 
you  have  done  that.  Of  course  I  will  allow  the  jury  to  find  anything 
special,  as  used  to  be  done  formerly  when  we  gave  liberty  to  the  judge  to 
endorse  anything  special  on  the  postea — that  used  to  be  the  old  fashion  in 
Chancery. 

Mr.  Hindmarch :  In  Kay  v.  Marshall  that  was  done. 

The  Master  of  the  Rolls  : — I  will  allow  you  to  do  that;  but  all  the 
issues  I  mean  to  direct  are  the  issues  of  the  novelty  of  the  whole  and  each 
part,  and  reserving  to  myself  the  question  whether  it  has  been  infringed. 

The  Attorney  General :  We  wish  to  understand  what  your  lordship's 
is,  and,  having  done  that,  we  have  not  p.  word  more  to  say  about  it.  Your 
lordship  sees  the  jury  would  not  have  before  them  the  question  of  infringe- 
ment, but  your  lordship  would ;  and  if  the  verdict  of  the  jury  came  back 
against  the  novelty  on  some  point. — The  Master  of  the  Rolls  :  The  jury 
would  have  it  before  them  in  this  way,  because  you  would  be  at  liberty  to 
do  this: — If  you  can  show  that  any  person  before  Blake  and  Lee's  patent 
adopted  the  same  process  before  Mr.  Bovill  introduced  his,  that  they  bad  a 
fan  by  which  they  expelled  the  hot  dusty  air  from  the  mill-stone  cases, 
then  it  follows  from  my  decision  that  Mr.  Bovill's  invention  is  not  new. 

The  Attorney-General :  Yes,  it  does. — The  Master  of  the  Rolls  :  Accord- 
ing to  my  decision. 

The  Attorney -General :  I  do  not  all  wish  to  offer  my  objection  about 
that,  because  after  all  it  will  come  back  to  your  lordship  ;  and  if  your  lord- 
ship found  that  what  had  passed  at  the  trial  effected  your  judgment  on  the 
point  of  infringement,  we  cannot  doubt  that  every  attention  would  be  paid 
to  that  in  a  further  stage  of  the  cause. 

Mr.  Baggallay :  With  reference  to  what  has  fallen  from  my  learned 
friend,  the  Attorney-General,  I  think  I  understand  the  permission  or  rather 
the  option,  which  your  lordship  offers  to  the  Defendant  is  this — to  try  the 
question  of  novelty  by  an  issue,  and  that  question  will  involve  the  ques- 
tions of  the  novelty  of  parts  two  and  three,  and  of  the  combination,  but 
not  travelling  beyond  those. — The  Master  of  the  Rolls:   That  will  be  so. 

The  Attorney-General:  I  quite  understand  your  lordship. 

The  Master  of  the  Rolls  :  I  am  also  willing  that  this  should  be  under- 
stood :  I  am  of  opinion  that  this  is  an  infringement,  but  assuming  that  the 
jury  were  of  opinion  that  it  was  not  an  infringement,  and,  upon  that  as- 
sumption held  that  Mr.  Bovill's  process  was  a  new  one,  because  although  a 
process  exactly  the  same  as  that  which  the  Defendant  used  was  used  belore, 
in  their  opinion  they  were  distinct  and  different. — The  Attorney-General : 
Yes,  that  occurred  to  my  mind. 

The  Master  of  the  Rolls  :  That  I  allow  you  to  bring  expressly  before  the 
jury,  and  in  that  form  you  may  try  the  question  of  infringement,  but  in 
no  other.  I  am  not  bound,  of  course,  by  the  decision  of  the  jury,  although, 
of  course  the  decision  of  the  jury  would  have  great  weight  with  me. — The 
Attorney-General :  I  understand  you  to  permit  us  to  consider  not  only 
whether  we  will  try  the  simple  issues  upon  the  novelty  of  these  three 
claims  of  the  plaintiff,  but  if  we  are  able  to  suggest  anything  proper  to  be 
considered  by  your  lordship  we  should  be  at  liberty  to  suggest  and  addi- 
tional issue  upon  the  particular  process  which  we  are  using. 

The  Master  of  the  Rolls :  No,  I  do  not  think  that,  but  you  may  give 
evidence  to  show  that  the  particular  process  was  used. — The  Attorney- 
General  :  Just  so,  and  no  objection  will  be  taken  by  the  other  side  that 
that  was  not  the  issue. 

The  Master  of  the  Rolls  :  No,  you  may  say  that  is  so,  that  it  being  the 
opinion  of  the  Master  of  the  Rolls  the  processes  were  in  substance  the 
same. — The  Attorney-General:   I  quite  follow  your  lordship. 

Mr.  Baggallay :  Would  your  lordship  think  it  right  to  postpone  the  ac- 
counts as  to  the  extent  of  the  infringement  which  has  heretofore  taken 
place  ? 

The  Master  of  the  Rolls :  Yes ;  the  accounts,  generally  speaking,  are  not 
worth  much. 

Mr.  Hindmarch — Does  your  lordship  give  the  plaintiff  the  same  notices 
of  objections  as  in  the  case  before  a  jury  at  law  ? — The  Master  of  the  Bolls  : 
No  ;  I  only  send  and  an  issue.  If  you  try  the  validity  of  the  patent,  then 
they  will  give  all  the  notices  of  objections  in  the  usual  form. 

Mr.  Hindmarch  :  Pardon  me,  my  lord.  With  regard  to  want  of  novelty, 
the  defendant  always  gives  notices  of  objections,  that  is,  he  states  what 
cases  of  prior  user  and  publications  be  intends  to  rely  upon. — The 
Master  of  the  Rolls  :  In  that  case  you  will  follow  the  practice  at  Common 
Law. 

Mr.  Baggallay:  Will  your  lordship  direct  a  time  within  which  the  option 
should  be  exercised  ? — The  Attorney-General :  I  was  going  to  ask  his  lord- 
ship for  a  week. 

The  Master  of  the  Rolls :  That  is  a  very  short  time ;  I  will  give  you 
longer  if  you  wish  it. — Mr.  Selwyn  :  No,  we  wish  it  done  speedily;  we  do 
not  ask  for  further  time. 

The  Master  of  the  Rolls .  You  will  have  until  this  day  week. 


July  1,  1869.] 


THE  AETIZAN. 


151 


The  Attorney-General:  It  will  be  put  in  the  paper  to  be  spoken  to. — Tbe 
Master  of  the  Bolls  :  Yes. 

Mr.  Baggallay  :  I  apprehend  your  lordship  will  try  the  issue  yourself. 

The  Mister  of  the  Rolls  :  No,  I  do  not  think  I  should.  I  am  particularly 
desirous  not  to  try  the  issues,  because  I  think  I  have  a  bias  on  the  subject,  and 
I  wish  it  to  he  tried  by  a  perfectly  fresh  mind.  I  think  it  is  the  only  fair 
for  the  defendant.  It  is  impossible  to  hear  what  I  have  said  without  seeing 
that  my  bias  is  rather  against  the  defendant.  I  want  the  thing  to  be  per- 
fectly fairly  tried  by  another  judge  and  by  a  jury.  That  is  to  say,  my 
opinion  is  against  the  defendant,  supposing  he  has  no  fresh  evidence.  I  do 
not  suppose  it  would  affect  me  if  fresh  evidence  were  given. 

Mr.  Baggallay :  That  is  a  question  which  will  have  to  be  decided  when  it 
is  brought  before  your  lordship  again. — The  Master  of  the  Rolls:  Xo,  I 
should  wish  it  to  be  brought  in  one  of  the  courts  of  common  law. 

Mr.  Baggallay :  That  may  turn  on  the  question  of  the  terms  of  the 
Act  of  Pailiament. — The  Master  of  the  Rolls:  I  may  direct  an  issue. 

The  Attorney-General :  No  doubt  of  it. 

Mr.  Baggallay :  I  think  there  is  a  difference  between  an  interlocutory 
application  and  the  hearing  of  the  cause,  but  inasmuch  as  we  have  not  now 
that  question  before  us  perhaps  I  had  better  not  go  into  it. 

The  Master  of  the  Rolls  :  I  think  the  court  has  power  to  direct  an  issue 
at  all  times. 

The  Attorney-General :  I  believe  your  lordship  will  find  in  the  Act  that 
power,  but  I  am  quite  sure  if  your  lordship  does  not,  the  express  intention 
of  those  who  drew  the  Act  will  be  disappointed. 

The  Master  of  the  Rolls :  I  have  not  looked  at  the  Act  on  that 
point,  but  of  course  it  is  very  material,  because  if  that  were  so,  as  I  do 
not  intend  the  defendant  to  be  deprived  of  that  right,  I  should  put  it  in 
another  form. 

The  Attorney-General  :  Quite  so.  I  quite  follow  your  lordship,  and  I 
believe  if  your  lordship  looks  at  it,  it  will  turn  out  there  is  no  doubt,  what- 
ever, on  the  point. 

The  Master  of  the  Rolls :  If  I  have  no  power  to  direct  an  issue  in  that 
form,  I  will  alter  the  judgment  entirely,  and  put  it  in  a  form  in  which  the 
defendant  shall  try  it  effectually. 

The  Attorney-General :  If  your  lordship  pleases. 

We  have  seen  that  in  B  >vill  v.  Keyworth  the  Court  of  Queen's  Bench 
gave  judgment  for  Mr.  Bovill,  upon  the  notion  that  the  jury  had  found  the 
specification  to  be  sufficient,  and  upon  the  footing  (of  which  no  hint  was 
given  at  the  trial)  that  the  exhaust  was  to  be  regulated  or  proportioned  to 
take  away  the  plenum  caused  by  the  blast,  and  not  to  produce  an  incon- 
venient current.  The  judgment  of  Lord  Romilly  was  that  the  invention 
consisted  in  removing  the  dusty  air  from  plenum,  and  that  this  was  done 
by  Mr.  (j  odier,  who  did  not  use  any  exhaust  form  his  mill-stone  case,  but 
had  a  fan  in  the  bottom  of  the  mill-stone  case  which  blew  out  the  stive 
through  a  sort  of  a  chimney.  It  would  appear  that  Lord  Romilly  was 
of  opinion  that  the  ventilation  of  the  grinding  surfaces  of  the  inill-stoncs 
was  not  an  object  of  any  importance  in  Mr.  Bovill'a  specification,  and  that 
the  sole  improvement  lay  in  getting  the  stive  away  from  the  mill-stone 
cage.  It  is  useless  to  enlarge  upon  the  absence  of  thought,  and  consequent 
confusion  of  language,  which  pervade  this  judicial  exercitation.  The  reluc- 
tance exhibited  in  allowing  Mr.  Goodier  a  trial  by  jury  of  the  question  of 
novelty,  and  the  arbitrariness  of  confining  the  jury  trial  to  that  one  ques- 
tion seem  departures  from  the  general  course  of  holding  the  scales  evenly 
between  the  parties.  But  the  position  of  the  learned  judge  is  not  wholly 
unintelligible.  He  was  familiar  with  the  old  system  in  Chancery,  which 
was  that  that  court  should  not  itself  try  the  validity  of  a  patent,  but  confine 
itself  strictly  to  enforcing  by  injunction,  and  by  directing  accounts,  the 
legal  right  under  the  patent,  which  had  been  established  as  a  valid  against 
tbe  defendant  in  that  suit,  by  an  action  at  law  against  him.  The  injunc- 
tion was  sometimes  granted  by  the  court,  even  before  the  action  bad  been 
tried  against  ■  particular  infringer,  provided  the  validity  of  the  patent  bad 
been  v  maintained  against  other  infringers;  and  Lord  Romilly's 

enquiry  as  to  what  the  Coorl  of  Queen's  Bench  had  done  in  Bovill  v.  Key- 
worth  wa-  the  investigation  which  would  have  been  made  if  the 

Court  of  Ch  mcery  had  been  asked  to  issue  a  temporary  injunction  agaiasl  Mr. 
Goodier,  in  anticipation  of  Mr.  Bovill  eventually  succeeding  in  an  action 
upon  the  patent.  But  Una)  have  ch  inged,  and  even  the  Court  of  Chancery 
has  h  id  new  dot  I  up  m  it.  although  I-  >rd  Romilly  does  not  seem 

to  have  Imbibed  the  new  ideas.  Bis  ad  uiasion  that,  the  judgment  on 
Bovill  o.  Keyworth  would  not  be  conclusive  at  law  in  a  (resh  case,  is  an 
emphatic  condemnation  of  the  derisi  a  he  pronounced;  for  that  decision 
was  nothing  else  than  a  conclusion  of  Mr.  ''<  odier  bj  the  judgment  in 
B  II  r.  Keyworth.  The  danger  of  putting  new  wine  into  old  bottles  is 
shown  by  this  decision.  The  reforms  in  the  Court  of  Chancer;  ba  I  mads 
it  impossible  for  Lord  Romillv  to  act  upon  tbe  old  familiar  plan  of  sanding 
the  question  i  fthe  validity  and  Lufringemenl  of  the  patent  for  trial  in  an 
action    i  old  himself   trj  I  >ose  questions 

with  the  f  a  jury  if  ha  thought  fit  ta  tfter  the  inter- 

ruption  of  thecaie,  we  have  recorded,  it  can  hardly  be  considered  tint 


Lord  Romillv  had  any  fair  opportunity  of  himself  trying  these  qnestions, 
indeed,  he  said  he  would  not  try  them,  but  in  the  end  he  decided  that 
some  of  these  questions  had  been  decided  by  a  court  of  law  on  a  previous 
occasion  between  other  parties,  and  he  would  not  pormit  them  to  be  re- 
opened except  in  so  far  as  other  evidence  of  prior  use  of  the  invention 
might  be  procurable  by  Mr.  Goodier.  This  is  plainly  putting  a  limitation 
upon  a  defendants'  rights,  which  may  lead,  and  in  this  very  instance  led  to 
serious  consequences.  It  makes  the  reform  in  Chancery  capable  of  working 
out  this  result — that  whereas  fomerly  a  defennant  was  entitled  as  mattpr  of 
right  to  have  a  trial  by  jury  and  the  judgment  of  a  court  of  law,  as  to  the 
validity  of  the  patent ;  the  Court  of  Chancery  may  in  its  discretion  refuse 
to  let  him  contest  the  question,  because  another  person  had  previously 
done  so  unsuccessfully.  It  would  have  been  well  if  Parliament  in  its  desire 
to  relieve  parties  from  the  expense  of  trying  a  case  at  law  as  well  as  in 
Chancery,  had  been  more  careful  to  secure  that  the  case  should  be  tried  at 
all. 

The  question  of  novelty  of  Mr.  Bovill's  inventions  was  tried  in  December, 
1866,  before  Mr.  Justice  Willesand  a  special  jury  at  Westminster,  occupy- 
ing six  days. 

(To  be  continued?) 


THE  ABRADING  AND  TRANSPORTING  POWER  OF  WATER. 
{Continued  from  page   130), 

Although  this  subject  was  treated  upon  in  last  month's  Artizan,  we  feel 
sure  we  need  make  no  apology  to  our  readers  for  extending  the  remarks 
upon  such  an  important  question,  one  of  such  general  interest  to  the 
engineering  profession  at  large.  As  the  more  we  consider  the  questions 
which  are  opened  by  Mr.  Login  in  his  original  papers,  the  greater  the 
number  of  subjects  to  which  we  find  it  is  applicable,  and  upon  which  its 
influences  operate. 

Its  Influence  in  transporting  Sewage. 

The  transporting  power  of  water,  when  conveying  sewage,  is  becoming  a 
subject  of  very  great  importance,  as  both  the  fertility  of  the  soil  and 
sanitory  state  of  our  large  cities  are  affected  by  it.  It  is  now  pretty 
generally  admitted,  that  plants  can  best  absorb  nourishment  from  the  soil 
when  the  soil  receives  the  manure  in  a  liquid  form  ;  but  it  also  would 
appear  that  vegetables  do  not  thrive  so  well  when  the  water  is  very  highly 
loaded  with  sewage. 

There  would,  therefore,  seem  to  be  some  certain  proportion  of  water  and 
sewage  best  adapted  for  the  soil  to  absorb  and  again  to  give  it  off  to 
plants;  and  possibly  this  very  proportion  is  also  the  best  when  water  is  the 
medium  by  which  the  sewage  is  transported,  while  at  the  same  time  it  may 
he  found  that  a  city  requires  just  this  quantity  of  water  to  insure  proper 
sanitory  measures  being  carried  out. 

It  is  self-evident  that  the  refuse  of  our  cities  could  not  be  made  to  flow 
without  water — be  the  slope  or  the  head  of  pressure  ever  so  great;  and 
also  that  pure  water  will  flow  with  almost  an  imperceptible  slope,  but  under 
such  circumstances  this  pure  water  could  not  hold  in  suspension  any  foreign 
matter.  Again,  as  it  is  necessary  that  sewage  should  be  conveyed  under 
ground  for  sanitory  reasons,  and  that  to  utilise  this  sewage  for  irrigation  it 
will  require,  under  most  circumstances,  to  be  again  pumped  up,  the  question 
is,  what  is  tbe  velocity,  in  other  words,  the  Blopo  or  head  of  pressure 
that  should  be  given,  which  will  require  the  least  power  to  be  expended  in 
pumping  ':' 

If  too  little  water  be  used,  we  must  increase  the  fall,  while  too  much  of  it 
involves  needless  pumping.  It  is,  therefore,  quite  possible  that  it  may  be 
discovered  that  the  proper  liquidation  of  sewage,  so  as  to  have  the  least 
expenditure  in  pumping,  may  be  also  the  very  same  proportion  per  head 
required  by  our  cities  fir  sanitory  purposes,  as  well  as  the  very  best  pro- 
portion for  agriculture. 

The  question,  though  very  complicated,  is  one  of  great  interest;  and  its 
importance  is  becoming  more  and  more  evident.  That  the  soil  can,  when 
irrigated  by  sewage  water,  absorb  the  foreign  matter,  and  give  it  out  again 
in  the  best  possible  state  for  the  growth  of  plants,  is  admitted,  while  the 
Water  being  relieved  of  this  matter,  sinks  into  tbe  ground  below  in  almost 
a  pure  state;  so  this  Very  Water,  which  has  been  taken  from  a  river  high 
up  its  course,  can  be  made  to  supply  our  cities:  then  convey  away  the 
refuse,  distribute  it  over  the  fields,  adding  to  their  fertility,  and  again 
return  to  the  parent  Stream  through  the  under-ground  springs  in  a  state 
to  aid  rather  than  injure  navigation,  for  it  brings  no  foreign  matter  along 
with  it. 

Its  Influence  on  Sewage  under  Pressuki. 

According  to  Beardmore  a  bottom  velocity  of  Wft,  a  minute  will  swoop 
along  coarse  sand  and  linn,  line  gravel,  but  this  is  with  pure  water  not 
already  loaded  with  lol'uLmatter.  Wbatmaybetheneosssary  velocities  with 
various  loads  of  solid  matter  held  in  suspension,  are  questions  yel  to  be 
determined  by  experiment.     So  as  water  holding  SOWSgS  matter  in  I  B  |  en- 
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sion  must  be  affected  by  the  load  it  has  to  carry,  the  velocity  requisite  for 
sweeping  along  coarse  sand  under  such  circumstances,  must  be  much  greater 
than  if  only  pure  water  was  the  disturbing  medium. 

For  the  sake  of  argument,  suppose  that  a  mean  velocity  of  1ft.  a  second 
is  the  necessary  velocity  in  a  closed  pipe,  the  question  is,  what  is  the  size 
of  pipe  required  to  convey  away  the  sewage  of  a  given  number  of  inhabi- 
tants ? 

Let  this  number  be  100,  and  that  two  cubic  feet  of  water  (rather  over 
12  gallons)  is  the  water  supply  for  each  man,  woman,  and  child,  during  the 
■24  hours. 

Now,  as  eight  out  of  the  24  hours  is  required  for  sleep,  there  remains 
only  16  hours  of  the  day  that  the  greater  portion  of  the  sewage  is  sup- 
plied, and  during  certain  hours  of  the  day  there  must  be  a  greater  discharge 
than  at  others ;  allow  one-fourth  more  to  be  deducted  to  admit  of  the 
maximum  discharge,  or  in  all  only  12  hours. 

The  rate  of  discharge  per  second  would  therefore  be 

1910°  *  2    m  =  0.048  cubic  feet, 
12  x  60  x   60 

or  82.944  cubic  inches,  which  it  is  supposed  requires  a  mean  velocity  of  a 

foot  a  second,  that  is  12  inches  :  so  82.944       „  „„  ~  .     ,        .     , , 

— — —  =  6.912  sqr.  inches,  is  the  sec- 
12 
tional  area  required  for  a  pipe  to  discharge  the  sewage  for  100  inhabitants; 
or  a  three-inch  pipe  is  sufficient  to  pass  off  this  maximum  discharge  of 
6ewage  of  100  men,  women,  and  children. 

Again,  suppose  that  the  ground  is  such  that  there  is  no  available  fall 
along  the  line  this  sewage  has  to  be  discharged,  and  the  length  of  pipe  is 
500  yards,  the  question  is  how  to  obtain  the  velocity  of  one  toot  a  second  ? 

Adhering  to  Beardmore's  tables,  the  discharge  being  0-048ft.  a  second, 
ov  2.880ft.  a  minute,  distance  1,500ft.  and  diameter  ot  pipe  3in.,  there  is 

1,500 

=  2i 


m 


That  is,  with  2£ft.  head  of  water  and  a  three-inch  pipe  (which  is  500  yards 
long),  in  12  hours  this  pipe  could  discharge  the  sewage  of  100  inhabitants, 
but  if  the  head  of  water  was  raised  to  10ft.,  this  same  pipe  could  discharge 
more  than  four  times  as  much. 

The  question  is,  how  is  this  fall  to  be  obtained  on  perfectly  level  ground  ? 
and  the  answer  is  by  pumping ;  but  it  is  obvious  that  all  the  water  does 
not  require  to  be  pumped,  but  only  a  small  portion  of  it,  by  simply  having  all 
the  water-closets  in  a  house  above  the  level  of  10ft.  ;  and  whatever  water 
may  be  used  in  the  Mtchen  or  ground  floor  only,  can  be  pumped  up  to  the 
required  level,  a  work  that  would  hardly  occupy  the  kitchen  servants  above 
quarter  of  an  hour  daily.  There  will  also  be  this  advantage,  that,  having 
to  pump  up  all  the  dirty  water  in  the  sink  or  cesspool,  no  bulky  matter 
could  find  its  way  up  the  pump,  but  would  have  to  be  removed  by  hand 
to  the  ash  pit,  to  be  carted  away  in  a  dry  state ;  thus  there  could  be  no 
danger  of  the  sewage  pipes  being  ever  blocked  up  by  solid  matter. 

Mr.  Chadwick,  in  his  report  on  the  Paris  Exhibition  on  dwellings  for 
the  working  classes,  has  drawn  attention  to  a  number  of  most  important 
sanitary  questions,  of  which  the  above  is  one  of  them,  and  at  page  76  of 
this  able  report  points  out,  that  fresh  sewage  that  has  not  undergone  the 
process  of  decomposition  is  not  only  more  valuable  in  its  fructifying  power 
in  the  proportion  of  one  to  three ;  but,  instead  of  killing  fish  when  it 
escapes  fresh  into  a  river,  the  fish  come  and  feed  on  it.  So  the  qestion  is, 
why  is  it  that  there  has  been  so  great  an  outcry  about  the  evil  effects  of 
the  sewage  of  our  cities? 

The  reply  is,  that  it  is  from  a  want  of  a  proper  knowledge  of  the 
abrading  and  transporting  power  of  water,  and  to  prove  this  one  example 
will  be  sufficient.  At  a  well  known  watering-place  on  the  west  coast  of 
England,  the  Local  Board  of  Health  are  at  present  constructing  a  culvert 
to  convey  away  the  drainage  and  sewage  of  a  portion  of  the  town.  The 
land  is  nearly  level,  so  there  is  no  great  outfall  that  the  sewage  and  drain- 
age can  flow  off  quickly  by  its  own  gravity.  To  provide,  therefore,  for 
this  want  of  natural  fall,  the  channel  along  which  the  sewage  and  drainage 
is  to  escape  is  made  large,  the  culverts  being  2ft.  by  lfft.  of  egg-shaped 
section.  The  houses  for  which  this  sewer  is  being  built  are  twelve  in 
number,  containing  something  rather  under  100  inhabitants,  and  this 
drain  is  500  yards  in  length,  which  will  cost  somewhere  about  one  pound 
sterling  per  running  yard,  which,  at  5  per  cent.,  is  an  annual  tax  of  rather 
over  £2  a  house. 

Now  the  first  mistake  made  in  this  town,  we  are  of  opinion,  is  combining 
the  storm  with  the  sewage  drainage  :  for  the  former  could,  with  impunity, 
be  permitted  to  drain  into  the  sea,  but  this  mistake  probably  arises  from  a 
want  of  a  proper  knowledge  of  the  abrading  and  transporting  power  of 
water,  for  if  the  storm  dra'nage  has  already  got  its  proper  load  of  solid 
matter,  where  probably  the  slopes  over  the  surface  are  much  greater  than 
within  the  culverts,  it  is  evident  that  the  highly  charged  storm  water 
cannot  aid  in  scouring  out  any  prior  deposit,  but  will  rather  add  to  it. 
Consequently  the  admission  of  this  storm  drainage  rather  tends  to  block 


up  the  culvert  sewers  instead  of  keeping  them  clear,  so  there  can  be 
nothing  gained  by  having  large  sewers  to  convey  away  the  storm  drainage 
also. 

It  has  been  said  tbat  the  sewer  now  being  built  has  a  section  of  2ft.  by 
lift.,  but  taking  the  nearest  size  to  this,  2ft.  by  ljft.,  given  in  Beard- 
more's tables,  where  there  is  a  fall  of  2ft.  in  the  mile,  with  a  depth  of  12in. 
of  water  in  the  culvert,  we  only  get  a  velocity  of  59'9ft.  a  minute,  or  what 
we  started  with,  as  required  to  move  along  sand  by  sewage  water ;  but  we 
also  find  that  to  give  this  depth  of  water,  the  discharge  requires  to  be  no 
less  than  52ft.  a  minute.,  or  eighteen  times  more  than  the  sewage  of  one 
hundred  inhabitant?,  while  with  any  decreased  velocity  it  is  supposed  sand 
cannot  be  transported.  The  natural  consequence  is,  therefore,  that  the 
sewer  must  get  filled  up,  till  it  has  reduced  the  opening  to  such  an  area 
that  the  velocity  acquired  by  having  to  pass  through  such  a  small  opening 
can  enable  the  water  to  sweep  along  sand,  or,  in  other  words,  the  culvert 
sewer  gets  filled  up  with  decomposed  putrid  sewage,  that  poisons  the  air, 
earth,  and  water,  while  for  some  one-tenth  of  the  cost  probably,  a  proper 
system  of  sewage  pipes  could  be  laid  down,  so  that  even  a  new  set  of  pipes 
could  be  laid  down  every  other  year  at  no  greater  cost  than  the  interest 
on  capital  laid  out  on  the  culvert  sewer. 

By  this  head  of  pressure  system  also,  it  is  evident  tbat  for  irrigation 
purposes  there  would  be  little  trouble  in  spreading  the  sewage  over  the 
lands,  while  by  the  increased  velocity  the  land  would  receive  it  in  a  fresh 
state,  and  thus  the  greatest  benefits  to  the  soil  would  be  secured  without 
any  deteriorating  effect  on  the  health  of  the  inhabitants,  and  all  at  what 
cost  ?  Merely  that  the  kitchen  servants,  for  a  quarter  of  an  hour  or  so 
daily,  would  have  to  pump  up  the  water  in  the  cesspool  to  a  higher  level  of 
some  ten  feet  or  so  above  the  sewage-pipe  outfall,  and  thus  all  these  in- 
genious methods  of  separating  all  sorts  of  rubbish  would  not  be  necessary1 
for  they  could  not  be  pumped  up  from  the  sink,  so  that  only  paper  in  a 
state  of  pulp  could  pass  down  the  pipes.  The  servant  girls  might  at  first 
object,  but  not  where  sewage  arrangements  are  introduced  for  the  first 
time,  and  once  the  advantage  of  this  system  were  proved,  all  objections 
would  soon  disappear. 

Its  Action  at  Weirs  and  Spues. 


A  knowledge  of  the  abrading  and  transporting  power  of  water  is  of 
great  importance  in  the  construction  of  weirs  and  spurs.  The  object  of 
the  former  being  to  hold  up  the  surface  level  of  the  water  when  a  river  is 
not  in  flood,  and  to  admit  of  a  free  flow  of  the  water  when  a  flood  is 
passing  down. 

With  spurs  or  groins,  on  the  other  hand,  the  object  is  quite  different ; 
and  it  is  to  retard  the  flow  of  a  silt-bearing  current  at  paints  where  abra- 
sion is  taking  place,  so  as  to  cause  deposit,  rather  than  a  cutting  action  at 
the  points  required.  Begarding  weirs,  it  may  be  said  that  they  can  have 
no  injurious  effect  on  the  bed  of  a  river,  so  long  as  the  sectional  area  of 
the  stream  over  the  lip  of  the  weir,  during  a  flood,  is  greater  than  the 
smallest  sectional  area  of  the  stream  below  the  wei  . 

During  a  flood,  it  is  evident  that  having  a  weir  across  the  bed  of  a 
stream  that  admits  of  a  free  flow  of  the  whole  volume  of  water,  cannot 
have  any  effect  whatever  in  raising  the  bed  "  up  stream,"  for  it  cannot 
retard  the  velocity.  And  down  stream,  except  in  the  immediate  vicinity 
of  the  works,  owing  to  the  disturbance  caused  by  the  change  of  the  general 
direction  of  the  flow  of  the  stream,  which  requires  to  be  guarded  against 
by  protective  works,  a  weir  can  have  no  bad  effect,  for  the  water  will  flow 
down  as  it  did  before  the  weir  was  built,  with  the  very  same  volume, 
velocity,  and  load  of  silt. 

It  has  been  supposed  that  by  throwing  an  artificial  bar,  or  weir,  or  any 
obstruction  across  the  bed  of  a  stream,  such  as  the  flooring  of  a  bridge, 
it  will  hold  up  the  bed  of  a  stream ;  but  such  is  not  the  case,  unless  the  sur- 
face of  the  water  be  held  up  also.  To  do  this — that  is,  to  contract  the 
water-way — increases  the  velocity,  which  at  once  endangers  the  stability  of 
the  work  ;  for  where  there  is  any  increase  of  velocity,  then  there  must  be 
scour  to  such  a  depth  that  the  stream,  owing  to  the  increased  depth,  can 
only  transport  water  holding  in  suspension  solid  matter,  in  the  same  pro- 
portion as  the  stream  did  in  its  normal  state.  What  is  found  to  occur, 
therefore,  is  a  deep  hole  scoured  out  at  the  point  of  contraction,  and  a  few 
yards  below  this  the  very  same  matter  is  again  deposited,  as  soon  as  the 
river  again  attains  its  natural  velocity,  and  at  once  the  hole  is  scooped  out 
to  the  necessary  depth  to  admit  of  the  water  with  this  increased  velocity, 
and  its  natural  load  of  silt  being  carried  forward,  all  further  cutting  then 
ceases  ;  for  the  abrading  and  transporting  power  is  directly  as  the  velocity, 
and  inversely  as  the  depth,  in  some  proportion  which  can  only  be  deter- 
mined as  before  suggested  by  a  series  of  carefully  conducted  experiments. 

In  cases,  however,  of  mountain  torrents  of  great  declivity,  and  whose 
beds  may  be  said  to  be  all  moving  down  to  a  depth  of  several  feet  below 
what  is  the  bed  of  the  river,  when  not  in  flood,  these  holes  may  not  be  so  appa- 
rent after  a  flood  has  subsided,  for  they  get  filled  up  as  the  flood  decrease 
by  the  shifting  sands  filling  up  the  deep  hole.  Yet  nevertheless  they  do 
exist  during  floods ;  and  this  is  proved,  by  the  whole  work  sometimes  dis- 
appearing in  these  holes,  and  being  again  covered  over. 
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"With  spars  or  groins,  it  has  heen  ah-eady  said  that  they  are  intended  to 
retard  the  velocity;  but  it  sometimes,  nay  often,  happens  that  they  become 
nothing  more  or  less  than  submerged  weirs,  and,  instead  of  decreasing  the 
velocity,  actually  increase  it  at  the  very  point  where  it  was  hoped  there 
would  be  a  deposit. 

Instead  of  only  admitting  a  limited  volume  of  water  through  them,  and 
forcing  the  remainder  to  pass  round  them — thus  retarding  the  flow  of  the 
silt-bearing  water  on  hoth  the  up  and  down  stream  sides  of  the  groins,  and 
causing  a  deposit — these  spurs  often,  instead  of  retarding  the  flow  in  their 
vicinity,  and  ultimately  diverting  the  general  stream,  cause  the  water  to  flow 
over  them  at  an  increased  velocity;  and  instead  of  doing  good  by  causing 
deposit,  do,  in  fact,  by  giving  a  plunging  direction  to  the  water,  produce  a 
scour  in  the  same  manner  as  building  a  pier  in  the  bed  of  a  river;  and  it 
sometimes  happens  that  the  deepest  water  is  found  round  the  obstruction. 
It  is  thus,  by  a  want  of  the  proper  knowledge  of  the  abrading  and  trans- 
porting power  of  water,  that  large  sums  of  money  are  often  expended  on 
works  connected  with  water  in  motion, — and  the  result  is  most  unsatis- 
factory, by  reason  of  injury  instead  of  good  resulting  therefrom. 

Its  Effect  on  the  Watee-way  of  Bbidges. 

Should  it  be  correct  that  the  abrading  power  of  water  becomes  nil 
when  once  the  stream  has  its  proper  load,  and  the  transporting  power 
is  directly  as  the  velocity,  and  inversely  as  the  depth,  it  is  evident  that  to 
determine  the  proper  water-way  for  bridges  becomes  very  much  sim- 
plified ;  for  in  all  rivers  passing  through  alluvial  plains,  nature  will  have 
given  to  the  stream  the  requisite  load  due  to  the  velocity  and  the  depth, 
any  change  being  simply  of  a  local  nature.  This  at  once  saves  the  necessity 
for  long  and  extended  surveys  of  catchment  basins,  registers  of  rain-fall, 
and  measurements  of  discharge  or  velocities;  for  the  channel  itself  becomes 
the  best  of  all  tests,  for  it  shows  what  volume  of  water  must  pass  down,  and 
that  the  soil  can  and  has  stood  the  wear  and  tear. 

To  attempt  to  determine  the  water-way  by  detailed  surveys  of  the 
catchment  basins,  leaves  a  vast  field  for  speculation;  for  not  only  must  the 
exact  area  be  known,  but  the  greatest  rain-fall  in  a  given  time,  as  well 
as  its  duration,  and  also  the  distance  the  water  must  travel  before  it 
can  reach  the  part  of  the  river  to  be  bridged.  Even  then,  after  having 
got  all  this  accurately,  so  as  to  be  able  to  determine  the  actual  discharge, 
provided  it  be  also  known  what  is  the  actual  absorption  ;  and  after  having 
attained  all  this,  having  to  fix  some  rule  as  to  velocity  by  determining  that 
it  should  not  exceed,  say  three  feet  a  second,  when  in  nature  it  can  pass  off 
harmlessly  with  velocities  exceeding  half-a-dozen  feet, — the  water-way 
must  be  much  too  great  if  the  velocity  determined  on  be  too  small,  and 
too  contracted  if  it  be  fixed  at  too  high  a  speed,  and  so  will  prove  such  a 
rule  to  be  empirical. 

Thus,  it  sometimes  happens  that  a  bridge  may  he  safer  by  reducing  the 
water-way,  for  it  only  gives  the  stream  more  room  to  meander  about, 
and  so  enables  it  to  approach  the  bridge  in  an  oblique  direction,  and  thus 
cause  a  violent  scooping  out  at  some  corner  to  a  greater  depth  than  if  the 
water-nay  was  contracted,  and  the  river  forced  to  approach  the  works  at 
right  angles  to  the  line  of  the  bridge. 

From  the  foregoing  it  will  be  seen,  that  the  best,  nay,  the  only  reliable 
data  to  be  guided  by  is  the  cross  section  of  the  river  itself,  at  some  point 
below  the  site  of  the  proposed  bridge,  where  the  channel  is  pretty  straight. 
By  allowing  this  sectional  area,  it  is  evident  that  the  only  derangement  to 
the  flow  must  be  owing  to  the  obstruction  offered  by  the  piers,  for  which, 
allowance  has  in  most  cases  to  be  made.  That  is,  supposing  the  mean 
hydraulic  depth  of  a  stream  to  be  10ft.,  and,  by  having  piers  built,  if  this 
hydraulic  depth  is  reduced  to  7ift.,  the  breadth  of  water-way  would  have 
to  be  increased  one-third  more  than  it  was  in  nature,  provided  no  addi- 
tional water-way  be  given  by  lowering  the  bed  at  the  point  bridged. 

The  latter  plan,  however,  appears  preferable;  and  now  that  foundations 
can  be  sunk  to  almost  any  depth,  the  water-way — that  is,  the  distance 
between  the  abutments  of  the  bridge— may  be  considerably  less  than  the 
distance  between  the  river  bnnks  at  its  narrowest  part.  As  water  does  not 
travel  in  straight  lines,  it  signifies  little  what  may  he  the  shape  of  the 
cross  section  so  long  as  it  has  the  power  to  assume  its  natural  section 
again  on  leaving  the  work.  Thai,  OS  before  shown  in  the  case  of  a  weir,  it 
may  bo  ipread  out  to  a  great  breadth  ;  so,  in  that  of  a  bridge,  this  breadth 
may  be  reduced  while  the  depth  ii  increased. 

The  effect  of  increasing  tin;  depth  will  be  to  cause  a  slight  increase  to 
the  velocity ;  but ,  on  the  other  hand,  the  transporting  power  of  deep 
streams  is  believed  to  be  much  less  than  shallow  ones  with  equal  velocities  ; 
therefore,  by  doubling  the  depth,  this  transporting  power  becomes  greatly 
decreased,  consequently  there  exists  some  limit  where  all  further  scooping- 
ont  of  the  bed  ceases,  r.nd,  if  the  foundations  be  carried  below  the  greatest 
depth  at  which  the  bed  can  be  disturbed,  there  can  be  no  danger.  '1  he 
whole  question,  therefore,  resolves  itself  into  one  of  expense,  or  deep 
foundations  against  extended  superstructure. 

Now,  as}  in  large  river?,  such  as  those  which  drain  the  plains  of  Upper 
India,  the  depth  is  only  a  small  fraction  of  the  breadth,  say  TJ0,  if  the 


depth  be  doubled,  the  length  of  the  superstucture,  within  certain  limits  of 
safety,  maybe  reduced  nearly  one-half  by  sinking  the  foundations  an  extra 
15  or  20ft. 

As,  therefore,  the  difficulty  of  under-sinking  foundations  has  been  over- 
come by  the  sand-pump,  there  can  be  little  doubt  but  enormous  savings 
can  be  effected  in  bridging  such  rivers;  while,  by  having  a  deep  channel, 
there  is  less  danger  of  the  river  changing  its  course.  That  is,  taking  a 
stream  1,000ft.  broad  and  10ft.  deep,  and  another  section  of  the  same  stream 
666§ft.  broad  and  15ft.  deep,  the  narrower  and  deeper  section  can  pass  off 
the  greater  volume  of  water  without  disturbing  the  bed. 


The  reason  is,  that  with  the  same  load  of  silt  the  stream  can  flow  down 
with  greater  velocity,  owing  to  the  greater  depth.  Thus  as  A'B'  is  one- 
third  less  than  AB,  the  superstructure  will  be  proportionally  reduced. 
Thus  the  narrow  section  could  be  spanned  by  seven  girders  of  95ift.  span, 
while  the  broad  one  would  require  ten  of  100ft.,  or  three  more  piers,  which 
alone  would  cost  more  than  undersinking  the  foundations  a  few  additional 
feet,  aud  thus  fully  one-third  can  be  saved  in  the  cost  of  the  work. 


PATENT  MONOPOLY  AS  AFFECTING  THE  ENCOURAGEMENT, 
IMPROVEMENT,  AND  PROGRESS  OF  SCIENCE,  ARTS,  AND 
MANUFACTURES. 

By  Henry  Dikcks,  C.E.,  F.R.S.E.,  &c. 


The  discussion  in  Parliament  on  the  28th  May,  on  the  question  raised  by 
Mr.  Macfie,  the  member  for  Leith,  in  reference  to  the  Patent  Laws;  and 
the  subsequent  treatment  of  the  same  by  the  daily  and  weekly  press,  dis- 
play a  singular  want  of  acquaintance  with  the  matter  each  undertakes  to 
expound,  exemplify,  and  set  on  a  right  basis. 

Mr.  Macfie's  interest  in  the  subject  which  he  has  thus  prominently  brought 
forward,  arises  from  the  fact  of  his  having,  as  a  sugar  refiner,  patented  in  1850, 
certain  improvements  in  refining  and  preparing  sugar,  and  manufacturing 
and  treating  animal  charcoal.  If  he  would  favour  the  world  with  the  his- 
tory of  his  own  case  of  suffering,  in  preference  to  rambling  over  a  mass  of 
incongruous  evidence,  we  might  possibly  learn  the  facts  from  which  he 
deduces  the  astounding  statement  that,  the  interference  of  the  legislature  is 
demanded  "  to  protect  commercial  interests  from  the  evil  consequences  of 
the  law  of  patent  right."  These  being  bis  own  words,  he  can  surely  inform 
us  what  has  been  his  own  commercial  experience  of  "  the  evil  consequences 
of  patent  right."  He  alludes  to  one  "  e»il  "  arising  from  the  circumstance 
that  "one  particular  law  plea  had  cost  the  parties  £100,000."  Has  he  also 
had  experience  in  any  "law  plea,"  arising  from  infringement,  or  any  other 
cause  whatever  ? 

However,  in  the  absence  of  his  personal  experience,  let  us  see  what  he 
advances  on  public  grounds,  to  protect  "the  interests  of  the  nation  at  large." 
He  starts  with  the  remarkable  assertion  that,  the  present  patent  right  in  no 
respect  differed  "  from  that  our  forefathers  250  years  ago  (1619)  thought 
tolerable."  Is  it  possible  that  Mr.  Macfie  can  really  be  so  ignorant  of  his- 
torical information  on  this  important  subject,  as  not  to  know  that  patents 
of  the  period  to  which  be  alludes  were  actually  of  the  kind  he  calls  a 
"  property  in  ideas,"  and  totally  different  to  patents  dating  from  3rd  October 
1771,  when  specifications  began  to  be  introduced  ?  Probably  he  may  not 
be  aware  of  this  important  distinction,  one  which  has  been  made  still  more 
explicit  by  the  amended  law  of  1852,  requiring  the  immediate  deposit  of  a 
provisional  specification.  But,  nevertheless,  he  insists  that,  all  patents  aro 
merely  ''ideas."  We  can  understand  that  the  Title  "improvements  in 
sugar  manufacture,"  is  in  itself  limply  an  "  idea,"  but  surely  the  Specifica- 
tion which  follows,  is  something  more  than  a  vogue  unexplained  idea,  inas- 
much as  it  makes  public  all  that  is  requisite  to  obtain  the  desired  results'. 

.Mr.  Macfie's  logical  conclusions  are  exceedingly  novel.  He  professed  to 
have  "  witnesses  to  prove  that  Patent  Law  interfered  very  seriously  with 
trade  "  ;  and  lie  "  held  in  his  bund  .1  paper  which  showed  how  many  wrongs 
were  inflicted  bj  the  present  system  on  manufacturers,  patentees,  and  ven- 
dors who  wore  not  patentees  j  usd  he  believed  that  the  Royal  Commis- 
sion of  1862,  had  round  there  was  "the  existence  of  practical  inconve- 
iiicnr -,-  iVi  in  the  multiplication  of  patent*."  Hy  this  menus  "  Ireland,  too, 
was  a  great  Sufferer"  because  "in  1800  there  were  only  two  patents," 
whereas  "now  they  are  2292.'' 

But  "  the  nation  al  large  "  has  known  what  it  was  to  be  without  patents, 
for,  as  Mr.  Macfie  himself  observes,  "in  I860  (during  the  Commonwealth) 
the  number  of  patents  was  naught "  j  and  as  above  stutoi,  Ireland  in  isoo, 
had  only  two  patents.     If  Mr.  Macfie's  evidence  and   arguments  arc  worth 
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any  thing,  those   were  glorious  times  for  arts,  manufactures,  trades  and 
commerce  in  this  country  ! 

I  contend  that  the  whole  question  in  dispute  affecting  the  abolition  of  the 
Patent  Laws,  concerns  only  manufacturers,  and  not  "the  nation  at  large," 
the  public,  the  million.  The  people  never  will  move  in  it,  simply  because 
they  are  the  gainers,  even  although  some  few  manufacturers  with  old  works, 
conducted  on  old  systems,  may  happen  to  suffer  ever  so  much  during  some 
great  reform;  such  as,  for  example,  the  substituting  steam  engines  for  atmos- 
pheric engines,  doing  away  with  spinning  jennies,  introducing  steam  propul- 
sion on  land  and  water,  or  whatever  interferes  with  supposed  vested  rights. 
And  after  all,  when  thus  limited  to  manufacturers,  how  few  are  ever 
affected  to  their  serious  injury,  and  how  many  owe  their  elevation  to  their 
enterprise  in  the  early  encouragement  they  have  given  to  some  patented 
novelty  ?. 

Those  who  argue  against  Patent  Law  never  keep  to  one  argument,  never 
prove  anything.  They  assert  abundantly  that  trade  is  hampered,  that  it  is 
a  national  calamity,  and  that  the  progress  of  manufactures  is  impeded. 
These  are  their  public  grounds  of  groundless  complaint.  Then  they  shift 
to  the  poor  inventor,  he  has  only  an  idea,  he  can  have  "  no  property  in  ideas," 
his  law  expenses  are  enormous,  patents  ruin  him,  the  true  inventor  gets  no 
benefit,  and  so  forth  to  prove  that  the  patenting  of  inventions  is  a  delusion 
and  a  snare  !  Then  come  their  comparisons.  Mr.  Macfie  stated,  that  "  an 
invention  differed  altogether  from  the  literary  work  of  an  author,  which  he 
would  continue  to  protect."  So  that  logically  stated  a  book  net  being  an 
idea,  a  man  may  legally  claim  a  property  in  his  book  !  Such  is  the  raiser- 
able  reasoning  of  the  opponents  of  equal  protective  right  in  works  of  genius 
and  talent. 

At  the  meeting  of  the  British  Association,  held  in  Norwich,  I  read  the 
following  paper,  on  the  26th  August,  1868,  and  it  appears  to  me  to  be  particu- 
larly pertinent  to  the  present  occasion  : 

Very  early  records  exist  among  our  state  papers  and  scientific  literature, 
affording  abundant  and  satisfactory  evidence  that  men  of  genius  and  enter- 
prise engaged  in  industrial  arts  and  manufactures,  have  for  centuries 
obtained  protection  for  their  individual  inventions  or  improvements  of  a 
mechanical  or  other  nature,  through  the  medium  of  secrecy  in  their  oper- 
ations, or  through  the  medium  of  patent  monopoly.  We  have  thus  the 
secret  process  of  manufacture,  which  may  confine  the  use  of  an  important 
invention  or  improvement  to  the  sole  use  of  an  individual,  and  which  may 
be  for  ever  lost  to  society  on  his  decease,  as  indeed  has  happened.  And  we 
have  on  the  other  hand  the  public  process  and  public  use,  which  an  in- 
ventor confidently  leaves  to  posterity  in  consideration  of  limited  patent 
protection. 

Now,  what  we  have  specially  to  bear  in  mind  in  reference  to  these 
differently  situated  classes  of  inventors  is  the  fact  that  the  secret  invention 
is  as  much  or  more  of  a  monopoly  than  any  patented  invention,  with  this 
single  difference,  that  the  one  must  inevitably  revert  to  the  public,  while 
the  other,  whatever  may  be  its  value,  is  in  a  position  to  die  with  the 
inventor.  And  indeed  there  can  be  no  doubt  that  the  advancement  of 
many  branches  of  manufactures  has  been  materially  retarded  by  the 
discouragement  generally  given  to  secret  inventions. 

Although,  therefore,  a  patent  is  absolutely  a  monopoly,  it  is  one  differing 
in  no  important  respect  from  an  individual's  right  to  the  full,  free,  and 
unmolested  possession  of  his  money  or  merchandise.  He  who  can  make 
two  blades  of  grass  grow  where  only  one  grew  before  has  an  inalienable 
right  to  produce  double  crops  on  his  land  without  communicating  his  in- 
telligence to  any  second  person,  whereby  to  enable  others  not  only  to  com- 
pete with  himself,  but  thereby  also  enlist  the  co-operation  of  the  entire 
farming  interest  in  adopting  his  discovery.  Such  an  one  may,  therefore, 
be  taken  as  representing  those  inventors  who  work  in  secret  and  reap  the 
fullest  possible  benefit  that  can  arise  from  their  ingenuity  and  industry, 
although  exercised  on  limited  operations  at  a  large  profit. 

Now  patent  law  is  based  on  the  principle  of  considering  it  to  be  of  public 
advantage  to  protect  the  secret  invention,  whatever  it  may  be,  by  securing 
to  the  inventor  the  sole  use  of  his  invention  for  fourteen  years,  under  letters 
patent  granted  by  the  Crown.  It  is  thus  that  patents  are  now,  as  of  old, 
obtained  on  the  payment  of  certain  fees,  and  the  lodging  of  a  complete 
specification  (together  with  drawings,  if  needful)  exactly  describing  the 
nature,  object,  and  mode  of  working  tho  alleged  invention  or  improvement. 
But  the  patent  laws  have,  during  different  reigns,  undergone  great  modi- 
fications. The  system  that  obtained  during  the  reign  of  Elizabeth  was 
strikingly  absurd  and  obnoxious,  operating  to  encourage  perverted  and 
fraudulent  ingenuity,  aud  it  was  only  on  the  accession  of  James  I.  to  the 
throne  that  patent  monopoly  was  limited  to  the  "  sole  working  or  making 
of  any  matter  of  new  manufactures."  Unfortunately,  it  was  not  at  the 
same  time  required  from  the  inventor  to  state  more  than  the  title  of  his 
invention,  to  which  he  generally  added  an  inflated  statement  of  its  won- 
derful properties.  This  lax  mode  of  obtaining  patents  for  inventions  which 
might  be  real  or  purely  visionary,  continued  for  nearly  three  centuries,  and 
it  was  only  late  in  the  eighteen  h  century  that  specifications  formed  neces- 
sary adjuncts  to  the  titles  of  patents. 


In  considering  the  subject  of  patent  monopoly  we  must  never  lose  sight 
of  these  progressive  stages,  otherwise  we  shall  continually  fall  into  the 
error  of  raising  objections  to  patent  monopoly  on  obsolete  and  admitted 
defective  patent  laws.  From  October,  1852,  the  mode  of  obtaining  patents 
has  been  simplified  and  great  facilities  afforded  to  inventors  ;  the  patent 
fees  have  been  considerably  reduced  and  made  payable  at  three  stages  of 
the  term  of  fourteen  years,  amounting  to  a  saving  of  the  inventor  of  50  per 
cent,  on  the  fees  for  the  United  Kingdom,  as  compared  with  former  prac- 
tice. It  is  now  sought  to  introduce  many  excellent  reforms  to  admit  ac- 
knowledged facilities,  and  to  render  patents  less  liable  than  they  are  at  pre- 
sent to  clash  with  private  interests  in  similar  property,  to  be  effected 
through  the  medium  of  specifications  undergoing  a  thorough  examination 
by  an  authorised  legal  and  scientific  body  of  examiners. 

This  sketch,  although  necessarily  brief,  bring3  under  observation — lst> 
Secrecy  in  invention  as  one  mode  of  securing  to  an  inventor  the  monopoly 
he  desires  to  possess  in  the  products  of  his  own  ingenuity  ;  2nd,  The  adop- 
tion of  patent  monopoly,  under  the  existing  law ;  and  3rd,  The  progressive 
improvements  in  patent  laws  from  the  reign  of  Elizabeth  to  1852. 

Letters  patent  simply  afford  a  monopoly  in  products  which  are  novel, 
useful,  and  economical,  the  result  of  individual  investigation,  ingenuity,  and 
enterprise;  and  of  which  the  public,  that  is,  the  community  at  large,  would 
otherwise  have  been  deprived.  Patent  fees  are  the  smallest  part  of  the 
charges  incurred  by  inventors;  hundreds,  and  oftener  thousands  of  pounds 
are  totally  sunk  in  mere  experiments,  and  often  when  a  valuable  patent  is 
obtained  its  possessor  may  have  to  spend  years  and  a  fortune  in  bringing 
the  manufacture  to  perfection.  Metallurgy  abounds  with  examples  of  this 
kind,  as  does  also  chemistry,  weaving,  dyeing,  ship  building  and  propelling, 
railways  and  locomotives,  and  in  short,  almost  every  department  of  industry. 
Who,  among  these  arduous  workers  would  have  dared  thus  to  devote  their 
time,  energies,  and  capital  to  reap  the  cold  and  doubtful  acknowledgements 
in  a  pecuniary  form  from  any  body  of  manufacturers,  however  numerous 
and  wealthy  ?  It  is  not  in  human  nature  to  devote  capital  and  ingenuity 
to  the  perfecting  of  mechanical  or  other  operations  in  arts  and  manufac- 
tures without  reaping  a  substantial  benefit,  arising  from  per  centage  of  pro- 
fit on  the  advantages  gained  by  introducing  a  new  or  improving  an  old 
manufacturing  process. 

Much  has  been  said  against  patent  monopoly  on  the  ground  of  a  large 
number  of  patents  being  obtained  for  subjects  which  are  pronounced  to  be 
frivolous,  and  of  course  worthless.  Now,  a  steel  pen  would  possibly  come 
under  this  category,  and  perhaps  also  a  button,  hook-and-eye,  pins,  needles, 
tape,  ribbons,  gloves,  shoes,  hats,  nails,  screws,  with  others  of  a  similar 
class.  But  most  of  these,  like  the  sewing  machines,  require  ingenious 
mechanism  for  their  production  ;  and  being  articles  of  large  consumption, 
not  only  is  an  extensive  manufactory  erected — one  for  pens,  another  for 
nails,  a  third  for  screws,  and  so  on ;  but  the  working  of  the  newly -patented 
article  may  involve  an  outlay  of  capital  which  surely  deserves  as  much  pro- 
tection as  capital  employed  on  patented  engines,  steam-hammers,  and  other 
large  mechanical  appliances.  To  some  minds  all  is  meretricious,  which 
they  cannot  immediately  understand  ;  and  if  a  dozen  instances  out  of  3,000 
patents  granted  in  one  year  can  be  shown  to  be  absolutely  worthless,  the 
whole  fabric  of  patent  law  is  decried  on  no  better  grounds  than  the  pro- 
duction of  a  few  exceptional  cases,  than  which  nothing  can  be  more 
illogical  and  unjust.  The  most  cursory  view  of  the  progress  of  patent 
monopoly  shows  how  gradually  it  increased.     Thus  we  see  by  table  No.  1. 

No.  1.  The  Peogbes3  cm  Patents,  tindeb  the  old  Patent  Laws  ending 
Octobee,  1852. 


James  1st 

Charles  1st  .... 

Commonwealth 

Charles  2nd 

James  2nd    .... 

William  and  > 
Mary         )  " 

Anne 

George  1st    ...., 

George  2nd  

George  3rd    .... 

George  4th  .... 
William  4th...., 
Victoria 


1617—1625 
1625—1642 

1606—1635 
1685—1689 

1689—1702 

1702—1714 
1714—1727 
1727—1760 
1760—1820 
1820—1830 
1830—1837 
1837—1852 


Years. 

Patents. 

8 

32 

17 

95 

25 

121 

4 

14 

13 

106 

12 

29 

13 

97 

33 

263 

60 

3,766 

10 

1,535 

7 

1,467 

5 

6,833 

4 
nearly     6 

nearly     5 
5 

above      8 

nearly     2J- 

'  1 

8 

62| 

153J 
nearly  208J 
above  455 
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Under  the  New  Law,  commencing  October  1852. 

October  1852  to  December  1852 — 1,211  Patents  for  three  months. 

January  to        „         1853 — 3,045        .,  per  ann. 

1854— 2,764       „  „ 

1855—2,958       „  „ 

The  conclusions  we  draw  from  these  facts  are,  that  excessive  patent  fees 
are  a  serious  tax  on  the  inventive  ingenuity  of  the  country;  that  it  is 
questionable  whether  any  distinction  should  be  made  between  large 
and  small  inventions  so  long  as  they  are  original  and  useful ; 
and  lastly,  that  patent  laws  require  and  are  capable  of  being  amend- 
ed. It  is  very  certain  that  patent  monopoly  has  largely  assisted  in 
encouraging  the  developement  of  an  amazing  amount  of  ingenuity  in  pro- 
ducing entirely  new  sources  of  industry,  and  in  extending  and  improving 
many  old  manufactures. 

Among  industrial  arts,  husbandry  is  much  indebted  for  machines  which 
a  qaarter  of  a  century  back  it  would  have  been  thought  impossible  ever  to 
realise.  And  among  manufactures,  how  many  entirely  new  ones  have  arisen 
which  we  may  reasonably  trace  to  the  direct  operation  of  patent  monopoly 
in  the  security  it  gives  the  capitalist  for  the  safe  outlay  of  his  money  on 
what  otherwise  would  never  excite  his  attention,  and  most  likely  only  be 
treated  as  a  wild,  hopeless  speculation.  Among  these  patented  inventions 
we  trace  the  large  manufactures  of  mackintosh  cloth,  Vulcanised  India- 
rubber,  gutta-percha,  new  dyes,  felted  carpets,  gas,  electric  telegraphs, 
electroplating,  stereotype  printing,  iron  shipbuilding,  wire  rope,  railway 
bars  and  locomotives,  alpaca  manufacture,  photography,  paraffine  oil,  with 
many  more,  all  springing  out  of  the  security  given  for  the  investment  of 
capital  in  the  working  of  patent  property. 

The  vast  increase  of  improvements  in  husbandry,  brewing,  dyeing,  print- 
ing, electro-plating,  metallurgy,  aud  other  extensive  operations,  has  called 
into  exercise  such  a  demand  for  scientific  aud  skilled  labour,  that  labora- 
tories form  an  essential  feature  of  many  large  establishments  to  test 
accuracy  of  production,  exactness  in  important  details,  to  seiae  any  acci- 
dental suggestions  that  may  offer,  and  to  further  scientific  applications 
derived  from  independent  sources.  The  entire  circle  of  arts  and  manufac- 
tures is  thus  being  constantly  improved,  and  scientific  research  materially 
upheld  and  encouraged. 

Still,  there  may  exist  individuals  who  seriously  believe,  and  that  without 
the  slightest  bias  from  self-interest  or  disappointed  hopes,  or  any  flush  of 
success  that  renders  them  independent  of  adverse  opiuions  to  the  means 
which  achieved  their  own  rise  in  fortune,  that  all  the  encouragement,  im- 
provement, and  progress  we  have  pointed  out  would  have  gone  on  all  the 
same  had  Patent  Laws  never  existed;  and,  in  short,  that  all  our  distin- 
guished patentees  from  Watt  in  1769-1785,  to  the  present  times  would 
have  laboured,  and  produced,  and  laid  out  capital  experimentally  and  prac- 
tically, just  the  same  had  these  patent  laws  been  abolished  ;  indeed,  that 
Mr.  Boulton  would  have  been  as  secure  and  as  successful  without,  as  he 
was  with  patent  monopoly.  Such  reasoners  always  assume  that  inventors 
invent  from  the  pure  unalloyed  pleasure  they  take  in  reforming  all  existing 
systems  of  manufacture.  Poets  and  prose  writers  may  invent  with  a  view 
to  something  more  substantial  than  fame  and  honour,  but  mechanical 
inventors,  we  are  to  believo,  are  men  far  above  the  temptation  of  lucre ! 

In  conclusion,  and  in  contrast  to  any  such  idle  dreams,  we  have  the 
facts  before  us  that  all  the  patents  preceding  the  eighteenth  century  were 
secret  invention",  although  an  inventor  had  it  in  his  power  safely  to  com- 
municate as  much  as  be  pleased  to  a  manufacturer;  and  the  consequence 
has  been  that  few  of  those  early  inventions  have  come  down  to  the  know- 
ledge of  the  present  century :  consequently,  manufactures  progressed 
slowly.  When,  later  in  the  eighteenth  century,  patents  came  to  be  fully 
described,  enterprise  and  competition  gradually  sprang  up,  until,  at  the 
present  period  the  number  of  patents  annually  obtained  has  risen  nearly 
30  per  cent,  on  !  !,  of  those  during  the  reign  of  George  HI.  Tlurc- 

forc,   patents  arc   decidedly  an   evidenco  of  commercial,    manufacturing, 
and  scientific  growth  and  prosperity.    A  patent  is  the  inventor's 
anchor — it  is  his  mainstay,  which  toe  more  we  improve  and  strengthen, 
the  more  shall  •  prosperity  of  Great  Britain  and  Ireland.    A 

patented   inve  tion   it  fora  cheaper  article,  or  cheaper  l,r  an  en- 

tirely now  a  i'!  tint  r  i  d  br         I  Xo  patented  invention  in  >i 

any  article  of  manufacture  dearer  than  it  ls"nl  present;  for  II 
rece; .  her  better  nor  cheaper 

than  the  ordinary  mannfac  ■  <■     The  million — the  public  at  large, 

have  no  die  public    interest  IS  indi- 

rect, being  concerned  only  in  the  product  inn&cture. 

interest  of  the  public  is  in  purchase  lace  for  Is.  or  Gd.  which 

had  previot  l  sold  as  high  as  five  guineas  for  equal  quant itie-i;  and 

who.  -t  patent  monopoly  will  have  to  show  that 

science  isindepend  nt of  manufacture  ■   its   encouragement, 

and  that  the  progress  of  manufactures  has  been  trammelled  by  patent 
monopoly  ;  or  that  just  the  same  or  greater  progress  would  have  been  made, 
had  the  world  never  known  such  patentees  as  those  whose  namc3  and  in- 
ventions have  become  almost  as  household  words. 


Xo.  2.- 


dlstinguished  patentees  rndee  the  old  patent  laws  ending 
October,  1852. 
James  Watt 5  Patents,  for  steam-engines,  dating 17G9— 1785 


Joseph  Bramah  18 

Archibald,     Earl     of  ,-. 

Dundonald   il 

Henry  Cort 2 

MarklsambardBrunell  8 
David&  Robert  Mushet  8 
Henry  Pourdrinier ...     3 

John  Heathcoat 24 

William  Palmer 29 

Jacob  Perkins 19 

Richard  Roberts 17 

Andrew  Smith 18 

David  Napier  13 

Charles     Wheatstone    7 

Henry  Bessemer 2  J 

James  Murdock  15 


Locks,  paper,  &c 1778—1814 

Rotatoiy  Engines,  &c 1781 — 1851 

Iron'Manufacture 1783 — 1784 

Circular  Saws,  &c 1799 — 1825 

Iron  Manufacture  1800 — 1845 

Paper  Manufacture    1803 — 1840 

Lace  Manufacture 1808 — 1843 

Candles,  Lamps,  &c 1812 — 1852 

Generating  Steam,  &c 1819—1836 

Steam  Engines,  &c 1822 — 1852 

Wire  Rope,  &c,  &c 1827—1849 

Propelling,  generating  steam,  &c.  1828—1851 

Electric  Telegraphs,  &c 1829 — 1845 

Bronze,  Glass,  Sugar,  Steel,  &c.  1838—1852 
Gas,  Engines,  &c 1839— 1S52 


In  the  course  of  the  discussion  which  followed  the  reading  of  my  paper 
at  the  Norwich  meeting,  Professor  Leone  Levi  produced  a  paper  written  by 
Mr.  Bell  Galloway  on  the  cognate  subject  of  Inventors  and  Inventions. 
The  substance  of  the  paper  was  a  proposal  that  the  amount  now  in  the 
hands  of  the  Patent  Law  Commissioners,  arising  out  of  the  fees  charged 
for  patents,  should  be  used  as  a  fund  for  the  reward  of  inventors  of  useful 
inventions.  Mr.  Galloway  estimated  that  there  was  about  a  million  of 
money  in  the  hands  of  the  Patent  Law  Commissioners,  the  accumulation 
from  year  to  year  of  the  fees  paid  by  inventors. 

Mr.  Bramwell,  C.E.,  said  he  wished  to  say  a  great  many  words  upon  this 
subject,  but  he  knew  that  as  this  was  the  last  meeting  of  the  Section  it 
was  the  duty  of  those  who  spoke  to  be  as  brief  as  possible.  Otherwise  the 
magnitude  of  the  subject  deserved  serious  consideration,  for  he  firmly  be- 
lieved that  there  was  none  that  could  be  brought  before  the  Statistical 
Section  that  went  more  immediately  to  the  progress  of  the  country  in 
manufacture  and  arts  than  the  question  of  the  patent  laws.  They  had  had 
the  advantage  of  hearing  on  this  occasion  a  paper  read  by  a  gentleman  who 
was  thoroughly  conversant  with  the  subject.  Such  papers  were  not  always 
written  by  those  who  were  conversant  with  the  subject,  but  by  literary 
men  who  expected  to  be  able  to  understand  mechanics  from  seeing  a  piece 
of  machinery  in  action.  These  gentlemen  assumed  that  manufacturers  are 
eager  to  take  up  improvements.  But  he  knew  as  a  fact  that  manufacturers 
were  very  averse  from  taking  up  an  improvement,  for  two  very  obvious 
reasons — one  being  a  sort  of  offence  that  you  feel  at  having  a  man  coming 
and  telling  you  that  he  knew  your  business  better  than  yourself.  Another 
reason  was  a  question  of  pocket.  A  manufacturer  has  got  a  sum  of  money 
embarked  in  machinery  to  carry  on  the  old  modes,  and  naturally  enough, 
he  is  not  willing  to  throw  off  all  that  aside  as  useless,  and  embark  fresh 
capital  in  the  adoption  of  new  modes  of  manufacture.  Those  who 
watched  the  working  of  the  patent  laws  know  that  the  difficulty  is  not  with 
the  commerce  to  get  the  invention,  but  with  the  inventor  to  get  the  com- 
merce to  use  it.  Unless  by  some  plan  or  another  you  made  it  worth  the 
while  of  the  inventor  to  go  to  the  manufacturers,  and,  to  use  a  common 
saying,  thrust  his  invention  down  their  throats,  he  did  not  hesitate  to  say 
that  you  would  not  get  these  inventions  adopted.  The  secretary  had  read 
the  results  of  a  paper  which  propounded  one  of  these  schemes.  Those  who 
were  adverse  to  patents  owned  that  inventors  should  have  some  rewards, 
and  this  proposition  ot  Mr.  Bell  Galloway  was  one  of  them.  Ho  thought 
the  paper  was  based  on  a  wrong  assumption — the  assumption  that  there 
was  a  million  in  the  hands  of  the  Commissioners.  He  thought  there  was 
nothing  of  the  kind  ;  he  believed  the  annual  surplus  was  something  like 
£30,000  or  £40,000,  and  that  it  was  appropriated  year  by  year  to  the  ordi- 
nary revenue  of  the  country.  Then  it  was  said  the  inventor  might  be 
rewarded  in  this  obvious  manner — let  him  become  the  manufacturer  of  the 
thing  that  he  has  invented!  and  as  he  would  know  best  how  to  carry  out 
his  invention,  surely  he  would  have  the  preference  over  every  other  manu- 
faci  liter,  and  that  preference  would  bo  sufficient  to  reward  him.  lie  could 
lp  thinking  that,  those  who  put  that  view  forward  were  really  not 
tinted  with  the  working  of  inventions.  If  a  man  who  manufactured 
carpets  improved  the  manufacture  of  carpets,  it  might  bo  that  he  could 
reward    himself  by  pushing  ion.     But  the  large  substantive  in- 

ns were  made  by  persons  not  in  the  manufacture,  but  out  side  I  he- 
particular  manufacture.  For  this  very  obvious  reason:  if  a  man  was 
apprenticed  to  a  particular  calling,  he  was  brought  up  with  certain  views 
and  ill  makes  inventions  for  improvements  in  detail;  ho  does  not 

look  at  the  matter  from  a  totally  new  point  of  view,  and  thereby  mil 
substantive  invention.  Take  Watt  as  an  instance.  Watt  was  not  a  steam* 
l  maker:  ho  was  a  maker  of  mathematical  instruments.  Bessemer 
was  not  a  metallurgist ;  1<  was  a  maker  of  bronze  powder.  Take  Brownj 
the  inventor  of  ih  •  flab-joint — he  was  not  an  engineer;  he  was  a  railway- 
carriage  builder.  Then,  supposing  a  man  had  made  an  invention  in  a  sub- 
stantive manner,  how  was  ho  to  carry  itout  ?     He  had  no  trade  0  nnexlon, 
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perhaps  he  had  not  the  ability  to  command  workmen,  perhaps  he  had  got 
no  capital.  And  yet  they  were  told  the  way  that  man  was  to  reward  him- 
self was  to  go  and  manufacture  the  thing  he  had  invented.  There  were 
many  cases  in  which  the  thing  did  not  admit  of  any  special  manufacture. 
Take  the  case  of  the  fish-joint.  It  consisted  of  two  pieces  of  iron  bolted  to 
the  end  of  the  rail  which  you  wished  to  join.  Those  two  pieces  of  iron 
could  be  made  by  any  manufacturer  of  iron.  In  what  way  could  the  in- 
ventor of  the  fish-joint  reward  himself  by  making  fish-joints  ?  He  was  a 
man  living  in  London,  and  he  would  be  beaten  by  any  ironmaster  in  Wales. 
Again,  taking  Siemens'  furnace ;  that  could  be  made  by  any  common  brick- 
layer from  drawings.  Was  Mr.  Siemens  to  turn  bricklayer  ?  and  how  was 
he  to  compete  with  bricklayers  who  had  been  brought  up  to  the  trade  from 
their  boyhood  ?  Then  it  was  said  there  ought  to  be  a  species  of  Govern- 
ment reward.  Could  anyone  imagine  anything  more  prolific  of  jobs  than 
a  Government  reward  for  inventions  ?  The  persons  who  had  to  adjudge 
those  rewards  would  be  the  best-abused  people  in  the  world,  and  probably 
in  sheer  despair  they  would  go  wrong.  Then  there  was  the  secret  manu- 
facture, upon  which  the  writer  of  the  paper  so  ably  touched.  Now, 
Cromptou  was  the  inventor  of  the  spinning  mule,  a  great  improvement  in 
making  yarn.  He  took  out  no  patent,  he  worked  in  his  own  building,  in 
the  Hall  in  the  Woods,  as  it  was  called;  and  there  in  secret  he  made  his 
yarn.  He  brought  it  to  market;  it  was  preferred  to  all  other  yarn.  It  was 
gold  in  large  quantities,  as  fast  as  be  could  make  it  with  his  own  hands. 
When  it  was  found  to  be  so  good,  people  were  employed  to  go  up  into  the 
trees  and  look  in  at  the  windows,  to  scale  the  windows  by  ladders.  He 
had  to  board  up  the  windows  and  to  work  by  light  got  througb  a  skylight. 
Then  he  got  his  own  family  to  help  bim,  and  bis  very  children  were  taken 
from  him  by  bribery  by  the  neighbouring  manufacturers.  At  last  the 
manufacturers  agreed,  if  he  would  divulge  his  invention,  to  pay  him  a 
certain  sum.  It  was  on  record  that  only  two  of  those  men  fulfilled  their 
engagement.  He  then  took  a  workmen  when  the  thing  was  public,  but  he 
never  could  keep  a  man.  As  soon  as  a  workman  had  been  with  him  a  few 
months  he  went  to  some  one  else,  and  said  he  had  been  with  Crompton, 
»nd  he  immediately  got  employment  at  better  wages.  In  reality,  Crompton 
then  became  a  schoolmaster  to  teach  his  invention  to  others ;  at  last  he  got 
a  Parliamentary  reward  of  £5,000. 

Mr.  Tomlinson  said  one  of  the  evils  of  the  present  system  was  the  indis- 
criminate manner  in  which  patents  were  granted.  People  obtained 
patents  to  the  number  of  something  like  3,000  a-year,  the  great  part  of 
which  were  mere  obstructions  to  industry,  science,  aud  art.  Anyone  who 
read  the  last  Report  of  the  Commissioners  of  the  Patents  would  be  amazed 
at  the  enormous  amount  of  fraud,  iniquity,  and  vexatious  legal  proceed- 
ings consequent  on  the  indiscriminate  manner  in  which  these  patents  were 
granted.  As  an  instance  in  which  these  patents  were  obtained,  be  would 
mention  the  case  of  a  tailor,  who,  having  received  an  order  to  make  some 
alterations  in  the  caps  of  a  regiment,  at  once  patented  the  altered  cap ;  so 
that  if  the  Government  had  required  similar  caps  for  the  whole  army,  they 
must  have  gone  to  that  tailor  for  the  entire  supply.*  Probably  the  3,000 
persons  who  obtained  patents  every  year,  not  above  six  or  ten  of  them  had 
invented  anything  which  was  of  any  real  value. 
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THE  CONVERSAZIONE. 

The  President,  Mr.  C.  H.  Gregory,  received  the  members  of  the  Institu- 
tion of  Civil  Engineers  and  their  friends  on  the  25th  of  May  at  a  conversa- 
zione, given  by  him  in  the  new  building  in  Great  George-street.  In  spite 
of  the  vastly  increased  accommodation,  the  number  of  visitors  was  so  great 
that  it  was  evident  that  the  new  building  had  not  been  constructed  upon 
too  grand  a  scale.  As  many  of  our  readers  may  not  have  had  an  oppor- 
tunity of  seeing  the  new  house  the  following  particulars  respecting  it  may 
be  of  interest.  The  lecture  room  has  a  clear  area  of  60ft.  by  40ft.,  with  a 
height  of  30ft.  to  the  springing  of  the  dome,  which  affords  the  means  of 
lighting  the  room.  The  arrangements  in  the  room  are  very  complete,  the 
seats  being  very  comfortable,  the  means  of  ingress  and  egress  very  ample, 
the  heating,  ventilation,  and  lighting  remarkably  good,  while  the  taste 
witb  which  the  room  is  decorated,  reflects  great  credit  upon  Mr.  J.  H. 
Wright  the  architect.  Besides  this  noble  room  there  is  the  library,  42ft. 
by  28ft. ;  the  reading  and  writing  room  40ft.  by  28ft.  4£in. ;  the  secretary's 
room  24ft.  by  17ft.,  and  the  clerks  office  17ft.  long  by  16ft.  wide.  The 
warming  apparatus,  for  the  lecture  room,  consists  of  a  fan  3ft.  diameter, 
driven  by  a  small  gas  engine,  and  calculated  to  be  equal  to  supplying 
400,000  cubic  feet  of  air  per  hour,  which  is  equal  to  800  cubic  feet  per  hour 
for  each  person,  when  the  room  is  full. 

*  This  is  obviously  a  mistake.  The  tailor  not  being  the  true  and  original  inventor,  his 
patent  .would  not  be  valid;  besides,  the  (iovernment  is  not  liable  to  pay  for  using  any 
invention  they  choose. — Ed.  Aetizaic. 


The  exhibits  in  the  large  lecture  room  were  so  numerous  that  it  wonld 
be  impossible  to  do  justice  to  all  of  them.  Some  of  the  most  striking  were 
the  models  of  marine  engineering,  consisting  of  representations  of  the  engines 
of  the  Minotaur  and  Northumberland  by  Messrs.  Penn ;  also  a  model  of 
the  engines  of  the  Agincourt  by  Messrs.  Maudslay,  and  models  of  the  engines 
of  the  Lord  Clyde,  and  the  Irish  Mail  Packets,  Leinster  and  ConnaugM 
by  Messrs.  Kavenhill  These  were  all  kept  in  motion  by  means  of  a  shaft 
running  along  the  floor  line,  and  driven  by  the  gas  engine  belonging  to  the 
institution.  Another  model  connected  with  marine  engineering,  consisted 
in  a  very  simple  contrivance,  by  Major  General  Morris  of  the  U.S.  army, 
for  disengaging  ships  boats,  and  which  we  understand  is  already  adopted  in 
the  steamers  belonging  to  the  North  German  Lloyds,  and  is  also  beiDg 
applied  to  various  other  steam  vessels. 

There  was  also  a  very  handsome  model  contributed  by  Admiral  Halsted, 
of  a  dispatch  vessel,  and  a  cutter  and  launch  in  steel ;  also  a  turret  by 
Napier,  and  a  Heathorn  muzzle  pivoting  gun  carriage.  A  very  beautiful 
model  was  contributed  by  Mr.  Rendel,  of  the  gunboat  Staunch,  which  has 
already  been  noticed  in  these  pages.  Since  that  time  she  has  been  con- 
stantly tried  and  has  given  every  satisfaction.  The  12^  ton  gun  with  which 
she  is  fitted  has  also  been  frequently  fired,  and  it  is  the  opinion  of  the  naval 
authorities  that  this  class  of  vessel  would  be  very  efficient  for  coast  and 
harbour  defence.  The  Thames  Iron  Works  Company  contributed  a  model 
of  the  Volage — the  first  of  a  new  class  of  fast  skirmishing  vessels.  She  is 
270ft.  long  and  42ft.  beam  ;  the  engines  are  600  horse  power  nominal,  by 
Messrs.  John  Penn  and  Son,  and  the  armament  consists  of  six  6£  ton  guns 
and  64  pounders  fore  and  aft. 

Mrs.  Vansittart  exhibited  several  models  of  the  Lowe-Vansittart  pro- 
peller, illustrating  the  various  steps  by  means  of  which  the  propeller  has 
arrived  at  its  present  form.  A  model  of  a  new  life  boat  by  Mr.  Whithers 
was  shown,  in  which  cylindrical  air  chambers  are  fitted  in  recesses  in  the 
sides  of  the  boat  to  increase  its  buoyancy.  These  chambers  can  also  be  turned 
outwards,  to  form  outriggers,  when  it  is  required  to  increase  the  stability 
of  the  boat. 

In  railways  and  rolling-stock  there  were  a  great  many  exhibits.  Mr. 
Robert  Pairlie  contributed  a  small  model  of  an  engine  just  built  at  the 
Hatcham  Iron  Works  upon  the  system  he  has  so  strenously  and  persis- 
tently advocated,  and  which  has  just  had  a  very  successful  trial.  Mr. 
Beattie,  the  engineer  to  the  Southwestern  Railway,  sent  two  of  his  patent 
equilibrium  slide  valves,  which  have  seen  a  great  deal  of  service ;  also  some 
well  worn  bearings.  These  posessed  peculiar  interest  as  being  examples  of  suc- 
cessful railway  practice. 

Mr.  William  Austin  exhibited  his  invention  for  a  means  of  communica- 
tion between  the  passengers  and  guards  of  a  railway  train.  This  con- 
sists of  an  ordinary  speaking  tube  extending  through  the  train  with  a 
peculiar  method  of  making  the  couplings,  which  appears  to  be  very  simple 
aud  good. 

Mr.  Price  Williams  contributed  a  beautiful  model  of  bis  improved 
switches  and  continuous  crossings,  which  appear  to  be  embody  some  impor- 
tant improvements  over  the  present  system.  These  switches  are  furnished 
witb  Deas  and  Rapier's  indicators,  which  locks  the  signals  to  danger  while 
the  switch  is  being  moved  and  only  permits  their  motion  when  the  switch 
is  in  position.  Mr.  Rapier  also  exhibited  one  of  his  patent  signal  posts,  which 
is  especially  designed  for  being  seut  abroad.  It  consists  of  three  wrought 
iron  tubes  connected  together  at  intervals  by  triangular  framing,  thus 
forming  a  strong,  simple,  and  light  post  at  a  moderate  cost,  but  the  chief 
advantage  seems  to  consist  in  the  small  bulk  it  occupies  when  packed  for 
shipment.  A  complete  signal  post  on  this  system  70ft.  high  was  shown 
packed  up,  and  it  only  occupied  a  space  of  about  12ft.  long  by  9  or  lOin.  in 
diameter. 

Messrs.  Ransom  exhibited  models  of  their  continuous  railway  crossings,  in 
which  Mr.  Price  Williams'  grooved  rail  is  employed  in  connection  with  a 
casting  which  forms  the  siding.  This  appears  to  be  a  very  simple  and  cheap 
crossing. 

There  were  two  models  illustrating  separate  contrivances  for  working 
with  a  mid-rail  upon  mountainous  lines.  One  was  by  Mr.  Edward  Barnes, 
of  the  Cenis  Railway,  and  the  other  by  Mr.  A.  Alexander,  also  of  Mont 
Cenis  celebrity.  Both  of  these  models  appeared  very  ingenious,  though 
we  fear  the  various  modifications  are  scarcely  in  the  right  direction.  A 
length  of  Mr.  Ashcroft's  compound  rail,  similar  to  that  now  in  use  on  the 
Charing  Cross  line,  was  exhibited.  A  peculiar  fish-joint  was  shown  by  Mr. 
Gregory,  consisting  of  two  plates  fitted  to  each  side  of  the  rail  in  tbe  usual 
manner,  and  bent  round  so  as  to  meet  beneath  the  rail  in  the  centre,  where 
the  plates  are  curved  outwards  and  a  clip  is  slipped  over  them  to  hold  them 
together.  Mr.  Doering  also  exhibited  a  system  of  fastening  rails  by  means 
of  elastic  steel  clips,  keys,  and  trenails,  and  Mr.  Livesey  showed  his  system 
of  wrought-iron  sleepers  for  the  permanent  W3y.  Lea's  system  of  locking 
railway  gates  at  level  crossings  was  exhibited  by  Col.  Hamilton,  by  means 
of  which  the  signals  so  act  upon  the  gates  that  they  cannot  be  opened  un- 
less the  line  is  blocked  by  the  signals  being  placed  at  danger.  Amongst 
other  contrivances  connected  with  railways  may  be  mentioned  Messrs. 
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Thomson  and  Browning's  wrougbt-iron  fencing  for  the  Indian  railways  and 
Messrs.  Muir  and  Mcllwbam's  wrought-iron  coiled  keys  for  railway  fasten- 
ings. Two  designs  for  equilibrium  slide  valves  were  contributed  ;  one 
being  Mr.  Outridge's  patent,  and  the  other  by  Mr.  Church,  whose  exhibit 
had  been  running  for  some  time  on  the  Great  Northern  Railway.  Mr. 
Fidler's  articulated  rolling  stock  was  worth  attention,  as  it  appeared  to 
give  great  flexibility  to  the  train,  though  it  might  possibly  be  objected  that, 
in  the  case  of  a  broken  axle,  the  damage  would  be  more  serious  than  with 
the  present  system.  The  wire-rope  tramway,  by  Mr.  C.  Hodgson,  which 
has  been  found  very  successful  in  transporting  stone  or  ore  over  difficult 
country,  was  well  worthy  of  attention.  This  system  consists  in  stretching 
an  endless  rope  from  post  to  post  placed  at  regular  intervals  across  the 
country  to  be  traversed.  This  rope  runs  on  wheels  fixed  to  the  posts,  and 
is  driven  by  means  of  a  Fowler's  clip  drum  ;  buckets  carrying  the  material 
being  hung  upon  the  rope  at  certain  distances  apart,  affording  the  means 
of  conveyance.  There  were  many  ingenious  contrivances  for  removing  and 
replacing  the  buckets  without  stopping  the  rope,  also  for  shunting  at  each 
end.  Altogether  this  system  promises  to  be  of  great  value  in  rough  countries, 
or  where  the  traffic  is  not  sufficiently  large  to  support  a  railway. 

Various  other  interesting  exhibits  found  a  place  in  the  building,  such  as 
the  beautiful  models  contributed  by  Col.  Clarke,  one  of  which,  the  sliding 
caisson  for  the  entrance  of  the  basin  of  the  navy  yard  at  Haulbowline, 
Cork,  appeared  to  be  remarkably  simple  an  efficient.  In  connection  with 
the  same  subject,  Col.  Clarke  exhibited  a  model  of  a  caisson  for  a  dock  at 
French  Creek,  Malta,  and  also  a  very  fine  large  working  model  of  a  sliding 
caisson  for  Portsmouth  dockyard,  which  is  being  made  by  Messrs.  Easton, 
Amos,  and  Anderson.  The  opening  for  which  this  caisson  is  intended  is 
80ft.  wide  and  38ft.  Gin.  in  depth  below  the  coping ;  the  depth  of  water  at 
high  tide  is  29ft.  9in. ;  the  width  of  the  caisson,  12ft.  ljin.,  and  its  weight 
when  ballasted  is  294  tons. 

Mr.  Bartholomew,  of  Leeds,  contributed  excellent  models  of  a  steam- 
train  for  canals,  and  a  hydraulic  hoist  to  be  used  in  conjunction  with  it. 
The  steam  train  cansists  of  a  series  of  articulations  hinged  together  by 
central  couplings,  so  as  to  form  a  flexible  line.  By  disconnecting  the 
hinges  these  sections,  a9  they  are  brought  under  the  hoist  can  be  lifted  up 
out  of  the  water  and  their  cjntents  discharged. 

Mr.  Baldwin  Latham  exhibited  a  model  of  a  very  ingenious  apparatus 
for  separating  solid  matters  from  sewage,  one-sixth  the  full  size  of  a 
machine  now  being  made  for  Croydon.  It  consists  of  a  large  vertical 
wheel  placed  in  a  chamber,  the  bottom  of  which  is  a  little  below  the  bot- 
tom of  the  sewer,  and  the  axle  of  the  wheel  being  in  the  same  plane  as 
that  of  the  sewer.  Upon  this  wheel  perforated  diaphragms  or  grids  are 
fitted  of  different  degrees  of  fineness,  arranged  in  two  planes  parallel  to 
each  other,  and  filling  up  the  open  spaces  betweon  the  arms  of  the  wheel; 
brushes  rest  against  the  outer  plane  for  the  purpose  of  removing  any  solid 
matter  that  may  adhere.  There  are  also  radial  elevators  which  stretch 
like  spokes  from  the  centre  of  the  wheel  to  these  screens,  and  which  are 
made  the  full  width  of  the  wheel.  The  floors  of  these  elevators  are  made 
of  flat  bars,  hinged  at  both  ends,  so  that  thpy  are  free  to  swing  with  their 
own  weight.  These  hinges  are  so  placed  that  when  the  bars  are  at  the 
lowest  point  of  their  revolution,  the  spaces  are  widest;  these  spaces 
gradually  diminishing  as  the  wheel  revolves,  until  they  form  an  uninter- 
rupted inclined  plane,  when  they  shoot  their  contents  into  a  small  chamber, 
formed  like  an  archimedean  screw  round  the  axis  of  the  wheel,  for  the 
purpose  of  removal.  A  small  tray  is  placed  just  inside  the  rim  of  the 
wheel  at  tho  end  of  each  elevator,  weighted  so  as  to  tilt  when  at  a  suffi- 
cient inclination,  the  water  it  contains  washing  down  the  solid  particles 
that  may  adhere.  The  whole  arrangement  appears  very  complete,  and 
well  calculated  to  perform  the  duty  assigned  to  it. 

Si-vcral  steam  pumps  were  exhibited,  amongst  which  may  be  mentioned 
the  "  Paragon "  pump  by  Messrs.  Kittoe  and  Brotherhood ;  a  nicely 
arranged  pump  by  Mr.  Tijou  and  one  of  Messrs.  Tangye's  '•  special  " 
pumps.  The  last  named  firm  had  also  models  of  various  useful  "  notions  " 
such  as  hydraulic  jacks,  ramps  for  replacing  carriages  which  have  got  off 
the  line,  duplex  lever  punches,  &c.  An  excellent  working  model  of  an 
American  steam  pump  was  also  exhibited  by  Messrs.  Hayward,  Tyler  and 
Co.,  the  manufacturers. 

Messrs.  J.  and  II.  (iwynnc  of  tho  Hammersmith  Ironwork",  contributed 
one  of  their  well-known  centrifugal  pumps;  although  it  was  the  smallest 
size  made  by  them,  the  cylinder  being  only  3£in.  in  diameter,  and  3Jin. 
8troke.it  is  said  to  be  capable  of  discharging  from  80  to  LOO  gallon!  per 
minute  to  a  height  of  80ft.  In  order  to  accomplish  this  amount  of  work 
it  is  driven  at  the  rate  of  850  strokes  per  minute,  a  rate  of  speed  that 
nothing  but  the  highest  excellence  in  workmanship,  such  as  was  shown  in 
the  present  case,  would  stand  for  any  length  of  time.  Tho  samo  firm  also 
contributed  a  pretty  little  working  model  of  their  patent  centrifugal  pump 
which  has  already  been  noticed  in  the  Autizan. 

A  remarkably  ingenious  instrument  called  the  Automaton  Alcoholo- 
meter was  sent  by  Mr.  Robert  Sabine.  The  object  of  this  apparatus 
is    that   of  measuring    spirit   for  the  puq>ose   of  taxation  an   it  leaves 


the  still,  much  in  the  same  way  as  a  gas-meter  measures  gas  as 
it  enters  our  houses.  The  invention  of  this  highly  ingenious 
apparatus  is  due  to  Dr.  Siemens,  the  celebrated  physicist,  of  Berlin ;  and 
the  way  in  which  the  details  of  design  and  construction  have  been  carried 
out  is  very  beautiful  and  perfect.  As  the  spirit — no  matter  of  what 
strength — leaves  the  still,  it  pa=ses  into  a  cylindrical  vessel,  and  from  this, 
through  a  drum — something  like  that  of  an  ordinary  gas-meter — into  the 
cask  'which  is  to  contain  it.  On  its  way  through  the  apparatus  it  is 
measured,  gauged,  and  registered  with  the  greatest  possible  exactness. 
Fiist,  its  bulk  or  volume  is  measured  and  indicated,  in  gallons  and  decimal 
parts ;  and  secondly,  the  quantity  of  either  absolute  alcohol  or  of  proof 
spirit  which  it  contains  is  measured  and  indicated  independently.  The 
measurement  said  registration  of  the  total  bulk  or  quantity  of  spirit  which 
passes  over  is  obviously  done  directly  by  the  rotation  of  the  drum,  each  of 
the  three  divisions  of  which  holds  exactly  five  gallons.  The  indication  of 
the  strength  of  the  spirit  is  done  by  a  swimmer  in  the  cylindrical  vessel  in- 
to which  the  alcohol  first  enters  as  it  leaves  the  still.  This  swimmer  is 
attached  to  a  pointer,  which,  in  being  elevated  and  depressed  by  the  lower- 
ing or  rising  of  the  swimmer,  according  to  the  varying  specific  gravity  of 
the  liquid,  limits  the  reciprocating  movements  of  a  graduated  tongue  in 
connection  with  the  counter  work.  Thus,  not  only  do  the  distiller  and  the 
exciseman  know  at  a  glance  how  much  spirit,  in  total,  has  been  distilled 
within  a  given  time,  but  likewise  how  much  proof  spirit  it  is  equivalent 
to. 

Apparatus  of  this  kind  are  about  to  be  introduced  into  practice  in  many 
of  the  continental  states.  The  obvious  advantage  which  follows  its  use  is 
that,  as  the  machine  indicates  authentically,  the  excise  official  has  nothing 
to  do  but  to  read  off  and  write  down  occasionally  its  indications,  thus 
saving  all  gauging,  weighing,  and  calculating.  It  is  estimated  that  twenty 
excisemen  could — were  this  apparatus  in  general  use — do  more  work,  and 
do  it  more  efficiently,  than  a  hundred  of  them  with  the  present  system. 

Messrs.  Bryan,  Donkin,  &  Co.,  exhibited  an  apparatus  designed  by  Mr. 
Farcy  and  Mr.  Donkin,  jun.,  for  measuring  and  registeringtbe  temperature  and 
quantity  of  water  passing  from  the  hot  well  of  an  engine.  By  this  means 
the  amount  of  heat  discharged  per  indicated  horse-power  may  be  ascer- 
tained and  the  performance  of  the  engine  judged  therefrom. 

A  large  number  of  philosophical  and  electrical  apparatus  were  exhibited, 
amongst  which  may  be  noticed  Capt.  Albini's  self-registering  compass,  by 
Messrs.  Elliot  Brothers,  an  ingenious  arrangement  for  keeping  a  con- 
tinuous record  of  the  course  steered  by  the  ship.  Messrs.  Beck  contributed 
examples  of  their  barograph,  thermograph  and  anemograph  as  adopted  by 
the  Meteorological  Department.  The  latter  instrument  does  not  appear 
to  be  new  ;  in  the  case  of  the  barograph  and  thermograph,  however,  the 
registration  is  performed  by  means  of  photography,  the  paper  on  the  re- 
volving drum  being  sensitized  and  a  pencil  of  light  passing  through  a  slit 
being  used  instead  of  a  material  pencil,  as  in  the  case  of  the  anemograph, 
Mr.  E.  T.  Loseby,  of  Leicester,  exhibited  a  Maury  barometer,  which  ap- 
peared very  similar  to  the  Aneroid,  but  is  said  to  be  more  delicate.  Mr.  F. 
W.  Reynolds  exhibited  his  "Palinurus,"  a  description  of  which  was  lately 
given  in  The  Autizan.  Mr.  W.  Hurst,  jun.,  exhibited  a  very  ingenious 
clock  to  be  regulated  by  electricity,  and  which  was  constructed  by  Mr. 
Harrison.  His  clock  is  maintained  by  a  spring,  and  iias  a  second  train  of 
wheelwork  by  which  the  hands — both  hours,  minute,  and  second  hands — 
are,  upon  the  release  of  a  detent  by  means  of  an  electro-magnet,  set  to  the 
exact  hour  next  preceding  or  following  the  time  indicated  by  tho  hands,  at 
the  moment  the  current  passes.  Thus  a  periodical  current  from  some  well- 
regulated  clock  needs  only  to  be  given  at  any  full  hour,  in  order  to  keep 
any  number  of  Harrison's  clocks  perfectly  right.  The  advantage  of  this 
method  is  that  the  movements  of  the  clock  being  entirely  independent  of 
the  electric  current,  should  the  latter  be  interrupted  the  clock  goes  on  all 
the  same,  only  accumulating  whatever  error  may  be  due  to  its  rate.  The 
electric  fire-alarm  shown  by  Mr.  Sax  is  ingenious;  an  india-rubber  bag, 
filled  with  air,  is  so  placed  that  when  heated  by  the  lire  the  air  expands, 
and  forces  a  metallie  lever  against  a  contact  point  which  closes  the  circuit 
of  an  electric  bill. 

A  great  number  of  other  interesting  objects  were  exhibited,  but  want  of 
space  prevents  us  from  noticing  them  at  presont.  A  description  of  some 
of  these,  however,  we  hope  to  give  in  a  future  number  of  The  Autizan. 


INSTITUTION   OF  ENGINEEES   IN   SCOTLAND. 


ON  BOUSSAUD  AND  BARIQUAND'S  MODKRATEUK  1'ARABOLIQUE 
AND  Morton's  QOTUBNOB. 
By  Mr.  James  R.  Napier,  K.R.s. 

It  is  well  known  that  the  conical  pendulum  or  ball  governor,  so  long  uiod  in 
oonneotion  with  steam  engines,  increases  its  angular  >.■!■■■  i « % .  oi  the  engine  it< 

self  has  less  work    to  parform  ;  while  the    object   of  the  governor  is   to  compel 

the  engine  to  go  at  an  uniform  speed,  at  whatever  rate  the  load  on  thoongme 
may  be  increased  or  diminished.       Many  attempts  have  been  made  to  produco 
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this  isochronous  motion,  out  few  governors  involving  this  principle  have  come 
into  general  use.  Sir  William  Thomson  having  called  attention  to  the  subject, 
the  writer  has  noticed  a  short  paper  in  a  work  recently  presented  to  our 
Institution  by  our  French  friends  the  Societe  des  Anciens  Eleves  des  Ecoles 
Impenales  d'  Arts  et  Metiers,  describing  a  very  simple  isochronous  governor 
by  Boussard  and  Bariquand ;  and  since  then  he  has  seen  a  still  simpler  form  on 
the  same  principle,  by  Mr.  Morton,  of  Ejector-Condenser  notoriety. 

Mr.  Morton  makes  the  balls  travel  in  a  parabolic  arc,  and  as  the  resultant  of 
gravity  and  centrifugal  force  on  them  is  a  normal  to  the  curve,  the  subnormal  of 
which  is  constant,  it  follows  that  the  angular  velocity  would  be  uniform,  if  fric- 
tion did  not  interfere. 

The  balls  themselves  are  each  two  half  balls  (see  accompanying  engraving  fig  1) 
which  roll  on  a  parabolic  rail — the  axle  between  the  half  balls  passing  through  a 
horizontal  slot  in  a  frame  connected  with  the  valve  rod,  dispenses  with  the  ball  rod 
and  hinge — nothing  could  be  more  simple.  In  Boussard  and  Bariquand's  system, 
Fig.  2,  the  balls,  besides  being  fixed  to  arms  and  hinged  as  in  ordinary  governors, 
have  each  an  axle  through  their  centre,  on  which  are  a  pair  of  little  wheels  which 
carry  the  balls  up  or  down  a  pair  of  parabolic  rails  like  a  carriage  on  a  railway 
— the  frame  to  which  the  arms  are  hinged  sliding  up  or  down  on  the  axis  and  in 
connection  with  the  valve  rod. 


Let  S  =  the  space  in  feet  between  the  plane  of  revolution  and  that  point  in 
the  parabola  intersected  b}r  the  axis — then ;  v=  V  S  x  64.33,  v  being  the  velocity 
,in  feet  per  second  when  the  force  of  gravity  equals  that  of  the  centrifugal  force. 
When  the  balls  are  revolving  in  the  lesser  circumference,  GLD,  the  space  S  is 
2iin.,  or  0-2083ft.,  and  when  they  revolve  in  the  larger  circumference  the  space 
S  is  lOin.  or  0'832ft.    Therefore 


=  V  0-2083   x  64-33. 


and  

7-32  =  V  0-832  x  64-33. 

The  lesser  circumference,  GLD,  is  2'618ft,  and  the  greater  circumference,. 
H  M  E,  is  5-236ft.     Consequently 


3-66 

2-618 
7-32 

5-236 


■■  1-399 


■  =  1.399 


1*399  x  60  seconds  =  83'9  revolutions  per  minute. 


Fic:2. 


M.  Boussard  says  of  their  "  Moderateur  Parabolique" — "  During  a  period  of 
five  months,  we  ha-ve  experimented  on  a  governor  of  this  kind  on  a  horizontal 
engine  of  10  horse,  and  tbe  results  at  which  we  have  arrived  are  exceedingly  re- 
markable. The  number  of  turns  of  the  machine  has  always  been  60^  per  minute, 
notwithstanding  the  sudden  variations  of  5  to  10  horse  in  the  work  transmitted. 
The  machine  was  calculated  for  working  at  60  turns  ;  this  difference  ought  only 
to  be  attributed  to  a  slight  want  of  weight  in  the  balls.  We  think  that  till 
now  no  regulator  has  approached  so  near  to  perfect  regularity. 

The  writer  has  no  doubt  that  Mr.  Morton  can  give  as  favourable  a  report  of 
those  he  has  fitted  up. 

Mr.  Alexander  Morton  in  explanation  said,  the  paper  just  read  comparing  the 
governor  of  M.  Boussard  and  Bariquand  with  that  designed  by  him,  originated 
through  a  visit  Mr.  J.  K.  Napier  made  to  the  works  of  Messrs.  Neilson  Brothers 
for  the  purpose  of  experimenting  on  the  "  Ejector-Condenser."  During  the  visit 
he  noticed  some  of  these  little  governors  which  were  designed  more  for  economy 
in  first  cost  than  any  perfection  in  their  application,  but  as  he  was  just  on  the 
eve  of  going  abroad  the  subject  did  not  receive  so  much  of  his  attention  as  he 
could  have  wished,  hence,  the  brevity  of  his  paper ;  however,  he  wrote  from  Liver- 
pool requesting  that  some  experiments  should  be  made  prior  to  the  reading  of 
his  paper,  as  he  was  confident  that  the  results  would  be  deserving  of  discussion, 
and  that  the  principle  was  mathematically  correct.  In  the  experiments  which 
the  writer  has  made  with  the  governor,  Pig.  1,  the  weight  of  the  sliding  collar 
with  its  cross  slides  was  accurately  balanced  by  the  weight  attached  to  an  over- 
head lever  of  equal  lengths,  so  that  the  balls  were  free  to  rise  so  soon  as  the 
centrifugal  force  overcame  that  of  gravity  in  them,  and  when  at  a  constant  speed 
of  84  revolutions  per  minute,  and  with  the  slightest  touch  of  any  of  the  connec- 
tions with  the  sliding  collar,  so  as  to  change  the  position  of  the  balls  on  the 
parabolic  curve,  they  would  remain  (floating  as  it  were),  until  the  number  of 
revolutions  varied,  and  two  revolutions,  more,  or  less,  caused  the  balls  to  rise, 
or  fall  (all  at  once)  through  the  limits  of  their  range.  This  governor  was  not 
constructed  with  the  nicety  of  workmanship  such  experiments  would  deserve, 
and  as  the  friction  could  be  considerably  reduced  by  introducing  small  rollers  in 
the  cross  slides,  having  the  axis  of  the  halls  for  theis  centres,  and  the  weight 
of  the  balls  increased,  better  results  may  be  hoped  for.  Calculations  made  in 
accordance  with  the  parabola  shown  in  Eig.  3,  are  here  annexed. 


LONDON  ASSOCIATION  OP  FOREMEN  ENGINEERS. 

A  well  attended  meeting  of  this  rapidly  growing  institution  took  place  on 
Saturday  the  5th  ult.,  at  the  City  Terminus  Hotel.  The  chair  was  filled  by  the 
president,  Mr.  J.  Newton,  of  the  Royal  Mint,  and  the  vice-chair  by  Mr.  John 
Ives.  As  usual,  the  election  of  new  associates,  honorary  and  ordinary,  preceded 
the  immediate  business  of  the  sitting.  Mr.  Fergus  Jordan,  of  Messrs. 
McGlashan's,  Victoria  Works,  Drury-lane ;  Mr.  Samuel  Goddard,  of  Woolwich 
Arsenal;  Mr.  John  Hooden,  also  of  Woolwich  Arsenal;  and  Mr.  Welch,  of 
Messrs.  Ravenhill  and  Co.'s,  as  ordinary  members,  and  Mr.  N.  H.  Allan,°of 
Messrs.  Gwynne's,  and  Mr.  W.  Whieldon,  of  the  firm  of  Whieldon,  Lecky, 
and  Lucas,  as  honorary  associates  were  unanimously  elected. 

Mr.  David  Walker  then  proceeded  to  read  a  paper  on  the  "  Simplification  of 
the  Patent  Laws."  After  defining  what  patent  rights  really  mean,  the  author 
traced  at  considerable  length  and  with  great  luciditj',  the  history  of  the  patent 
system  from  the  time  of  Queen  Elizabeth  to  the  present  hour.  He  combated 
the  views  of  Mr.  Macfie,  Sir  Roundell  Palmer,  Lord  Stanley  and  others  who 
took  part  in  a  recent  debate  on  the  abolition  of  the  patent  laws  in  tbe  House 
of  Commons,  and  declared  himself  in  favour  of  a  sweeping  amendment  of  the 
patent  system,  but  quite  opposed  to  abolition.  Mr.  Walker  considered  the 
principal  evils  of  the  present  law  of  patents  to  consist  in — (1)  The  exorbitant 
cost  of  a  patent ;  (2)  the  imperfect  security  it  afforded  to  an  inventor  ;  (3)  the 
litigation  which  its  maintenance  entailed  ;  and  (4)  the  cumbersome  and  vexatious 
nature  of  the  legal  machinery  for  settling  disputed  questions  affecting  patent 
rights.  The  first  demand  he  would  make  was,  that  the  original  cost  of  a  pa- 
tent should  be  reduced  to  a  sum  not  exceeding  what  was  absolutely  necessary 
to  cover  legitimate  expenses.  In  the  next  place,  there  should  be  appointed  a 
competent  body  of  skilled  men,  whose  characters  were  above  reproach,  and  who 
should  be  empowered  to  judge  of  the  merits  or  defects  of  an  invention,  and 
decide  as  to  whether  it  was  a  proper  subject  for  a  patent  or  otherwise.  He 
would  also  recommend  that  a  special  tribunal  should  be  established  for  deciding 
disputed  questions  of  patent  right.  Common  juries,  as  a  rule,  were  quite  in- 
adequate to  this  task.  Finally,  he  would  ask  that,  as  the  rights  of  authors  and 
inventors  were  absolutely  analogous,  so  the  laws  relating  to  invention  should 
be  assimilated  as  closely  as  possible  to  those  of  copyright.     These  points,  the 
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reader  of  the  paper  maintained,  were  of  vital  importance,  and  when  they  were 
gained  the  simplification  of  the  British  patent  law  would  be  an  accomplished 
fact.  The  foregoing  constitutes  the  barest  possible  summary  of  Mr.  Walker's 
elaborate,  and,  it  may  be  allowed,  eloquent  contribution,  to  the  proceedings. 
It  was  followed  by  a  very  spirited  discussion,  shared  in  by  Messrs.  Humes, 
Thorburn,  Irvine,  Bragg,  Muir,  Shotton,  Ives,  Vinicombe,  and  others,  the  feel- 
ing expressed  by  all  being  favourable  to  the  reformation,  rather  than  the 
destruction  of  the  patent  system.  In  fact,  it  was  manifest  that  the  meeting 
was  unanimously  of  this  way  of  thinking.  In  putting  the  usual  vote  of  thanks 
as  a  compliment  to  the  author  of  the  paper,  Mr.  Newton  took  occasion  to  say 
that  he  hoped  another  Boyal  Commission  would  ere  long  be  nominated  to 
examine  into  the  whole  subject  of  patents  at  home  and  abroad.  By  comparing 
the  various  systems  at  work  throughout  Europe — and  notably  in  the  United 
States  of  America — with  that  in  force  in  this  country,  data  might  be  obtained 
which  would  be  of  service  to  the  Legislature  in  amending  our  own  admittedly 
defective  patent  laws.  For  himself,  he  was  exceedingly  glad  that  the  question 
had  been  ventilated  at  a  meeting  such  as  theirs,  because  every  member  was  a 
practical  man,  and  most  of  them  had  actual  experience  of  the  evils  they  deprecated. 
Certainly  opinions  thus  formed  were  worthy  of  consideration,  and  they  had 
been  expressed  in  such  a  manner  as  would  show  that  the  interests  of  all  classes 
of  the  mechanical  trades,  and  not  of  any  one  in  particular,  were  recognized  by 
the  Associated  Foremen  Engineers.  The  vote  was  then  passed  by  acclamation, 
and  the  sitting  terminated. 


ROYAL   INSTITUTION  OF   GREAT   BRITAIN. 

ON  SOME  FURTHER  RESULTS  OF  SPECTRUM  ANALYSIS  AS  APPLIED 
TO  THE  HEAVENLY  BODIES. 

By  Williasi  Htjggins,  Esq.,  F.R.S. 

The  speaker  commenced  by  saying  that  four  years  ago  he  had  the  honour  to 
give  in  the  theatre  of  the  Royal  Institution  an  account  of  the  results  of  an 
attempt  to  apply  the  method  of  analysis  by  the  prism,  for  which  science  is  in- 
debted to  Kirchhoff,  to  the  light  of  the  heavenly  bodies.  It  was  the  speaker's 
purpose  to  describe,  on  the  present  occasion,  some  of  the  results  which  had  been 
obtained  in  his  observatory  since  the  spring  of  1865.  The  peculiar  suitability 
of  spectrum  analysis  as  a  mode  of  investigation  of  the  bright  objects  in  the 
heavens  had  been  confirmed,  not  only  by  the  gain  of  further  information  of  the 
chemical  and  physical  constitution  of  some  of  these  immensely  distant  bodies, 
but  also  by  knowledge  of  another  kind  which  this  elegant  and  searching  method 
of  analysis  had  revealed  to  us.  The  speaker  then  described  the  three  typical 
forms  under  which  all  spectra  may  be  classed,  and  the  interpretation  which  our 
present  knowledge  enables  us  to  give  of  these  different  spectra  when  the  light  is 
emitted  by  bodies  rendered  luminous  by  heat,  The  spectra  of  fluorescent  and 
phosphorescent  bodies  were  not  to  be  described. 

1.  A  continuous  spectrum  without  dark  or  bright  lines  shows,  as  a  general  rule, 
that  the  luminous  source  is  in  the  solid  or  liquid  state.  In  certain  exceptional 
cases,  however,  a  gas  may  give  a  spectrum  which  is  apparently  continuous.  Dr. 
Balfour  Stewart  pointed  out  that  as  gases  and  vapours  possess  a  power  of  general 
absorption,  in  addition  to  the  selective  absorption  peculiar  to  each  gas,  a  gas 
when  luminous  would  emit  light  of  all  rcfraugibilitics,  producing  a  continuous 
spectrum,  would  be  in  proportion  to  the  opacity  of  the  gas.  The  researches  of 
Fliicker  and  Frankland  have  shown  that  under  certain  conditions  of  density 
and  temperature,  the  bright  lines  of  hydrogen  expand  so  as  to  produce  a  spec- 
trum which  is  apparently  continuous.  2.  A  spectrum  of  bright  lines  indicates 
that  tlio  luminous  body  is  in  the  state  of  gas.  Each  gas  and  vapour  has  its 
own  set  of  lines.  The  lines  may  he  greatly  modified,  or  even  altogether  changed, 
under  different  conditions  of  temperature  and  density,  as  is  well  known  in  the 
case  of  nitrogen,  the  vapour  of  sulphur,  and  some  other  substances ;  but  through- 
out all  these  changes  each  gas  behaves  in  a  way  peculiar  to  itself.  There  appears 
to  be  one  exception  to  the  statement  that  a  spectrum  of  bright  lines  is  peculiar 
to  luminous  gas.  Bunsen  found  that  when  solid  erbia  is  heated  to  incandescence, 
the  continuous  spectrum  contains  bright  bands.  3.  A  continuous  spectrum  in- 
terrupted by  dark  lines  informs  us  that  the  light  has  passed  through  vapours  at 
a  lower  temperature  than  the  source  of  light.  As  the  kinds  of  light  absorbed 
by  each  vapour  correspond  precisely  with  the  sot  of  bright  lines  which  that 
vapour  emits  when  in  the  luminous  state,  it  is  possible  to  learn  if  tho  vapours 
are  thoso  of  any  of  the  substances  with  which  we  aro  acquainted. 

The  speaker  said  that  following  tho  arrangement  adopted  in  tho  former  dis- 
course, the  most  important  recent  information  obtained  of  tho  fixed  stars  results 
from  the  application  of  prismatic  analysis  in  a  now  direction.  Undor  cerium 
conditions  t lie;  spectrum  of  a  luminous  body  is  adapted  to  tell  us  whether  ih.it 
body  is  moving  towards  or  from  tho  earth.  The  importance  of  information  on 
tin-,  point  will  be  seen  from  tho  consideration  th.it.  tin:  proper  motions  of  tho 
stars  represent  that  part  only  of  their  whole  motion  which  is  tranaVBfN  to  th( 
lino  of  sight ;  for  any  motion  they  might  have  in  tho  visual  direction,  towards  or 
from  the  earth,  would  not  cause  any  visible  displacement  of  the  slur,  end  o  mid 
not  therefore  bo  ascertained  by  the  ordinary  methods  of  observation,  As  it  is 
upon  tho  length  of  the  waves,  or  upon   the  number  contained  ill   the  series  that 

enters  tho  eye,  or  falls  upon  the  pnim  in  a  seoond,  that  i  judgment  is  formed 
of  the  oolonr  of  the  light,  or  its  place  in  the  spectrum  i*  determined,  il  i 

that    any  eircum-taiiee  which  would  alter  I  he   lengths  of  the  waves  rel  tlively   to 

the    ;  in  other  words,  cause  a  large  number  of  waves  to  enter  thoeyo 

in  a  second  of  timo,  would  cause  a  ohange  in  the  colour  or  refrangibility  of  the 
light  so  far  as  the  observer  is  concerned.  It  is  obvious  that  it  tho  observer 
advances  to  meet  tho  light,  a  longer  series  of  waves  falls  upon  tho  retina  in  1 
second  of  time,  each  wave  appears  shorter,  and  he  ascribes  to  the  light  n  higher 


refrangibility  than  he  would  do  if  he  were  not  advancing  to  meet  the  light.  If 
he  were  receding  from  the  star  an  alteration  of  refrangibility  in  the  opposite 
direction  would  take  place.  The  same  effect  would  ensue,  if  the  luminous 
source  were  in  motion.  Thus  to  a  swimmer  striking  out  from  the  shore,  each 
wave  appears  shorter,  and  he  passes  a  greater  number  of  them  in  a  given  interval 
in  proportion  to  his  speed  through  the  water.  Illustrations  were  given  of  this 
principle,  which  was  first  suggested  in  1841  by  Doppler,  by  means  of  an 
analogous  change  of  pitch  in  sound.  Two  tuning-forks  sounding  in  unison  were 
moved  rapidly  towards  and  from  the  audience,  when  beats  were  heard,  which 
told  of  a  difference  of  pitch  produced  by  the  opposite  motions  of  the  forks.  As 
there  exists  beyond  the  visible  spectrum,  at  both  ends,  a  store  of  invisible  waves, 
these  would  be  advanced  or  degraded  in  visibility,  in  proportion  as  the  colours 
of  the  spectrum  were  altered,  and  no  change  of  colour  would  be  perceived.  It 
is  therefore  essential  before  we  can  apply  this  method  to  detect  the  radial  motion 
of  the  stars,  that  we  know  the  original  refrangibility  of  some  part  of  the  light 
at  the  moment  it  left  the  star,  and  also  that  we  are  able  to  recognize  this 
particular  part  of  the  light  again  in  the  spectrum  of  the  star's  light.  When  by 
means  of  a  group  of  dark  or  bright  lines  we  learn  the  presence  of  a  terrestial 
substance  in  the  star,  both  these  conditions  are  fulfilled.  Of  all  the  stars  which 
the  speaker  had  compared  with  terrestial  elements,  when  working  with  his  dis- 
tinguished friend  Dr.  W.  A.  Miller,  Treas.  R.S.,  Sirius,  which  contains  four 
very  strong  lines  which  are  due  to  hydrogen,  appeared  the  most  suitable  for  this 
investigation.  The  apparatus  employed,  and  the  special  precautions  which  were 
taken  to  ensure  the  perfect  coincidence  in  his  instrument  of  the  stellar  lines 
with  those  of  the  substance  compared  with  it,  were  described  b}'  the  speaker, 
who  stated  that  after  a  prolonged  comparison,  extending  over  many  weeks,  of 
the  line  of  hydrogen  in  Sirius  in  the  green,  at  the  place  of  F  in  the  solar 
spectrum,  with  the  line  of  terrestial  hydrogen,  he  found  that  the  line  in  the 
star  had  undergone  a  shift  in  the  spectrum  equal  to  a  difference  of  wave  length, 
which  would  correspond  to  a  motion  of  recession  between  the  star  and  the  earth 
of  41  miles  per  second.  The  speaker  had  obtained  evidence  from  experiment 
that  this  shift  was  not  due  to  uusymmetrical  expansion  of  the  line  in  hydrogen 
as  the  density  is  increased.  The  greater  width  of  this  line  in  Sirius  than  in 
the  solar  spectrum  would  show  that  the  hydrogen  in  Sirius,  though  at  a  pres- 
sure considerably  less  than  that  of  our  atmosphere  at  the  surface  of  the  earth, 
is  more  dense  than  the  hydrogen  in  the  solar  atmosphere  by  which  the  dark 
line  F  is  produced.  This  conclusion  is  in  accordance  with  the  presumably 
enormous  mass  of  Sirius,  as  suggested  by  its  great  intrinsic  splendour.  The 
earth  at  the  time  of  observation  was  moving  from  Sirius  at  about  11  miles  per 
second,  which  would  leave  30  miles  as  due  to  the  star.  A  further  connection  is 
required  for  the  solar  motion  in  space,  which  is  believed  to  be  towards  Hercules, 
with  a  velocity  of  4  or  6  miles  per  second.  The  whole  of  this  must  therefore 
be  deducted,  leaving  about  26  miles  as  the  motion  of  Sirius  from  the  earth  in 
the  line  of  sight.  The  true  motion  of  the  star  would  consist  of  this  radial 
motion  compounded  with  the  transverse  motion  of  from  24  to  40  miles  per  second, 
which  is  shown  by  its  proper  motion. 

The  speaker  then  described  a  further  examination  of  the  nebulas  (about  fifty 
have  heeu  successfully  observed)  with  a  more  powerful  spectroscope,  which  con- 
firms his  previous  conclusion  that  these  bodies  consist  mainly  of  the  gases 
nitrogen  and  hydrogen.  He  also  found  that  when  tho  spectra  of  these  gases 
aro  made  faint  by  the  removal  of  the  spark  to  a  distance,  all  the  lines  are  ex- 
tinguished with  the  exception  of  tho  one  lino  in  each  spectrum  which  is  found 
in  the  nebula?.  If  such  an  extinction  takes  place  in  tho  case  of  the  nebula:, 
since  they  are  objects  of  sensible  size,  it  must  be  attributed  to  a  power  of  ex- 
tinction of  light  existing  in  cosmical  space.  Observations  of  four  comets  have 
been  made.  A  large  part  of  the  light  of  these  strange  objects  was  found  to  bo 
peculiar,  and  therefore  emitted  by  the  cometary  matter.  Brorsen's  comet  at  its 
return  in  18G8,  and  a  comet  discovered  by  Winnecke,  gave  a  spectrum  of  three 
bright  bands.  The  spectrum  of  Winnecke's  comet  (comet  II.,  1803)  was  found 
to  he  identical  with  the  spectrum  of  carbon  as  it  appears  when  the  induction 
spark  is  taken  in  defiant  gas,  and  in  some  other  compounds  of  carbon.  The 
spectrum  of  the  comet  was  compared  directly  in  tho  instrument  with  the 
spectrum  of  defiant  gas. 

The  speaker  thou  described  some  observations  of  tho  sun.  Ho  found  that 
while  the  solar  lines  are  for  the  most  part  thickened  when  viewed  in  the  light 
from  the  umbra  of  a  spot,  the  lines  C  and  F,  duo  to  hydrogen  did  not  appear  to 
ho  altered.  This  observation  is  of  interest  in  connection  with  the  constitution 
of  the  solar  prominences  as  shown  by  tho  observations  of  tho  great  eclipse  of 
last  August.  Tho  speaker  nearly  three  years  ago,  at  tho  same  time  that  he  hnd 
independently  made  attempts  to  see  tho  prominences  by  means  of  the  spectro- 
scope, also  tried  the  method  of  using  absorbing  media,  by  which  tho  parts  of 
tho  spectrum  whoro  the  bright  lines  occur  might  remain,  while  all  the  rest  of  tho 
spectrum  was  extinguished.  In  this  v,av  the  taint  prominences  would  be  rendered 
visible,  in  consequenco  of  the  much  neater  relative  diminution  of  the  intensity 
of  the  illuminated  toreen  of  air,  which  on  ordinary  occasions  conceals  them  Irom 
viow.  Recently  he  had  succeeded  in  viewing  the  outline  of  these  objects  hy 
means  of  a  coloured  glass  combined  with  a  spectroscopo  with  a  wile  -lit. 
lie  expected  to  he  able  to  view  those  objects  by  means  of  coloured  media 
alone. 


Till'.  COAST  DEFENCES  OK  ENGLAND. 
By  <'ol.  W.  F.  D.  Jeuvois,  U.K.  &B. 

In  bringing  to  your  notico  the    subject    for  our  •ideration,   I  will   first 

briefly  refer  to  the  ooait  defenoei  of  former  tinea,  and  then  endeavour  to  ex- 
plain the  principles  of  defonco  which  nro  being  adopted  in  this  country  at  the 
pre  enl  'lay. 

In   the  earlier    peri  lo-SnXOn    I 

exposed  to  the  frequent  predatory  incursions  of  the  Northmen  and  the  Dams, 
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who,  starting  from  the  shores  of  Norway  and  Denmark,  sailed  round  the  coasts 
of  England,  ascended  the  navigahle  rivers,  ravaged  and  laid  waste  the  sur- 
rounding  country,  and  then  returned  with  their  hooty  to  their  ships ;  and 
during  the  frequent  wars  waged  by  our  Norman  and  Plantagenet  kings  with  the 
sovereigns  of  France,  the  shores  of  England  were  subject  to  atiacks  by  the 
French,  which  differed  but  little  in  character  from  the  predatory  incursions  of 
the  Northmen.  The  precautions  taken  by  our  ancestors  to  guard  against  such 
attacks  are  thus  described  by  Holinshed  :— "  The  custome  of  the  countries  ad- 
ioining  neere  to  the  sea  is,  especiallie  in  time  of  warre,  on  euerie  hill  or  high 
place  to  erect  a  beacon,  with  a  great  lanterne  on  the  top,  which  may  be  seen 
and  discerned  a  great  space  off,  and  when  the  noise  is  once  bruted  that  the 
enimies  approch  neere  the  land,  they  suddenlie  put  fire  iu  the  lanterne,  and 
make  shouts  and  outcries  from  towne  to  towne  and  from  village  to  village. 
Some  run  in  post  from  place  to  place,  admonishing  the  people  to  be  readie  to 
to  resist  the  jeopardie  and  defend  the  perill.  And  by  this  policie  the  fame  is 
soon  blowne  to  euerie  citie  and  towne,  insomuch  that  as  well  the  citizens  as  the 
rurall  people  be  in  short  space  assembled  and  armed  to  repell  and  put  backe 
the  newly  arrived  enimies." 

But  though  these  precautions  sufficed  to  repel  small  predatory  attacks,  they 
were  incapable  of  resisting  anything  like  a  national  invasion ;  and  the  attacks 
of  our  foreign  enemies  were  generally  successful  whenever  they  were  made  upon 
a  sufficient  scale.  For  instance,  Dover  was  taken  and  partly  burnt  by  the 
French  under  Montmorenci  in  1296 ;  and  in  1339  the  same  nation  took  and 
sacked  Portsmouth  in  retaliation  for  the  English  attack  upon  Boulogne.  In 
the  following  year  the  French  ravaged  all  the  southern  coasts  of  England  dur- 
ing the  absence  of  Edward  III.  in  Flanders,  destroyed  several  ships  at  Hastings, 
reduced  the  greater  part  of  the  town  of  Southampton  to  ashes,  and  burnt  Ply- 
mouth nearly  to  the  ground.  In  1377,  the  French  attacked  the  town  of  Rye 
and  the  Isle  of  Wight,  and  made  great  havoc  at  Hastings,  Portsmouth,  Dart- 
mouth, and  Plymouth ;  and  three  years  later  they  pillaged  Winchelsea,  and 
several  other  towns.  In  1405,  a  large  French  force  was  landed  at  Milford 
Haven,  and  before  the  army  sent  by  our  Henry  IV.  could  reach  the  spot,  the 
French  had  plundered  Carmarthen  and  some  other  towns,  and  had  safely  regain- 
ed their  ships.  Fortunately,  however,  the  progress  of  civilization  has  introduced 
better  usages  into  the  practice  of  modern  war,  and  it  is  not  necessary  now  to 
provide  against  such  plundering  expeditions.  In  fact,  the  length  of  our  coast 
is  far  too  great,  and  the  accessible  points  are  far  too  numerous,  to  render  it 
possible  to  fortify  them  all.  When  we  speak  then  in  the  present  day  of  our 
"  Coast  Defences,"  we  must  not  be  understood  to  advocate  a  vain  attempt  to 
secure  by  defensive  works  every  vulnerable  point ;  we  mean  to  apply  the  term 
only  to  the  means  which  it  is  necessary  to  provide  for  the  protection  of  our 
national  dockyards  and  arsenals,  and  of  our  main  commercial  ports. 

We  are  sometimes  told  that  the  idea  of  fortifying  these  important  points  of 
our  coasts  is  "  un-English ;"  but  if  it  be  so,  we  ceased  to  be  English  some  330 
years  ago,  when  extensive  fortifications  were  erected  along  our  coasts  by  King 
Henry  VIII.  During  the  first  years  of  that  monarch's  reign,  his  attention  was 
attracted  to  the  facility  with  which  the  French  effected  some  landings  on  the 
coasts  of  Sussex.  He'had  also  been  struck  by  the  success  of  the  French  in 
their  campaigns  on  the  Continent  in  the  fifteenth  century,  when  their  superiority 
in  artillery  turned  the  tide  in  their  favour ;  and  at  a  later  period,  when  he  had 
quarrelled  with  the  Pope,  he  received  information  that  the  Roman  Pontiff,  at 
the  instigation,  as  we  read,  "  of  Cardiuall  Pole,  had  moued  and  stirred  divers 
great  princes  and  potentates  of  Christendome  to  invade  the  realme  of  England." 
Thereon  King  Henry  gave  his  anxious  consideration  to  the  question  how  best 
to  fortify  the  most  important  points  of  the  coast ;  and  the  steps  he  took  for 
that  purpose  were  such  as  might  have  been  expected  from  his  energetic  charac- 
ter. He  himself  rode  to  inspect  a  considerable  portion  of  the  coast,  sent  his 
counsellors  to  survey  all  the  ports  and  exposed  places,  caused  forts  and  bulwarks 
to  be  erected,  ordered  general  musters  to  be  made,  and  armour  and  weapons  to 
be  "  seen  and  viewed."  Lord  Herbert  of  Cherbury,  in  his  life  of  Henry  VIII., 
tells  us  that  "  all  these  preparations  being  made  against  a  danger  which  was  be- 
lieved imminent,  seemed  so  to  excuse  the  King  suppressing  of  the  abbeys,  as 
the  people  (willing  to  spare  their  own  purses)  began  to  suffer  it  easily ,  especially 
when  they  saw  order  taken  for  building  divers  forts  and  bulwarks  on  the  sea 
coasts."  In  the  State  Papers,  I  find  an  interesting  letter  from  Sir  Antony 
Knyvet  to  the  king,  dated  October,  1641,  highly  extolling  the  new  fortress  at 
Portsmouth,  then  recently  erected ;  and  begging  the  king  to  take  an  early 
opportunity  of  inspecting  the  plans  of  that  great  work ;  thus  indicating  that 
King  Hem  y  took  a  personal  interest  even  in  the  details  of  his  fortifications. 
The  king's  attention  had  previously  been  strongly  drawn  to  the  progress  in 
the  science  of  artillery.  Mr.  Froude,  in  his  '  History  of  England,'  observes 
that  Henry  VIII.  was  one  of  the  first  men  to  foresee  and  value  the  power  of 
artillery ;  he  tells  us  that  Sebastiniani  mentions  experiments  in  the  range  of 
guns  which  were  made  by  the  king  in  Southampton  Water  ;  and  he  adds  that 
"  when  the  history  of  artillery  is  written,  the  labours  of  Henry  VIII.  in  that 
department  must  not  be  forgotten." 

During  the  reigns  of  Edward  VI.  and  of  Mary  the  subject  of  coast  defence 
was  almost  entirely  lost  sight  of.  Not  only  was  nothing  done  to  extend,  but 
scarcely  anything  was  done  to  maintain  the  works  constructed  by  King  Henry. 
It  was  not  until  Queen  Elizabeth  came  to  the  throne  that  public  attention  was 
again  directed  to  the  question.  At  this  time  (1559)  England  being  actually  at 
war  with  the  second  power  in  the  world,  the  whole  naval  force  in  commission 
amounted  to  seven  coastguard  vessels — the  largest  of  which  was  only  of  120 
tons — and  of  eight  small  merchant  ships  altered  for  fighting.  Of  ships  in 
harbour  fit  for  service  there  were  but  nine,  of  from  200  to  800  tons,  with  twelve 
sloops  and  boats.  In  artillery,  the  destitution  was  even  more  pitiable.  Of  can- 
non (48-pounders)  and  "  demi-cannon"  (24-pounders),  in  all  the  dockyards,  there 
were  but  thirty  which  were  reported  sound,  with  200  culverins  (12-pounders), 
minions  (3-pounders),  and  falconets.  As  for  the  troops,  a  certain  Captain 
Turner,  who  was  sent  to  command  at   Portsmouth,   where  he  was  in  daily 


expectation  of  a  visit  from  the  French,  reported  to  Cecil  "that  they  were  al' 
grown  to  misorder  and  mischief,  and  to  the  greatest  ill  that  man's  head  could 
imagine."  There  is  a  quaint  letter  written  in  1587  by  Lord  Sussex  to  the 
Council,  in  which  he  complains  among  other  things  that  the  platform  of  the 
round  tower  at  Portsmouth  was  so  old  and  rotten  that  on  the  day  of  Her 
Majesty's  coronation  he  "  durst  not  shoot  off  the  piece."  The  forts  at  Graves- 
end  and  Tilbury  were  in  no  better  plight;  for  we  find  in  a  letter  from  Walsing- 
ham  to  Leicester,  dated  July,  1588  (the  Armada  almost  in  sight),  that  at  Til- 
bury and  Gravesend  he  could  not  find  a  single  platform  on  the  ground  or  aloft 
that  was  fit  to  bear  any  "  ordinance."  The  country  was,  however,  now  aroused 
to  a  conviction  of  the  necessity  for  taking  active  steps  towards  improving  the 
state  of  the  defences,  and  we  now  hear  for  the  first  time  of  a  system  of  batteries 
for  the  defence  of  the  Medway,  and,  a  few  years  later,  of  permanent  fortifica- 
tions at  Milford  Haven.  Orders  were  also  given  for  the  repair  and  arming  of 
minor  works  at  Rye,  Eastbourne,  Hastings,  &c. 

It  would  take  too  much  of  your  time  to  dwell  upon  the  measures  for  the 
minor  improvement  of  our  defences  which  were  undertaken  during  the  succeed- 
ing reigns ;  and  I  will  pass  on  to  the  year  1666,  when  there  was  war  with 
France,  Denmark,  and  Holland,  and  when  the  House  of  Commons,  to  quote  the 
words  of  Macaulay,  "  readily  voted  sums  unexampled  in  our  history"  towards 
putting  the  country  into  a  state  of  defence.  This  period  appears  especially 
interesting,  as  showing  the  course  pursued  when  our  fleet,  as  Macaulay  describes 
it  existed  only  upon  paper,  and  when  our  enemies  had  the  command  of  the  sea. 
The  chief  engineer  of  this  time,  Sir  Bernard  de  Gomme,  was  a  man  well  fitted 
for  such  an  emergency,  and  under  his  superintendence  every  effort  was  made 
to  place  the  country  in  a  state  of  defence.  At  Portsmouth,  the  old  mud  walls 
which  had  been  constructed  by  King  Henry  VIII.  had  fallen  into  decay,  and 
new  lines  were  ordered  and  executed.  The  chief  portion  of  the  work,  which  is 
substantially  the  same  as  is  now  known  as  Portsmouth  Lines,  was  completed 
in  July,  1667.  The  lines  of  Gosport,  which  formerly  only  enclosed  the  town 
of  Gosport  itself,  though  designed  and  actually  commenced  at  this  time,  were 
not  completed  for  many  years  after.  The  fortifications  of  the  Isle  of  Wight 
were  jealously  examined,  and  by  the  strenuous  exertions  of  all  concerned,  the 
whole  position  was  put  into  so  excellent  a  state  of  defence,  that  we  find  by 
intercepted  letters  from  the  Dutch  Admirals  De  Ruyter  and  De  Witt,  dated 
July,  1667 — mark  this — that  they  were  deterred  by  the  strength  of  Portsmouth 
and  the  Island  from  making  their  intended  attack.  At  Plymouth  the  citadel 
on  the  Hoe  was  built,  and  at  Dover,  Weymouth,  Dartmouth,  and  the  Scilly 
Isles  the  fortifications  were  also  strengthened.  Sheerness  was  fortified  now,  and 
Pepys  in  his  diary  tells  us  that  the  king  and  the  Duke  of  York  went  to  Sheer- 
ness to  see  the  ground  which  Sir  Bernard  de  Gomme  had  staked  out  for  the 
new  fort  there.  The  works,  however,  were  not  completed  soon  enough  to  pre- 
vent its  guns  being  captured  by  the  Dutch  fleet  under  Admiral  Ruyter  in  1667, 
as  they  swept  up  the  Medway  to  Chatham.  The  defences  of  Gravesend,  Tilbury, 
and  Woolwich,  were  also  strengthened,  and  the  city  of  London  granted  a  loan. 
of  £10,000  for  building  fortifications  on  the  Thames  and  Medway.  The  castles 
of  Deal,  Walmer,  and  Sandown  had  turf  laid  on  their  walls,  but  it  is  written 
of  Sandwich  that  "  the  chief  magistrates  there  kept  to  their  old  trade  of  disa- 
greeing, and  have  left  off  fortifying  themselves."  Along  the  east  coast  too,, 
the  indefatigable  Sir  Bernard  found  scope  for  his  energies,  and  at  Harwich  works 
were  constructed  by  him,  which  repulsed  the  attack  of  the  Dutch  fleet  in  July, 
1667.  In  the  north,  fortifications  were  either  erected  or  repaired  at  Tynemouth, 
Scarborough,  Bridlington  Quay,  and  Hull.  Doubtless  at  other  places  works 
were  erected  or  strengthened  at  this  juncture ;  but  the  foregoing  are  the  principal 
that  were  executed  up  to  the  date  of  the  peace  which  was  concluded  between 
England  and  her  foreign  enemies  in  the  autumn  of  1667. 

Nothing  further  appears  to  have  been  undertaken  in  the  construction  of 
coast  defences  until  the  middle  of  the  reign  of  Queen  Anne,  when  an  invasion, 
of  England  was  projected  by  the  King  of  France  on  behalf  of  the  Pretender. 
This  project  received  both  the  pecuniary  help  and  the  prayers  of  the  Pope ;  and 
great  preparations  were  made  for  the  extension  of  out  fortifications,  so  far  as  the 
purchase  of  the  necessary  lands  is  concerned.  Large  quantities  were  taken 
under  acts  of  Parliament  at  Portsmouth  (for  the  Portsea  Lines,  &c),  at  Har- 
wich, and  at  Chatham ;  but  with  the  exception  of  one  fort  at  Portsmouth,  I  do 
not  find  that  works  were  commenced  at  any  of  these  places  until  nearly  fifty 
years  afterwards. 

The  next  works  of  importance  were  constructed  during  the  reign  of  George 
II. — viz.,  the  lines  at  Chatham  and  Devonport,  which  were  commenced  towards 
the  end  of  the  reigh  of  that  monarch.  An  extension  of  the  fortifications  at 
Gosport,  batteries  on  the  Southsea  shore,  and  a  small  work  since  replaced  hy 
Fort  Cumberland,  were  erected  at  about  the  same  time.  Batteries  were  also 
ordered  on  sundry  points  in  Milford  Haven,  and  at  several  points  along  the 
south  coast ;  the  cause  for  all  these  preparations  being,  as  cited  in  the  preamble 
of  the  Act  31  Geo.  II.,  cap.  39,  "the  unjust  and  hostile  invasion  made  on  His 
Majesty's  dominions  in  America  and  the  Mediterranean,  and  great  preparations 
made  in  France  for  invading  these  realms." 

Towards  the  middle  of  the  reign  of  George  III.,  when  the  Duke  of  Richmond 
was  Master-General  of  the  Ordnance  and  during  the  French  Revolutionary 
War,  still  further  additions  were  made  to  our  coast  defences.  At  Portsmouth, 
Portsea  Lines  were  built,  Fort  Cumberland  was  entirely  reconstructed,  the  old 
Hilsea  Lines  were  thrown  up,  and  the  western  defences  were  extended  by  the 
construction  of  Fort  Monckton ;  a  few  batteries  were  also  erected  for  the  de- 
fence of  Stokes  Bay.  About  this  time,  also,  Sheerness  Lines  were  constructed, 
and  the  works  at  Dover  were  largely  added  to.  Numerous  small  earthworks 
were  also  built  at  this  juncture  at  various  parts  of  the  English  coast ;  but  they 
were  allowed  to  fall  into  decay  after  the  wars.  At  Plymouth,  large  quantities 
of  land  were  acquired  at  various  parts  in  the  vicinity  of  the  town  and  dock 
for  the  erection  of  Devonport  Lines ;  and  amongst  other  works  which  were  now 
constructed  was  the  line  of  redoubts  and  barracks  which  occupy  the  position 
known  as  the  Maker  Heights.     Pitt  (who  took  a  great  interest  personally  in 
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these  questions)  intended  to  have  erected  a  citadel  on  Maker  Heights ;  but  he 
■was  defeated  by  a  majority  of  one  (the  Speaker's  casting  vote)  in  a  proposal 
for  the  further  extension  of  our  fortifications  at  Portsmouth  and  Plymouth. 
After  this,  for  half  a  century,  we  acted  like  the  magistrates  of  Sandwich,  and 
"  left  off  fortifying  ourselves."  Men  indulged  in  dreams  of  universal  peace 
whioh  were,  however,  rudely  dispelled  by  the  great  Crimean  war.  Now  we  come, 
to  the  efforts  of  the  present  generation,  and  never  has  there  been  a  time  when 
it  has  been  so  difficult  to  deal  with  questions  of  defence.  The  introduction  of 
steam,  of  rifled  guns,  then  of  iron-clad  ships,  which  rendered  necessary  the 
construction  of  artillery  of  enormous  power;  these  are  the  conditions  with 
which  we  have  had  to  deal  during  the  last  few  years,  and  it  may  be  con- 
fidently asserted  we  are  second  to  no  other  nation,  if  we  are  not  superior  to  all, 
as  regards  the  steps  taken  to  meet  present  requirements,  in  every  department  of 
coast  defence. 

I  will  now  proceed  to  consider  the  principles  which  should  guide  us  in  the 
defence  of  this  country  in  the  present  day.  Since  the  periods  of  which  I  have 
been  speaking,  the  British  empire  has  been  greatly  extended,  and  the  demands 
upon  our  resources  have  become  proportionally  enlarged.  For  the  general  de- 
fence of  so  vast  an  empire,  we  must  first  of  all  and  mainly  depend  upon  our 
seagoing  fleet.  It  is  to  the  fleet  we  must  look  for  our  first  line  of  defence 
against  invasion  of  this  country,  to  maintain  our  communications  with  our  foreign 
possessions,  and  to  protect  our  commerce  and  our  interests  generally  both  at 
home  and  abroad.  But  the  bases  on  which  our  naval  power  must  rest  are  the 
ports,  dockyards,  and  arsenals,  in  which  our  fleets  and  squadrons  are  harboured, 
coaled,  and  refitted.  Thus  we  have  naval  establishments  at  Portsmouth,  Ply- 
mouth, Chatham,  and  Pembroke,  at  home  ;  at  Bermuda,  Malta,  Gibraltar,  and 
several  other  places  abroad.  These  places  are  the  roots  from  which  our  naval 
power  springs,  and  they  require  special  protection  against  attacks  that  may  be 
made  upon  them,  during  the  absence  of  our  fleet,  either  by  hostile  naval  forces 
alone,  or  by  combined  naval  and  military  expeditions.  If  our  navy  could  be 
kept  up  in  sufficient  strength  to  meet  the  navies  of  other  nations  at  all  points 
were  hostile  fleets  or  cruisers  might  attack  us,  questions  about  attack  upon  these 
naval  arsenals  would  be  disposed  of.  Very  little  reflection  and  calculation, 
Tiowcver,  are  necessary  to  show  that  the  resources  even  of  this  country,  whether 
in  money  or  in  seamen,  would  not  admit  of  our  maintaining  such  enormous 
naval  means  as  would,  of  themselves,  suffice  to  defend  these  sources  of  our 
naval  strength,  and  at  the  same  time  to  protect  our  commerce,  or  to  prevent 
an  enemy  from  either  landing  on  our  shores  or  attacking  our  widely  scattered 
commercial  ports,  whether  at  home  or  abroad.  Even  if  it  were  possible  that 
a  fleet  sufficient  to  fulfil  all  these  duties  could  be  maintained,  such  an  applica- 
tion of  the  resources  of  the  nation  would  lead  to  an  expenditure  of  public 
•money  far  exceeding  that  which  would  suffice  for  the  defence  of  the  country 
with  the  aid  of  other  means.  The  first  cost  of  such  a  navy  would  be  enormous, 
and  would  have  to  be  repeated  every  twenty  or  thirty  years,  and  the  oxpense  for 
maintenance  would  be  great  and  continual.  Further,  if  the  several  sections  of 
•our  navy  were  employed  for  the  protection  of  the  arsenals  whence  they  are  main- 
tained, we  should  be  using  the  fleet  to  maintain  the  dockyards  instead  of  the 
dockyards  to  maintain  the  fleet ;  and  each  of  the  sections  of  our  navy  thus 
scattered  over  the  world  would  be  liable  to  be  overpowered  by  the  concentrated 
forces  of  the  enemy.  Other  defences  besides  the  navy  are,  therefore,  essential 
for  these  nurseries  of  the  fleet. 

First,  to  consider  the  means  which  should  be  applied  for  the  defence  of  these 
places  against  naval  attack.  These  are,  big  guns  above  water,  and  big  mines 
below  water,  placed,  of  course,  at  the  proper  distance  in  advance  of  the  object 
to  be  protected.  Booms  of  timber,  rafts,  chains,  or  nets,  might  also  be  used 
for  obstructing  channels  ;  but  the  attention  that  has  been  given  during  the  last 
few  years  to  the  application  of  submarine  mines  has  rendered  these  passive 
obstructions  of  minor  importance. 

To  proceed  then  to  consider  active  obstructions,  or  mines  below  water. — These 
are  now,  in  most  cases,  necessary  to  obstruct  the  passage  of  ships,  and  to  keep 
them  under  the  fire  of  the  guns  above  water,  and  have  become  of  especial  im- 
portance since  iron  armour  has  been  applied  to  the  sides  of  ships,  aud  thus 
these  vessels  of  war  have  become  most  vulnerable  at  their  bottom.  There  are 
two  classes  of  these  mines — one,  exploded  by  mechanical  contrivances,  the  other 
exploded  by  electricity.  Those  exploded  by  mechanical  means  should  be  of  a 
size  to  contain  about  loOlbs.  of  powder.  They  are  much  less  costly  than  the 
others,  and  caa  be  placed  in  position  more  expeditiously  ;  could  moreover  be 
applied  in  any  number,  but  they  are  inapplicable  in  positions  where  it  is 
necessary  to  keep  the  channel  open  to  friendly  vessels.  In  such  cases,  electric 
torpedoes  must  be  used.  These  admit  of  a  friendly  vessel  passing  over  them 
in  safety,  and  of  a  ship  in  chase  being  sunk  by  the  completion  of  the  electric- 
circuit.  Their  charges  would  be  about  l,0001bs.,  of  gunpowder,  or  about  lOOlbs, 
of  gun-cotton,  and  would  ensure  the  destruction  of  a  ship  by  their  explosion, 
not  merely  when  immediately  over  them,  but  even  if  any  portion  of  her  were 
within  forty  or  fifty  yards  of  the  position. 

It  used  to  he  the  fashion,  even  amongst  professional  men,  in  this  country,  to 
consider  this  mode  of  defence  as  being  incapable  of  practical  application ;  but 
of  late  years  a  very  different  opinion  lias  prevailed  and  the  effective  applica- 
tion of  submarine  mines,  used  in  conjunction  with  forts  and  floating-batteries 
is  of  immense  importance,  not  only  in  connection  with  fortifications,  for  the 
defence  of  our  great  naval  stations,  but  also  for  our  minor  ports,  and  for  the 
protection  of  all  places  on  the  seaboard.  Foreseeing  the  important  part  that 
submarine  mines  would  play  in  coast  defences,  I  had  the  honour  of  proposing 
to  Lord  de  Grey,  in  1802,  that  a  special  committee  should  be  appointed  to 
consider  nnd  report  upon  the  question  of  their  application  to  defence  of  har- 
bours. Lord  de  Grey  at  once  recognized  the  importance  of  such  an  inquiry,  and 
appointed  a  committee,  which,  after  prolonged  investigation  and  experiment. 
has  made  a  most  valuable  and  interesting  report  upon  the  subject,  We  an 
now  in  n  position  to  apply  this  system  of  defence  to  any  extent  that  may  be 
required  for  the  protection  of  our  harbours  and  other  points   upon  our  coasts ; 


and  we  are  much  indebted  to  the  committee  for  the  thoroughly  practical  results 
which  we  are  now  enabled  to  attain  in  this  important  and  inexpensive  element 
of  national  defence. 

The  question  is  sometimes  asked, — Whether  the  applications  of  submarine 
mines  will  not  render  unnecessary  the  employment  of  forts  aud  batteries,  for 
defence  against  naval  attack.  Forts  and  batteries,  however,  are  still  required 
in  all  important  cases  to  cover  the  torpedoes  and  prevent  their  being  tampered 
with.  It  must  also  be  remembered  that  whilst  the  submarine  mine  is  harmless 
unless  the  ship  comes  near  it,  the  shot  from  the  battery  can  injure  the  ship 
whatever  may  be  her  position  within  effective  range.  Further,  although  pro- 
bably our  harbours  might  be  efficiently  obstructed  by  torpedoes  in  at  from 
seven  to  fourteen  days'  notice,  yet  one  condition  is  that  the  weather  should  be 
sufficiently  favourable  to  allow  them  to  be  exactly  laid.  There  are,  again, 
certain  positions  where,  even  if  the  torpedoes  are  laid,  they  might  be  disturbed 
by  a  violent  storm,  and,  possibly,  an  attack  on  the  positions  in  which  they 
were  to  serve  might  take  place  before  they  could  be  renewed  ;  and  though  the 
periods  of  the  year  at  which  these  difficulties  might  arise  are  short,  yet  the 
bare  possibility  of  interference  in  the  application  of  a  complete  torpedo  system 
prevents  our  placing  entire  reliance  on  such  a  defence  for  the  protection  of 
places  on  which  the  warlike  power  of  the  nation,  both  for  offence  and  defence, 
must  in  a  great  measure  depend.  Therefore,  although  submarine  mines  are  a 
most  important  element  in  the  defence  of  our  harbours  aud  coasts,  and  add 
greatly  to  the  power  of  our  forts  to  resist  a  naval  attack,  they  must  not  be 
regarded  as  substitutes  for  permanent  works  of  defence  at  our  naval  arsenals  and 
harbours,  and  other  important  ports. 

To  proceed  now  to  consider  the  employment  of  big  guns  above  water.  These 
with  all  the  numerous  accessories  for  their  service  must  be  placed  in  positions 
so  protected  and  arranged  as  to  give  them  a  decided  superiority  over  the  artillery 
of  assailing  ships.  The  question  then  arises  whether  they  shall  he  placed 
afloat  in  strongly  protected  vessels,  i.e.  in  floating-batteries  :  or  at  fixed  points 
either  on  land  or  on  shoals,  i.e.  in  forts.  It  is  often  said,  "  Why  don't  you  pro- 
tect your  ports  by  floating-batteries  alone?"  The  same  reasons,  however,  as 
have  been  before  adduced  against  the  employment  of  our  sea-going  navy,  pre- 
vent our  employing  special  floating-batteries  alone  for  this  object.  Such  a 
system  would  necessitate  our  maintaining  at  each  of  our  chief  ports  a  naval 
squadron,  sufficiently  powerful  to  resist  the  attack  of  the  superior  force  of  the 
enemy.  Then  again  arise  the  questions,  "  What  is  a  sufficiently  powerful  force 
to  maintain  at  each  point  for  this  object ;  what  would  be  its  first  cost  ;  in  how 
many  years  will  it  be  necessary  to  repeat  the  outlay  for  it :  what  will  bo  the 
expence  of  its  annual  maintenance  ?"  It  is  impossible  to  examine  these  ques- 
tions without  arriving  at  the  conclusion  that  even  if  our  resources  in  money 
and  in  seamen  rendered  it  practicable  to  maintain  such  a  force  iu  addition  to 
our  sea-going  navy,  the  defence  of  our  ports  can  be  effected  much  more 
efficiently  and  economically  with  the  aid  of  other  means.  Irrespective,  however 
of  the  question  of  the  expense  of  providing  for  coast  defence  by  floating-batteries 
alone,  very  little  consideration  is  requisite  to  understand  that  if  there  be  posi- 
tions on  land  from  whence  an  effective  fire  can  be  brought  to  bear  on  the  channel, 
anchorage,  or  shore  to  be  defended,  there  is  no  object  in  placing  the  guns  in 
vessels  afloat.  In  positions  such  as  I  have  referred  to,  there  cannot  be  any 
object  in  substituting  an  unsteady  platform — on  which  the  amount  ef  protection 
that  can  be  afforded  is  limited  by  considerations  inherent  to  floating  structures 
and  which  is  liable  to  be  taken  away  or  to  be  sunk — for  a  fixed  and  perfectly 
steady  platform  on  shore,  which  can  be  fully  protected,  either  against  its  Are 
being  silenced,  or  from  capture  by  an  enemy.  In  cases,  however,  where  the  dis- 
tance between  forts  is  so  great  that  the  intervening  space  cannot  be  properly 
commanded  by  their  fire,  or  where  it  may  be  necessary  to  have  advanced  batteries 
of  artillery  at  a  distance  from  the  shore,  and  where  foundations  for  fixed  works 
cannot  be  obtained  without  expense  and  difficulty  disproportioned  to  the  object, 
it  becomes  necessary  to  employ  floating  defences. 

In  short,  we  must,  in  each  case,  consider — 1.  Whether  we  can  provide  for 
the  defence  by  forts  without  floating-batteries.  2.  If  not,  to  what  extent  float- 
ing defences  should  be  applied  in  conjunction  with  forts.  And  3.  Whether  the 
circumstances  are  such  as  to  render  it  advisable  to  employ  floating-batteries  in 
substitution  of  forts.  The  question  is  not  one,  as  it  is  often  put,  of  "  floating- 
batteries  versus  forts."  There  is  no  "  versus"  in  the  matter.  Both  are  required 
in  their  proper  places. 

The  question  of  the  kind  of  floating-battery  to  be  employed  for  harbour 
defence  has  from  time  to  time  been  much  discussed.  Ten  years  ago,  at  my 
suggestion,  a  committee  was  appointed  by  General  Peel  to  consider  the  subject. 
Admiral  Cooper  Key,  Colonel  Wilmot,  K.A.,  and  myself  were  the  members  of 
this  committee.  \Vc  then  recommended  the  employment  for  harbour  defence  of 
small  vessels,  each  carrying  a  fixed  iron  tower  for  four  guns,  and  provided  with 
eight  ports.  It  is  curious  how  nearly  this  vessel  approached  the  '  Monitor'  type 
first  used  in  the  memorable  fight  at  the  mouth  of  the  .lames  river,  in  America, 
with  the  '  Mcnimac,'  in  18(i-2.  I  believe  it  is  generally  admitted  that  the 
'  .Monitor'  class  of  vessel  is  the  best  kind  of  armour-clad  floating-battery  for 
coast  defence ;  but  amidst  the  many  projects  for  floating  structures  for  deli 
now  advocated,  it  would  he  presumptuous  for  me  to  give  any  decided  opinion 
on  this  subject.  In  gome  cases  non-dad  'Monitors/  supplemented  bj  amos- 
quito  squadron  of  gun-boats,  might  be  employed,  and,  to  oppose  unarmourcd 
cruisers  or  privateers  tO  the  attacks  of  which  alone  the  leSB  important  harbours 
would  he  liable,  small  gun-boats  of  light  dranght  in  conjunction  with  submarine 
mines  would  alone  suffice.  I  take  this  opportunity  Ol  showing  a  model  of  a 
small  gun-boat  for  one  gun,  proposed  by  Mr.  Kendel,  of  the  Klswiok  Ordnance 
Company,  in  coiiMiltation  with  Admiral  Cooper  Key,  which  appears  admirably 
well  adapted  for  the  small  class  of  vessels  for  harbour  defence, 

1  now  pass  on  to  consider  the  defence  of  our  great  naval  arsenals,  in  the  event 
of  an  enemy  obtaining  a  footing  on  our  shores.  We  maintain  a  large  military 
forco  ot  regulars,  reserves,  militia,  and  volunteers,  and  thereby  admit  the 
possibility  of  a  campaign    taking  placo   iu  this  country.      The    landing  of   a 
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hostile  army  on  our  coasts  must  be  admitted  to  beJa  difficult  operation  ;  but  it 
would,  to  say  the  least,  be  very  unwise  if  we  were  to  conclude  that  invasion 
is  impossible  because  it  is  difficult.  It  must  be  assumed  that  the  main  object 
of  an  enemy  in  an  invasion  would  be  to  get  to  London ;  for  by  doing  so  he 
would  not  only  occupy  the  commercial  heart  of  the  empire  and  the  seat  of  govern- 
ment, but  the  main  military  arsenal  of  the  empire  at  Woolwich  would  also  fall 
into  his  hands.  Supposing  him  to  have  obtained  a  footing  on  shore,  and  to  be 
advancing  on  London,  we  interpose  between  him  and  his  object  the  regular 
army,  in  conjunction  with  the  armed  and  organized  manhood  of  the  country, 
more  or  less  disciplined,  and  aided  by  such  temporary  defences  as  could  be 
thrown  up  at  the  time  of  expected  attack.  But  as  the  best  disciplined  and  the 
greater  part  of  our  military  forces  must  be  employed  to  cover  the  capital,  we 
must  arrange  our  plan  of  defence  so  that  as  few  disciplined  troops  as  possible 
may  be  necessary  for  the  defence  of  other  points  in  the  country  which  must  be 
defended,  but  which  cannot  be  covered  by  the  operations  of  the  main  army. 
Portsmouth  and  Plymouth,  for  instance,  are'  therefore  defended  on  the  land  side 
by  the  aid  of  fortifications  which  will  enable  a  comparatively  small  number  of 
partially  disciplined  forces,  with  the  aid  of  a  few  regular  troops,  to  protect  these 
places  against  capture  or  bombardment,  whilst  the  main  army  would  be  employed 
in  the  defence  of  London  and  Woolwich.  A  mistake  is  commonly  made  that 
because  the  places  I  refer  to  are  fortified,  the  garrisons  of  those  places  must  be 
lavgely  increased.  The  case  is  precisely  the  reverse.  Even  if  all  the  outer  line 
of  forts  to  landward  at  either  Portsmouth  or  Plymouth  were  fully  manned  at 
the  same  time  (which  would  be  quite  unnecessary,  not  more  than  one-half  need 
be  fully  manned  at  the  same  time),  only  between  6,000  and  7,000  men  would 
be  required  for  the  purpose  at  each  place  respectively,  and  only  a  very  small 
portion  of  these  need  be  regular  troops.  The  remainder  of  the  garrisons  would 
consist  of  a  movable  force,  which  in  any  case  we  must  have  for  the  defence  of 
these  places,  but  which  in  the  absence  of  the  forts  must  be  of  sufficient  strength 
and  sufficiently  disciplined  to  meet  the  enemy  in  the  open  field,  whilst  with  the 
forts  it  may  be  comparatively  small  in  number,  and  only  disciplined  to  take  up 
a  fighting  position,  under  the  support  of  the  works,  as  that  part  of  the  fortified 
line  assailed.  Unfortified,  an  enemy  would  only  have  to  detach  about  15,000 
or  20,000  men  from  the  main  invading  army  to  effect  in  a  few  days  the  destruc- 
tion of  all  our  ships  and  naval  establishments  at  Portsmouth  ;  fortified,  he  must 
employ  an  army  of  at  least  three  times  that  number,  and  must  have  a  consi- 
derable time  at  his  disposal  to  undertake  a  regular  siege.  Unfortified,  no  force 
that,  in  the  case  referred  to,  we  could  afford  for  the  garrisons  of  these  places 
could  protect  either  against  the  attack  of  15,000  regular  troops  ;  fortified,  there 
is  no  difficulty  in  providing  the  numbers  and  description  of  troops  that  would 
be  capable  of  making  a  good  defence  of  these  nurseries  of  the  navy.  Unfortified 
they  at  once  fall  if  an  enemy  were  to  obtain  a  decisive  victory  over  the  army 
in  the  field;  fortified,  they  remain  in  our  hands  even  under  such  untoward  cir- 
cumstances, and  thus  enable  us  to  avert  the  destruction  of  our  naval  power  at  a 
period  when  all  the  resources  of  the  country  will  be  required  to  enable  us  to 
retrieve  the  position  temporarily  lost. 

A  few  words  in  conclusion.  We  are  often  told  that  these  works  are  unpro- 
ductive, and  so  in  one  sense  they  are ;  hut  who  shall  say  what  effect  permanent 
measures  of  defence  may  have  upon  the  position  of  this  nation  ?  I  verily  be- 
lieve they  tend  to  peace  and  to  the  development  of  the  prosperity  of  England. 
But  we  are  met  with  other  objections.  It  is  commonly  said  that  there  is  no 
use  in  constructing  permanent  fortifications,  because  the  inventions  of  one  age 
render  useless  the  efforts  of  the  previous  generation.  History,  however,  does 
not  support  this  statement.  At  this  moment  we  are  turning  to  account,  and 
with  good  effect,  works  erected  by  Henry  VIII.  more  than  three  centuries  ago. 
In  like  manner,  works  constructed  in  the  time  of  Charles  II.  and  in  the  reigns 
of  George  II.  and  George  III.  form  parts  of  the  system  of  fortifications  we  are 
adopting  at  the  present  day.  Then  we  are  told  that  these  measures  are  so 
extravagant.  The  fact,  however,  is  that,  by  the  aid  of  fortifications  we  are 
enabled  to  defend  the  empire  with  fewer  troops  and  a  smaller  navy  than  would 
otherwise  be  necessary,  and  that  they  thus  tend  greatly  to  economy.  If  we  are 
to  make  provision  for  defence  at  all,  it  is  only  by  the  aid  of  fortifications  that 
we  can  have  an  economical  system  of  defence.  They  say  then,  that  our  forti- 
fications "lock  up"  troops.  I  have  shown  you  that,  on  the  contrary,  they 
enable  us  to  utilize  our  auxiliary  forces  and  to  set  the  regular  army  free.  But 
again,  we  are  told  that  we  ought  to  depend  upon  our  navy;  but  the  main  pur- 
pose of  the  fortifications  is  to  enable  the  navy  to  do  its  duty  effectively.  The 
navy  is  without  doubt  the  arm  on  which  we  must  mainly  depend ;  but  that 
is  no  reason  why  we  should  tie  it  down  to  our  side  !  Lastly,  they  say,  "  An 
enemy  won't  go  near  these  fortifications."  My  reply  is,  that  that  is  the  very 
object  for  which  they  are  provided.  To  sum  up.  The  truth  is,  that  to  provide 
an  efficient  system  of'  defence  at  the  least  cost  to  the  state,  the  sailor,  the  soldier, 
and  the  military  engineer  must  each  occupy  his  proper  place.  The  navy  and 
the  army  are  the  vital  principle  of  defence ;  and  fortified  arsenals  and  harbours 
are  the  centres  of  refuge  and  action  for  both.  Take  away  fortifications,  and 
you  are  unable  to  turn  your  auxiliary  forces  to  proper  account ;  you  leave  an 
army  insufficient  for  the  duties  it  has  to  perform ;  a  navy,  scattered,  unsupported, 
and  with  no  protected  home. 


following  parts : — A  copper  conductor,  gutta-percha  insulator,  and  jute  serving, 
surrounded  by  ten  wires  of  homogeneous  iron,  each  served  with  five  Manilla 
yarns  saturated  with  tar. 

Table  I. — Consteuctioh  ofXFeench  Atlantic  Cable — Beep-Sea  Section. 


ON  THE  SUBMERSION  AND  RECOVERY  OP  SUBMARINE  CABLES. 

By  H.  C.  Fleeming  Jenkin,  Esq.  F.R.S.,  Professor  of  Engineering  in  the 
University  of  Edinburgh. 

The  speaker  began  by  stating  that  his  object  was  to  explain  the  principles  on 
which  engineers  had  acted  in  laying  and  recovering  submarine  cables,  rather 
than  to  exhibit  the  details  of  the  machinery  employed.  The  general  construc- 
tion of  electrical  cables  was  first  described  and  specimens  were  shown  ;  especial 
attention  being  drawn  to  the  deep-sea  French  Atlantic  cable,  consisting  of  the 


Lbs.  Weight 

Diameter  in 

Breaking  Strain. 

per  Knot. 

Inches. 

Lbs. 

Copper 400     

•168     ...     . 

.     ...     644 

Gutta-percha      400     

•463     ...     . 

.     ...      — 

Serving         234     

•669     ...     . 

— 

Homo,  wires  (10)        ...  1589     

•100     ...     . 

.     ...     950 

Manilla  strands  (50)  ...  1091     

— 

.     ...     550 

Each  served  wire       ...     268     

•245     

.     ...  1,550 

Cable    3701     

1-134     ...     . 

16,530 

Weight  of  cable  in  air     ...     T652  tons  per  knot. 

„            in  water       0753 

Strength  in  tons        7|  tons. 

Table  No.  1  gives  the  dimensions,  weights,  and  strengths  of  each  of  the- 
compouent  parts.  The  wire  served  with  hemp  will  bear  a  greater  weight  than 
the  sum  of  the  weights  borne  separately  by  the  wire  and  the  strands  ;  and,  again, 
the  served  wires,  when  formed  into  a  rope,  bear  a  greater  weight  than  the  sum 
of  the  weights  which  each  will  bear.  Moreover,  while  the  homogeneous  iron 
elongates  less  than  one  per  cent,  bsfore  breaking  and  the  hemp  elongates  only 
0'75  per  cent.,  the  two  combined  stretch  three  per  cent.  This  paradoxical  re- 
sult is  due  to  want  of  absolute  uniformity  in  the  strength  of  each  part ;  when 
separate,  each  breaks  at  the  weakest  point :  when  combined,  the  weakest  points 
seldom  coincide;  hence  the  strength  of  the  combination  is  the  sum  of  the 
minimum  strengths.  The  so-called  spiral  or  helical  form  does  not  really  render 
the  cable  elastic  or  liable  to  stretch,  nor  does  it  compress  the  core  inside  the 
sheathing,  as  was  shown  by  an  experiment  where  the  core  was  actually  withdrawn 
without  causing  the  collapse  of  the  sheathing.  The  manner  of  coiling  the  cable 
on  board  ship  was  explained  by  diagrams  and  models ;  it  being  shown  that  in 
order  to  avoid  putting  a  twist  into  the  rope  when  taking  it  out  of  the  hold,  it 
was  necessary  to  put  a  twist  in  when  coiling  it  away.  Bad  coiling  produces- 
kinks  or  loops  drawn  tight,  which  are  avoided  by  a  cone  filling  the  eye  of  the 
coil,  and  by  rings  or  equivalent  arrangements  preventing  the  bight  as  drawn  out 
of  the  hold  from  lashing  out  under  the  influence  of  centrifugal  force.  The 
following  table  gives  the  dimensions  and  contents  of  the  Great  Eastern  tanks  as 
arranged  for  the  Atlantic  expedition.  These  tanks  keep  the  cable  under  water 
on  board  ship  to  facilitate  the  electrical  tests.  They  carry  a  weight  of  5,000 
tons,  in  a  bulk  of  180,000  cubic  feet,  the  tanks  not  being  filled  quite  to  the 
top. 

Table  II. 


Diameter. 

Depth. 

Cable  knots 

Fore  tank     ... 

...      51ft.     6in.     . 

..     20ft.  6in.     . 

728 

Main  tank     ... 

...      75ft.    Oin.     . 

..     16ft.  6in.     . 

..       1100 

After  tank     ... 

...      58ft.    Oin.     . 

..     26ft.  6in.     . 

912 

Notwithstanding  their  enormous  weight  and  size,  these  tanks  occupy  a  very 
insignificant  proportion  of  the  whole  bulk  of  the  Great  Eastern.  Mr.  C.  W. 
Siemens  has  for  light  cables  employed  a  sort  of  reel  or  drum  on  a  turn-table 
with  partial  success,  instead  of  the  fixed  tank  and  coil.  From  the  tank  the 
cable  when  paid  out  passes  over  a  pulley  and  along  a  trough  to  the  break  drum, 
the  object  of  which  is  to  restrain  the  free  exit  of  the  cable  to  such  an  extent  as 
is  desired.  The  cable  is  laid  hold  of  by  being  passed  several  times  round  a  drum, 
as  a  rope  making  fast  a  vessel  may  be  seen  to  be  passed  round  a  bollard ;  the 
friction  allows  a  slight  strain  at  one  end  to  prevent  a  very  heavy  pull  at  the 
other  end  from  causing  the  rope  to  slip  round  the  drum  The  slight  pull  at  what 
may  be  called  the  light  end  of  the  rope  is  given  by  a  series  of  jockey  pulleys 
which  play  the  part  of  the  hand  when  the  rope  is  allowed  to  slip  round  a  bollard, 
but  in  paying  out  a  cable  the  rope  does  not  slip  round  the  drum ;  the  drum  itself 
turns  round  restrained  by  a  friction  band  or  belt.  It  is  essential  that  this 
restaining  friction  should  be  constant ;  a  result  attained  by  the  Appold  Break, 
which  was  explained  by  models  and  diagrams.  In  this  arrangement  both  ends 
of  the  break  strap  are  attached  to  one  lever  in  such  a  manner  that  when  the 
drum  begins  to  turn  it  tends  to  lift  the  lever  and  weight  hanging  to  it,  and  as 
the  lever  is  lifted  it  slackens  the  break  strap,  until  the  difference  of  tension  on 
the  two  ends  of  the  strap  is  equal  to  the  weight  hanging  on  the  level-.  When 
this  is  the  case,  the  lever  is  no  longer  lifted,  but  remains  stationary  with  the 
strap,  allowing  the  drum  to  turn,  restrained  by  a  constant  friction  equal  to  the 
weight  on  the  lever.  If  the  coefficient  of  friction  increases,  the  lever  will  be  a 
little  more  lifted  and  the  strap  slackened ;  if  the  coefficient  of  friction  diminishes, 
the  lever  and  weight  will  fall,  tightening  the  straps  ;  but  in  any  case  the  re- 
tarding force  will  be  simply  equal  to  the  weight.  From  the  break  drum  the 
rope  dips  under  a  weighted  pulley,  which  rides  as  it  were  suspended  on  a  V  of 
taut  cable ;  if  the  strain  increases,  the  rope  straightens,  and  raises  the  pulley ; 
if  the  strain  diminishes,  the  weight  and  pulley  fall ;  thus  the  height  of  the 
pulley  indicates  the  strain.  This  instrument  is  called  the  dynamometer. 
Lastly,  the  rope  passes  over  a  pulley  into  the  sea.  Having  shown  how  the  cable 
was  treated,  the  speaker  proceeded  to  show  how  the  strains  to  be  expected  could 
be  calculated.  A  cable  paid  out  in  air  hangs  in  a  catenarian  curve,  but  in 
water  lies  in  a  straight  line,  and  the  strains  in  the  two  cases  are  wholly  different. 
In  air  the  rope  meets  with  no  sensible  obstacle  to  its  motion  either  longitudinally 
or  in  a  direction  perpendicular  to  its  own  length ;  in  water,  on  the  contrary,  each 
foot  of  a  cable  meets  with  an  opposition  to  its  motion  perpendicular  to  its 
length,  which  we  may  call  q,  and  for  the  Atlantic  cable 

q  =  0154  v-, 
I  where  v  is  the  velocity  of  the  cable  normally  to  its  own  length  in  feet  per  second. 
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Thus,  as  the  cable  weighs  0,25751b,  per  foot,  it  cannot  sink  faster  than  the 
speed  given  by  the  equation 

0-2575  =0154  «r, 

form  which  »*,  the  settling  velocity,  is  found  to  be  1.294ft,  per  second,  or  0.765 
knot  per  hour.  The  result  of  this  resistance  to  displacement  is  that  the  cable 
lies  in  a  straight  line,  not  in  a  catenary  curve,  supported  as  it  were  by  an 
inclined  plane  of  water  constantly  yielding  at  the  velocity  t>i-  The  inclination  of  the 
straight  line  depends  on  the  velocity  of  the  ship  and  on  vi  not  being  at  all 
affected  by  the  tension  of  the  rope.  The  angle  <p  at  which  the  cable  will  lie 
may  be  calculated  as  follows.  Let  P  be  the  resistance  of  the  water  to  displace- 
ment by  each  foot  of  the  cable  of  the  weight  a>  when  lying  at  the  angle  <P, 

V—a  cos.  $; 

let  »n  be  the  velocity  at  which  the  cable  moves  perpendicularly  to  itself, 

v\  =v    sin.  f, 

•where  v  is  the  velocity  of  the  ship 


hence  cos.  <p  =_?}r=*2  sin-2  » 

„    .  v  sin.  *  ,o 

ana  v\  = — 2_,  1 

v  cos.  <t> 

and  assuming  the  the  resistance  is  proportional  to  the  square  of  the  velocity,  we 
have  a  =  q»r,  and  hence =• 


cos.  <f> 


-,  or 


—  =■  cos" ,     ,  from  which  we  have 
qo2     sin.-  <p 

•/  u-  +  4  m»         —  in 


2  7» 


•where  m  =  q  tP. 

From  this  formula,  as  indeed  from  common  sense,  it  appears  that  the  greater 
the  value  of  q  and  of  v,  the  smaller  the  inclination  with  the  horizon.  The 
rough  Atlantic  cable,  when  the  ship  was  going  at  the  speed  of  six  knots  per 
honr,  lay  at  an  angle  of  6|°,  so  that  the  inclined  plane  was  seventeen  miles  long, 
and  each  foot  of  the  cable  took  nearly  three  hours  to  reach  the  bottom.  The 
strain  T  at  the  top  of  the  inclined  plane,  if  there  were  no  friction  prevent- 
ing the  rope  from  slipping  back  along  the  plane,  would  be  equal  to  the  weight 
of  a  piece  of  cable  hanging  plumb  from  the  surface  of  the  water  to  the  bottom, 
•or 

T=ax, 

where  <o  is  the  weight  per  foot  run  of  the  cable  and  ,r  is  the  depth  in  feet. 
But  there  is  sensible  friction  which  helps  to  relieve  the  strain  precisely  as  when 
a  chain  is  lying  on  a  solid  inclined  plane ;  calling  m-y  the  coefficient  of  friction 
in  lbs.  per  foot  length  of  cable  at  the  velocity  v  in  feet  per  second,  and  assuming 
that  m1=-qi»5,  the  experiment  of  the  Atlantic  cable  showed  that  qi ='00604 
(this  is  equivalent  0-81  cwt.  per  knot  of  cable  when  slack  is  paid  out  at  the  rate 
of  one  knot  per  honr.)  The  result  is,  that  when  slack  is  paid  out,  say  at  the 
rate  of  1  knot  per  hour,  and  when  <f>  =  6-45°,  the  strain  is  diminished  by  one- 
half,  and  if  slack  were  paid  out  at  the  rate  of  l-4  knot  per  hour,  or  23i  per 
-cent.,  this  particular  cable  would  require  no  retarding  force  whatever.  The 
strain  Tb  when  the  velocity  of  the  cable  is  vln,  can  be  found  from  the  following 
formula : 


/«iii  _  cos.  <*>\- 
Ti  =  -*-M   i  ) 


sin.  <J> 


Cables  of  light  specific  gravity  have  a  small  settling  velocity  and  lie  at  great 
length  in  the  water,  and  if  they  are  also  rough,  the  coefficient  qi  may  easily  be 
so  great  as  to  relieve  the  break  of  most  of  the  strain  which  would  be  necessary 
to  lay  a  cable  of  equal  weight  but  small  bulk  and  smoother  surfaco,  with  the 
same  amount  of  slack.  If  no  slack  were  laid  there  would  bo  little  difference  be- 
tween the  tension  required  for  cables  of  different  construction  but  of  equal 
weights  in  water.  When  much  slack  is  laid,  all  cables  will  bo  considerably  less 
strained  than  if  laid  without  slack  ;  and  finally,  the  taster  the  ship  goes  the  less 
alack  is  required  to  produce  am  given  amount  of  relict. 

The  correctness  ol   tlie  above  theory  lias  been  amply  proved  in  practice.      If  in 
seas  2  miles  deep  the  cable  hung  in  a  catenary  ISi  miles  long,  the  weight  to  be 
carried  would  bo  H\  tons,  and  the  strain  on  the  cable  20  tons  ;  while  if  tho  cable 
hung  in  a  catenary  the  inclination  of  which  to  the   horizon  at  the   item 
SO',  the  length  would  be  24  mile-,  the  weight  17  tone,  and  the  strain  LOS  ton 

instead  ol  about  11  cwt. — the  strain  actually  observed  for  the  Atlantic  cable 
when  bemgpaid  out  at  7  knots  per  hour  while  the  ship  was  going  It 
per  hour.  The  rise  and  fall  of  tho  ship,  even  in  heavy  weather,  very  slightly 
afleote  the  strain  while  paying  out,  on  account  of  tho  ilight  inclination  ol  the 
cable  to  the  horizon.  The  margin  of  strength  in  deep. sea  rabies  ol  the  Atlantic 
type  is  even  greater  than  is  given  in  most  engineering  "oil...,  since  the  cable 
will  bear  tenfold  the  strain  which  is  found  necessary  in  laying.  The  pi 
grappling  was  next  described,  and  the  operation  illustrated  by  dragging  a 
miniature  grapnel  over  the  floor,  so  as  to  hook  a  chain    1>  ing  there.     When  thu 


cable  is  hooked,  the  strains  on  the  grapnel  rope  are  simply  the  weights  of  the 
bight  lifted,  and  the  length  of  this  bight  depends  on  the  slack.  Thus  with  14 
per  cent,  of  slack  the  length  of  the  cable  lifted  will  be  4-89  times  the  depth  to 
which  it  is  raised.  Thus  in  2  miles  of  water  about  9'8  miles  of  cable  will  be 
lifted,  the  weight  on  the  grapnel  will  be  6'86  tons,  but  the  strain  on  the  cable 
will  be  only  one  component  of  this  weight  resolved  in  the  direction  of  the 
tangent  to  the  curve  at  the  grapnel ;  this  strain  will  be  5'5  tons.  Thus  it  is 
clear  that  in  calm,  weather,  with  14  per  cent,  slack,  the  cable  can  be  lifted  from 
a  depth  of  two  miles.  This  was  actually  done  upon  one  occasion  ;  but  owing  to 
pitching  of  the  ship  the  cable  parted,  and  was  successfully  recovered  by  the 
obvious  device  of  grappling  the  cable  in  two  points  about  2£  knots  apart,  and 
breaking  the  cable  at  the  point  furthest  from  laud ;  the  loose  end  then  hung 
down  over  the  other  grapnel,  and  it  is  obvious  that  by  this  plan  the  strain  on 
any  cable  in  any  depth  can  be  limited  to  the  simple  weight  of  a  length  of  cable 
hanging  from  the  surface  to  the  bottom.  The  Atlantic  cables  will  bear  five 
times  the  strain  due  in  this  manner  to  2  miles  of  depth,  and  for  this  operation 
the  margin  of  strength  is  also  ample.  The  cable  is  hauled  in  by  machinery  ver}^ 
similar  to  that  adopted  for  paying  out ;  the  drum  being  simply  turned  in  the 
opposite  direction  by  a  steam  engine,  if  only  a  small  length  is  to  be  picked  up. 
If  many  miles  are  required,  the  cable  is  transferred  to  the  bow,  and  hauled  up 
by  a  double  drum  to  avoid  the  fleeting  necessary  on  a  single  drum.  The  friction 
of  the  water  during  this  operation  adds  to  the  strain  :  thus  with  the  value  of 
qi  previously  found,  at  1  mile  per  hour  the  friction  per  mile  would  be  0'81  cwt., 
adding  in  a  depth  of  2  miles  1"6I  cwt.  to  the  strain  due  to  the  simple  weight ; 
besides  this  there  is  some  resistance  due  to  the  displacement  of  the  water  by 
the  bight  of  the  rope  at  the  bottom,  and  some,  extra  weight  due  to  the  fact 
that  the  cable  hangs  in  a  catenary,  not  in  a  straight  line.  The  length  of  this 
catenary  depends  on  the  rate  at  which  the  cable  is  hauled  through  the  water ; 
but  even  after  allowing  for  all  these  things,  the  strength  of  the  cable  is  from 
three  to  four  times  greater  than  the  strain  which  in  fair  weather  need  come  on 
the  cable  when  being  picked  up  from  a  depth  of  2  miles  ;  a  margin  of  strength 
not  unfrequently  adopted  even  in  permanent  engineering  works.  It  was  by 
calculations  like  these  that  before  the  18G5  cable  had  been  recovered  in  1866, 
the  speaker  was  able  to  write  in  the  Times  of  August,  1865,  "  If  the  cable  re- 
tain its  strength,  as  it  probably  will,  it  caH  certainly  be  raised;"  and  now  that 
experience  has  confirmed  theory,  engineers  are  justified  in  looking  forward  with 
great  confidence  to  the  continued  prosperity  and  extension  of  deep-sea  telegraphy. 
The  following  tables  give  some  further  information  as  to  the  French  Atlantic 
cable  about  to  be  laid,  which  will  cover  50  acres  of  ground,  being  a  narrow  strip, 
3,534  knots  long,  and  a  little  more  than  an  inch  wide. 


Table  III.- 


•Lengths  and  Weights  ov  Materials  used  in  French 
Atlantic  Cable. 


Knots. 

Copper    wire     24,948 

Gutta-percha     3,564 

Jute   serving     — 

Homo,  wire      27,222 

Iron  wire 9,941 

Total  iron  and  homo,  wires  ...  37,163 

Manilla   strands       136,110 

Clark's  compound     881 

Deep-sea  cable        2,643 

Shallow-water    cable      921 

Total  cable        3,564 


Tons. 

533 

549 

500 

1872 

2855 

4727 

1286 

652 

4366 

3881 

8247 


Table  IV. — Lengths  of    Existing  Cables. 

Atlantic    (two)         

Malta,  Alexandria  (two)         

Persian   Gulf    

Home  seas        

Miscellaneous  (approximate)         


Total 


Knots. 
3718 
2254 
1308 
1277 
1350 

9937 


THE  COAL-MINES  OF  SCOTLAND. 

Mr.  Ralph  Moore,  in  his  report  of  the  mines  and  collieries  in  the  eastern 
district  of  Scotland,  for  tho  year  ended  31st  December  1808,  shows  that 
there  were,  in  and  about  coal-mines  there,  13  lives  lost.  The  number  of 
male  persons  employed  was  211,000.  Tho  number  of  women  working  00 
the  surface,   688j   the   quantity   of  coal    raised,    8, 4.1G,OX  I  tons  ;   and  tho 

quantity  of  ooal  raited  for  ever]  life  lost,  L86,6fr8  tons.    In  inspected  iron- 

si iinr  inincB  one  life  was  lost.  The  loss  of  lite  last  yonr  was  less  than  in 
1867,   and  the  quantity  of  coal  for  every   life  lost  was  above   the  average. 

ball  I  of  roof  and  coal  are  still  tho  most  IVo|Uciit  cause  of  death.  Ilirreworo 
boiler  explosions  las(  year- -one  at  llo'ness  and  the  oilier  at.  .Motherwell. 
Both    were  high-pressure    boiler  i,  ."ill.  diameter,    ;! -in.  plates.      The   former 

bad  been  bwenfcj  years  and  thelattt-i  fifteen  years  in  use.  1 1 .  did  not.  apneas 

that  either  of  tliem  had  been  short  of  water,  and,  BXCI  pting  the  worn-out 

conditions  of  the  boilers,  thero  was  nothing  to  accouut  for  the  aaploaloaa. 

4.  qneition  arose  out  of  the    llo'ness  explosion    as    t .<>  compliance    With    the 

L8tu  general  rule,   which  reqoirea  that  every  boiler  shall  be  provided 

with   a  proper  steam  gauge.     At   tho  suggestion  ol    the  Crown   counsel, 
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I  sent  a  circular  to  the  coalmasters  in  my  district,  requesting  them  to  put 
a  steam  gauge  on  each  boiler.  Many  of  them  have  already  complied,  and 
others  are  doing  so.  The  shaft  accidents  are  still  high,  and  are  doubtless 
in  part  owing  to  the  increased  number  of  shafts  necessary  for  compliance 
with  the  statute.  I  have  taken  every  opportunity  of  examining  such  boys 
as  came  under  my  notice  as  to  the  educational  provisions  of  the  statute. 
The  practice  appears  to  me  not  to  allow  any  boy  to  enter  the  pit  until  lie 
is  twelve  years  of  age.  I  have  found  boys  under  that  age,  but  they  could 
generally  read  and  write,  and  I  believe  there  are  not  many  young  boys  who 
go  down  the  pits  in  this  district  without  being  able  to  read  and  write  a 
little.  In  scarcely  an  instance  did  the  boys  attend  a  night  school.  As  a 
general  rule,  boys  get  all  the  education  they  are  likely  to  get  before  they 
enter  the  pit.  There  can  be  no  doubt  it  would  inflict  a  hardship  on  many 
a  man  struggling  to  bring  up  a  large  family  to  compel  him  to  dispense 
with  the  services  of  his  boy  until  twelve  years  of  age,  but  there  can  be  as 
little  doubt  as  to  the  benefit  to  the  boy.  Education  at  the  colliery  villages 
is  both  cheap  and  plentiful.  There  are  plenty  of  good  schools,  with  good 
teachers,  convenient  to  the  villages  where  the  parents  reside.  Last  year, 
there  were  147  companies  working  coal  in  the  district,  some  of  them 
raising  more  than  400,000  tons  of  coal  annually,  and  some  of  them  less  than 
5,000  tons.  As  the  result  of  a  careful  estimate,  I  find  that  of  the  persons 
employed,  every  fifteenth  person  is  employed  in  looking  to  the  safety  of  the 
others  in  the  shape  of  manager,  overman,  deputy-overman,  fireman,  and 
overlooker.  There  are,  therefore,  in  this  district  2,000  persons  employed 
by  those  companies  to  keep  the  pits  safe  for  29,684  persons  engaged  in 
and  about  mines  in  working  and  conveying  coal  from  the  face  until  it  is  put 
into  waggons  at  the  surface.  Where  the  safety  of  the  persons  employed 
does  not  depend  upon  themselves,  it  depends  upon  these  2,000  persons,  and 
the  degree  of  safety  which  they  afford  depends  upon  the  discipline  and 
control  exercised  by  the  owners  and  principal  agents,  who  alone  have  the 
control  of  this  large  staff.  No  important  alteration  can  be  made  unless 
they  sanction  it.  They  propose  the  special  rules,  and  can  make  applica- 
tion for  their  amendment  at  any  time ;  and  it  is  in  their  power,  either  by 
their  own  observation,  or  by  employing  other  skilled  persons  to  do  it  for 
them,  to  see  that  the  special  rules  are  observed,  and  that  proper  dis- 
cipline is  maintained  by  the  regular  staff.  The  opening  up  of  new  pits 
has  kept  up  the  demand  for  miners,  and,  as  a  natural  consequence,  wages 
have  not  been  reduced. 

Mr.  Alexander's  report  upon  the  mines  and  collieries  in  the  West  of 
Scotland  contains  the  following : — For  the  past  year,  the  number  of  col- 
lieries in  operation  has  been  203  ,•  the  persons  employed  in  and  about  them 
were  21,160 ;  and  I  estimate  the  total  produce  of  coal  and  dross  at 
6,253,875  tons.  The  fatal  accidents  connected  with  these  works  were 
forty,  causing  the  loss  of  a  like  number  of  lives.  Of  these,  eighteen  were 
married  men,  whose  untimely  death  left  eighteen  widows  and  twenty-eight 
fatherless  children  unprovided  for ;  fifteen  were  single  or  unmarried,  and 
seven  were  boys.  Though  the  number  of  fatal  accidents  for  the  past  year 
has  been  slightly  in  excess  of  1867,  it  is  still  under  the  general  average, 
and  compares  with  former  years  favourably.  The  loss  of  lives  from  ex- 
plosions of  fire-damp  were  four,  and  of  these  at  least  three  happened 
through  recklessness  and  neglect.  The  quantity  of  gas  causing  the  acci- 
dent in  each  case  was  trifling,  and,  with  one  exception,  the  sufferers  sur- 
vived their  injuries  for  some  days  after.  More  stringent  observance  of  the 
special  rules  would  prevent  the  recurrence  of  all  such  distressing  events. 
One  of  the  most  important  precautions  in  connection  with  this  branch  of 
mine  management  is  to  carry  out  a  systematic  examination  of  the  working 
places  every  morning  before  the  workmen  are  allowed  to  enter  them.  I 
find  that  the  best  way  to  do  this  is  to  provide  that  the  engineraan  shall  not 
allow  the  descent  of  workmen  into  the  colliery  on  any  morning  till  after 
the  fireman  has  made  his  underground  examination,  and  has  signalled  to 
the  surface  to  that  effect.  With  this  precaution,  however,  there  is  still  the 
difficulty  of  proving  or  knowing  that  the  fireman  has  faithfully  performed 
his  duty.  It  would  narrow  the  likelihood  of  such  an  omission,  and  form  a 
satisfactory  check,  if  an  additional  rule  was  introduced  compelling  the 
fireman  of  each  wing  to  leave  his  mark  or  the  date  of  examination  with 
chalk  on  the  face  of  the  coal  in  every  working-place.  The  accidents  from 
falls  of  coal  and  roof  were  exactly  50  per  cent,  of  the  whole,  or  rather 
under  the  average  of  bygone  years,  and,  with  two  exceptions,  they  hap- 
pened to  the  sufferers  while  working  at  the  coal  face,  or  while  engaged 
taking  down  part  of  the  roof  and  securing  it.  In  shafts  the  accidents  are 
also  under  the  average  of  former  yeai-3.  Three  fell  away  from  the  cage  or 
kettle  on  which  they  were  being  lowered  or  raised,  two  fell  from  the  sur- 
face, one  was  thrown  off  a  scaffold  while  making  repairs  in  the  shaft,  and 
another  by  mistake  pushed  a  hutch  into  the  wrong  division  of  the  slwfc, 
and  fell  to  the  bottom  with  it.  It  is  discouraging  year  after  year  to  have 
to  call  attention  to  loss  of  life  in  the  way  last  described;  and  if  the 
general  rule  were  introduced  enforcing  the  use  of  self-acting  guards  or 
wickets  at  all  pits  where  coals  are  put  out,  this  description  of  accident 
would  forthwith  cease  to  be  heard  of.  The  fatal  accidents  of  a  miscellane- 
ous character  and  above  ground  have  been  much  in  excess  of  the  average 


of  past  years.  In  ironstone  mines  and  the  coal  measures,  worked  in  con- 
nection with  coal  or  with  any  disused  or  exhausted  coal-mine,  the  fataS 
accidents  were  four.  Of  these,  two  were  occasioned  by  falls  of  roof,  one 
by  the  breakage  of  a  crane  rope,  and  one  by  a  stroke  from  his  punch  or 
lever,  which  slipped  while  he  was  using  it  to  force  off  a  piece  of  ironstone 
at  the  face  of  his  place.  The  accidents  of  a  non-fatal  kind  which  have 
been  reported  from  every  description  of  mine  were  237;  explosions  of  fire- 
damp, 80;  falls  of  coal,  ironstone,  and  roof,  112;  in  shafts,  16;  and  from 
miscellaneous  causes  and  above  ground,  29.  Improvement  in  the  working 
details  of  the  colieries  generally,  though  not  accompanied  by  a  marked 
diminution  of  loss  of  life,  is  gradually  advancing,  and  the  mines  of  1868  are 
unquestionably  superior  in  point  of  management  and  skilful  appliances  to 
those  of  twenty  years  ago.  The  standard  of  good  management  is  not 
strictly  speaking,  to  be  measured  by  the  amount  of  loss  of  life ;  for  it  is  a 
well-known  fact,  that  the  greatest  number  of  accidents  do  not  always 
happen  in  the  worst-managed  mines.  There  is  something  connected  with, 
underground  labour  incompatible  with  safety ;  and  we  have  it  from  un- 
doubted statistics  that  a  certain  number  of  lives  will  be  lost  annually, 
ranging  from  five  to  ten,  for  every  million  tons  of  coal  raised.  What  the 
real  amount  of  risk  is,  independent  of  recklessness  on  the  part  of  the 
sufferers,  or  neglect  on  the  part  of  management,  will  probably  vary  in 
different  mineral  fields  ;  but  I  believe  that  it  will  be  a  long  time  before 
the  fatalities  in  the  mines  of  this  country  will  average  fewer  than  five  or 
six  for  every  million  tons  of  coal  raised,  and  in  the  most  favourable  situa- 
tions, and  with  the  greatest  care  not  less  than  four.  There  is  another 
point  of  view,  however,  and  perhaps  a  more  cheering  one,  from  which  to 
measure  the  progress  of  improvements  as  affecting  life,  and  that  is  to  con- 
sider whether  the  average  age  which  persons  continue  to  labour  in  mines, 
has  not  been  extended.  I  cannot  adduce  evidence  of  a  satisfactory  kind 
but  I  am  of  opinion  that  it  has  been  lengthened  from  a  sixth  to  a  seventh. 
The  fatal  accidents  which  took  place  in  1868  happened  to  persons  while 
labouring  in  and  about  mines,  whose  ages  averaged  sixty-four,  and  ranged 
from  sixty  to  sixty-nine  years. 


ON   THE   SUBSTITUTION  OP  SODIUM   FOR  PHOSPHORUS  IN 
LUCIFER  MATCHES. 

Dr.  H.  Fleck,  of  Dresden,  has  instituted  a  series  of  experiments  with  the 
view  to  obtain  a  non-poisonous  paste  for  application  to  lucifer  matches.  He 
ascertained,  by  some  preliminary  experiments,  that  sodium,  when  minutely 
divided  along  with  explosive  substances,  becomes  highly  inflammable  when 
simply  moistened  with  water.  A  mixture,  constituted  according  to  the 
formula — 

(KO,N05) + Na  +  2C=  (KO,C02 + NaO,CG2)  +  N, 

formed  a  grayish-coloured  mass,  which,  on  being  touched  with  a  moistened 
glass  rod,  ignited  like  gunpowder ;  tbis  mixture  was,  however,  found  to  be 
unfit  to  ignite  ordinary  brimstone  matches,  or  a  cotton  wick  soaked  in 
petroleum.  In  order  to  mend  tbis  defect,  black  sulphuret  of  antimony  was- 
substituted  for  the  charcoal,  according  to  the  formula — 

3(KO,N05)  +  Na +  (SbS3)  =  (NaO,SbOs)  +  3(K0,S03)  +  3N, 
and  the  mixture  made'up  of — 

0"5    grammes  of  sodium  =  4"65  percent. 

66-0  "  nitrate  of  potash =61-39         " 

36-5  "  sulphide  of  antimony =33*96         " 

Provided  that  during  its  manufacture  this  mixture  is  kept  thoroughly 
dry,  it  has  been  found  to  answer  admirably  well.  The  mode  of  making  it 
up  is  briefly  as  follows  : — Pure  solid  paraffiue  is  put  into  a  well-stopped 
glass  flask,  and  melted  over  a  sand  bath ;  when  fluid,  clean  pieces  of  sodium 
are  added,  and  liquefied  under  the  paraffine.  As  soon  as  the  metal  is 
thoroughly  liquefied,  the  flask  is  closed  and  shaken  for  about  ten  minutes, 
which  has  the  effect  of  granulating  the  metal,  or  rather  reducing  it  to  a 
fine  powder.  The  metal  is  then  poured  out  of  the  flask  along  with  the 
paraffine,  and  the  sodium  taken  out  of  the  paraffine  by  means  of  a  clean 
dry  spoon ;  from  30  to  35  per  cent,  of  paraffine  remains  adhering  to  the 
metal ;  this,  however,  does  not  impair  its  inflammability,  while  it  tends  to- 
preserve  the  metal. 

Owing  to  this  increase,  instead  of  5  grammes,  6.6  grammes  of  the 
metallic  powder  thus  obtained  must  be  weighed  off.  The  incorporation  with 
the  other  ingredients  previously  well  dried  and  warm,  is  effected  under 
petroleum  in  metallic  mortars,  but  each  of  the  substances  is  first  mixed  with 
some  petroleum,  and  pulverized  separately  before  being  triturated  with  the 
sodium ;  instead  of  gum  or  glue,  caoutchouc,  previously  soaked  in  light 
petroleum  oil  at  110  deg.  C.  for  ten  or  twelve  hours,  is  used  as  mass  to  form 
an  adhesive  paste  with  the  other  materials.  According  to  several  accounts 
from  Germany,  this  plan  of  substituting  sodium  for  phosphorus  has  been 
favourably  taken  up  by  some  of  the  largest  and  leading  manufacturers  of 
lucifer  and  fusee  matches.  There  is  said  to  be  not  the  least  danger  in  the 
transport. — Duische  Industrie  Zeitung. 
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REVIEWS  AND  NOTICES  OF  NEW  BOOKS. 

The  Handbook   of  Iron   Shipbuilding.      By  Thosias  Smith,   M.I.N.A. 
London  :  E.  and  F.  N.  Spon. 

It  is,  unfortunately,  seldom  that  we  find  men  eminent  in  their  profession 
willing  to  benefit  the  public  by  their  knowledge  which  has  been  acquired 
during  many  years  of  varied  experience.  It  is,  indeed,  too  generally  the 
fact  that  such  knowledge  is  jealously  guarded  by  them,  and  the  only 
method  by  which  anyone  can  acquire  it,  is  to  undergo  similar  training,  *nd, 
by  picking  up  a  "wrinkle"  every  now  and  then,  gradually  to  become 
proficient.  In  this  case,  however,  the  author,  with  a  generous  independence 
that  cannot  be  too  highly  praised,  and  which  evidently  arises  out  of  a 
certain  consciousness  of  superiority  in  his  profession,  has  given  to  the 
public  a  large  amount  of  exceedingly  useful  information  which  has  hitherto 
been  most  religiously  kept  secret.  Although  this  work  is  but  small,  it 
appears  to  teach  everything  requisite  for  building  an  iron  vessel;  not  only 
giving  dimensions  and  a  full  textual  explanation  of  every  part  of  a  ship, 
from  the  keel  to  the  framing  of  the  hatches,  but  illustrating  such  of  these 
explanations  as  may  require  it  by  simple  drawings  that  it  is  impossible 
to  misunderstand. 

In  the  second  part  of  the  work,  besides  tables  of  weights  and  results  of 
experiments  upon  the  strength  of  ships'  beams ;  a  vast  amount  of  informa- 
tion is  given  as  to  the  cost  of  vessels  of  various  sizes,  both  as  regards 
material  and  wages,  every  detail,  even  to  the  fitting  up  berths,  being 
priced  separately.  The  author  has  forseen  an  objection  that  might  be  urged 
against  the  usefulness  of  giving  prices — viz.,  that  the  price  of  labour  varies 
considerably  in  different  districts — by  giving  examples  of  the  cost  of  labour 
on  an  iron  vessel,  not  only  in  London,  but  also  on  the  East  coast,  at  Liver- 
pool and  on  the  Clyde  ;  thus  making  this  portion  of  the  work  equally  use- 
ful for  all  parts  of  the  country.  From  what  we  have  said,  it  will  he  seen 
that  we  esteem  this  book  very  highly,  and  consequently  we  strongly  recom- 
mend it  to  all  shipowners,  shipbuilders,  inspectors,  shipmasters,  foremen, 
and  all  who  wish  to  know  how  a  ship  ought  to  be  built  orwhat  it  ought 
to  cost. 


Modern   Practice  of  the  Electric   Telegraph.     By  Fkane  L.  Pope.    New 
York.     Russell  Bros. 

This  is  a  good  practical  work  on  telegraph  practice,  chiefly  with  reference 
to  the  Morse  system,  which  is  almost  universally  adopted  in  America.  It 
describes,  by  the  aid  of  a  great  many  excellent  engravings,  the  various 
apparatus  in  use,  and  the  principle  upon  which  they  act ;  also  the  methods 
of  testing  for  disconnections,  leakages,  &c,  and  the  various  instruments 
employed  for  those  purposes.  There  is  also  a  chapter  on  telegraph  con 
struction,  the  hints  contained  therein,  so  far  as  regards  land  lines,  being 
of  a  thoroughly  practical  and  useful  character.  The  chapter  for  learners 
contains  a  very  simple  set  of  instructions  as  to  how  to  transmit  messages 
by  the  Morse  alphabet,  and  where  that  system  is  in  force,  will  doubtless 
be  found  exceediugly  valuable. 


Bibliothbque    des     Professions  Induslrielles    et    Agricoles.      Edited    by 
Euoene  Lacboix.     Paris  :  54,  Hue  des  Saintes-Peres. 

THIS  latest  scientific  publication  of  M.  Eugene  Lacroix — the  indefatigable 
editor  of  the  Annates  du  Genie  Civil  and  the  Etudes  sur  V Exposition — is 
calculated  to  considerably  enhance,  not  only  his  own  already  well-earned 
reputation,  but  also  those  of  the  able  contributors  by  whom  he  has  been 
assisted.  Although  the  lust-mentioned  work  (Etudes  sur  V Exposition)  is 
not  quite  finished,  there  being  one  mom  volume  and  the  index  unpublished, 
M.  Lacroix  hu  already  published  several  volumes  of  a  new  work,  entitled 
Bibliothbque  des  Professions  Induslrielles  et  Agricoles,  which  appears  to 
embrace  a  largo  field  of  subjects.  Thus  the  Theorie  Mi'canique  de  la 
Chaleur,  which  is  translated  from  the  German  of  Professor  Clausing  into 
French  by  Dr.  folic,  is  a  very  elaborate  and  complete  treatise  upon  this 
difficult  subject,  but  one  which  is  most  important  to  engineers  and  all  in- 
terested in  the  economy  of  fuel.  'I he  second  part  of  this  treatise  relates 
to  the  relation  of  the  mechanics]  theory  of  heut  to  electricity.  The  next 
volume  is  upon  a  different  subject,  lieing  an  Exxai  sur  V administration  des 
enterprises  industriellcs  et  commercialcs,  by  M.  Linool,  and  will  be  found 
of  great  assistance  to  capitalists  and  mnnagers  of  commercial  enterprises  of 
every  description.  A  chapter  entitled  "  Du  rapport  t  litre  i  ntreprenenrs  ct 
employes,"  in  which  the  rights  and  obligations  of  employers  and  employed 
is  considered,  is  well  worthy  the  attentive  perusal  of  both  classes  there 
indicated. 

Another  excellent  little  treatise,  entitled  "Armes  et  poudrc  de  chassc," 
by  M.  Louis  Roux,  who  is  both  an  engineer  and  an  enthusiastic  sportsman, 


will  be  found  useful  to  those  who  wish  to  understand  the  difference  between 
the  various  descriptions  of  guns  and  gunpowder.  The  last  volume  of 
this  series,  or,  rather,  the  latest  that  has  as  yet  been  published,  "  Cai net 
de  l'inge'neur,"  is  somewhat  similar  to  the  various  engineers'  pocket-books 
published  in  this  country,  and  the  fact  of  it  having  attained  to  its  14th 
edition  is  a  sufficient  proof  of  its  value. 


The   Puthven  Hydraulic  Propeller   versus  the  Screw   and  Paddle.    London  : 

J.  Haddon  &  Co. 
This  pamphlet,  which  the  author  has  been  too  modest  to  own,  proceeds 
from  the  "  Ruthven  Hydraulic  Propeller  office,"  and,  as  might  be  expected, 
is  devoted  to  the  task  of  proving  that  the  Ruthven  propeller  is  the  best 
method  of  propulsion  in  existence.  In  order  to  accomplish  this  feat,  it 
has  to  be  demonstrated  that  the  Admiralty  experiments  with  the  hydraulic- 
propelled  Waterwitch  and  the  screw  vessels  Viper  and  Vixen  were  erro- 
neous. This  is  done  by  asserting  that  in  the  Waterwitch,  at  the  time  of 
the  trials,  there  was  an  enormous  leakage  of  steam,  although  Mr.  Murray 
could  not  discover  it.  Considering  the  eminence  of  Mr.  Murray  in  his 
profession,  and  also  that  the  engines  were  one  of  Messrs.  Dudgeon's  best 
jobs,  it  requires  a  considerable  amount  of  credulity  to  accept  the  assertions 
contained  in  this  pamphlet. 


The  Smoke  Nuisance  and  its  Remedy  by  means  of  Water ;  with  remarks 
on  Liquid  Fuel.  By  C.  J.  Richaedson,  Architect,  &c.  London : 
Atchley  and  Co.,  106,  Great  Russell-street,  W.C. 

"If  we  look  out  on  a  fine  summer's  day  through  the  louvre  boards  at  the 
top  ot  the  Crystal  Palace  for  a  view  of  the  great  metropolis,  we  naturally 
exclaim, '  I  see  it — there  is  the  smoke.'  "  is  the  remark  of  a  clever  writer. 
The  object  of  this  pamphlet  is  to  change  this  natural  remark  into  an  ab- 
surdity, by  showing  how  the  smoke  from  domestic  chimneys,  as  well  as 
manufactories,  may  be  altogether  prevented.  This,  the  author  proposes  to 
accomplish  by  so  arranging  the  flue  that  water  through  a  fine  rose  may 
play  upon  the  smoke  before  it  passes  out  into  the  air.  No  doubt  by  this 
means  the  solid  particles  in  the  smoke  would  be  arrested,  but  we  fear  the 
expense  would  be  too  great  to  ensure  its  general  adoption.  The  author, 
by  means  of  a  number  of  drawings,  shows  various  methods  of  accomplish- 
ing his  object,  and  contends  that  in  this  moist  climate  the  rain  would 
supply  sufficient  water.  This,  however  we  consider  very  doubtful,  but 
would  recommend  our  readers  to  peruse  the  work,  as  there  are  many  very 
useful  suggestions  contained  in  it. 


State  Emigration.  An  Essay.  By  Edvvabd  Jeneins,  Barrister-at-law. 
2nd  Edition.  London  :  National  Emigration  Aid  Society,  16,  Northum- 
berland-street, W.C. 

The  consideration  of  this  subject  has  within  the  last  few  years  been  forced 
upon  all  classes  in  Great  Britain  from  the  excessive  depression  iu  the 
labour  market  caused  by  the  stagnation  in  trade.  The  author,  having  had 
experience  in  the  colonies  as  well  as  at  home,  speaks  with  authority,  and 
points  out  very  forcibly  the  advantages  of  emigration,  not  only  to  those 
wdio  are  suffering  from  want  of  employment,  but  collaterally  to  the  Govern- 
ment itself,  and  thus  induces  an  argument  in  favour  of  an  Imperial  loan. 
So  far  as  regards  the  advantages  of  emigration,  we  can  from  experience 
thoroughly  agree  with  him.  It  is  well  known  that  the  vast  majority  of 
intending  emigrants  are  exceedingly  helpless,  both  as  regards  the  neces- 
sary funds  as  ulso  in  making  proper  arrangements  for  the  journey  and  for 
their  proper  reception  upon  arrival  in  the  colonies — or,  in  other  words,  of 
taking  care  of  themselves.  The  National  Emigration  Aid  Society  has  for 
its  object  the  alleviation  of  both  these  difficulties,  and  we  cordially  invito 
our  readers  to  assist  them  in  carrying  out  such  laudable  purposes. 


Tnr.  Scbz  Canal.— The  arrangements  for  opening  of  the  Suez  Canal  on  Nov.  17th  nro 
fully  developed.  The  Viceroy  of  Egypt  proposes  to  entertain  his  guests  with  unpre- 
cedented magnificence.  On  the  hanks  of  the  canal  are  to  bo  erected  lodges,  constructed. 
fitted,  and  decorated,  ho  as  to  be  repioductivcofthc  characteristics  of  the  several  countries 
to  which  the  gossl  I"  long.  I'ublie  amusements,  theatres,  circuses,  balls,  and  !•  b  are 
to  be  provided  for  tho  recreation  o(  the  assemblage,  which  promises  to  bo  as  brilliant  IS 
varied  in  ii  |  ,  h.ir.i.  ter.  It  is  conlidcnlally  expected  that  tho  Empress  ofthc  Fo 
atto  id  in  person;  if  this  be  the  case  the  Emperor  Frauds  Joseph  of  Auntria  will  he 
ThO  heir  presumptive  of  the  Italian  Crown  will  represent  King  Vict  .r  Bmsnasl ; 
the  King  ..I    I',  |  ,„|  tt  member  of  the  Koyal  family  ;  and  tho  Prince  Of  Wales, 

possibly  accompanied  by  Prince  Arthur  will  represent  Qasefl  Victoria.  The  BTSnt  Is, 
theroforo,  likely  to  bo  one  of  extraordinary  grandeur,  and  will  doubt le  .  pa«  oil  with 
great  iclal.  Its  international  significance  will  warrant  these  manifestations  of  thif  world- 
wide interest. 
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NOTES  AND  NOVELTIES. 


MISCELLANEOUS. 

'  A  novelty  in  Fire  Lighters  has  been  made  the  subject  of  a  recent  patent  by  Mr. 
James  Templeman,  a  manufacturer  of  these  articles  in  Glasgow  and  London,  which  is 
also  applicable  as  a  fire  reviver  and  temporary  heater  for  cooking  and  other  purposes. 
The  main  features  of  the  invention  consist  in  compressing  the  various  solid  and  liquid 
inflammable  substances,  such  as  saw-dust,  and  melted  rosin,  &c,  into  moulds  by  a  lever, 
screw,  or  hydrostatic  press,  into  several  neat  and  suitable  forms  of  calces,  rings,  &c. 
They  appear  to  be  so  clean  and  free  from  smell,  and  really  applicable  for  the  various  pur- 
poses for  which  they  are  intended,  that  any  lady  or  gentleman  may  now  light  or  revive 
their  own  fires  without  soiling  their  fingers. 

A  magnificent  pair  of  shears,  built  up  of  wrought  iron  and  worked  by  double  cylin- 
der steam  crabs,  has  just  been  erected  at  "  Hobb's  Point,"  Pembroke  Dockyard,  by  Messrs. 
James  Taylor  and  Co.,  of  Birkenhead,  the  firm  that  has  supplied,  under  Admiralty  Con- 
tract, the  steam  traction  locomotives  and  steam  cranes  to  Her  Majesty's  dockyard.  The 
shears  erected  at  Pembroke  are  121ft.  in  height,  and  have  been  constructed  to  carry  75 
tons,  suspended  from  their  greatest  elevation.  They  passed  their  test  most  satisfactorily, 
under  the  supervision  of  Captain  E.  Hall,  C.B.,  B.N.,  and  Mr.  J.  J.  Fincham,  of  Pem- 
broke Dockyard. 

A  Big  Blast. — At  Shap  Granite  Works  a  short  time  ago  a  blast  took  place.  With  751bs. 
of  powder,  a  solid  block  of  granite,  measuring  40ft.  by  SOft.  by  15ft.,  and  weighing,  1,500 
tons,  was  blown  from  the  monster  deposit  of  Wastdale  Crag.  Probably  such  an  immense 
mass,  in  one  block,  has  never  been  blasted  before. 

Impobtant  to  Patentees. — The  Lord  Chancellor  has  decided  a  point  of  interest  to 
the  registrars  of  patents.  An  intending  patentee  had  lodged  a  provisional  specification, 
when  another  inventor  filed  one  of  a  similar  description,  and  procured  his  patent  to  be 
first  sealed.  The  former  complained  of  this,  and  argued  that  under  the  circumstances 
the  Attorney  General  should  not  have  allowed  the  second  person  to  file  his  patent.  The 
Lord  Chancellor,  however,  pointed  out  that  there  was  no  law  to  compel  a  person  who 
had  filed  a  provisional  specification  to  proceed  with  his  invention,  and  if  the  applications 
of  other  parties  were  to  be  uniformly  rejected,  the  country  might  be  deprived  of  the 
fruits  of  the  ingenuity  of  many  minds  which  were  working  in  the  same  direction. 

A  beturn  of  the  number  of  vessels  remaining  on  the  register  on  the  31st  day  of 
Docember,  1868,  has  just  been  published  in  a  parliamentary  paper.  The  total  number  of 
sailing  vessels  of  and  under  50  tons  in  England  and  Wales  was  7,502  ;  above  50  tons, 
12,309;  of  steam  vessels  of  and  under  50  tons,  881;  above  50  tons,  1,337.  In  Scotland 
the  number  of  sailing  vessels  of  and  under  60  tons  was  961 ;  above  50  tons,  1,964  ;  of 
steam  vessels  of  and  under  50  tons,  146 ;  above  50  tons,  374  In  Ireland  the  number  of 
sailing  vessels  of  and  under  50  tons  was  947 ;  over  50  tons,  1,018 ;  of  steam  vessels  of  and 
under  50  tons  50;  above  50  tons,  143.  The  number  for  each  port  in  the  United  Kingdom 
and  the  Colonies  are  also  given.  The  total  placed  on  the  register  during  the  year  1868 
1,110,  of  which  number  36  were  colonial-built  and  62  foreign-built  vessels.  The  total 
number  of  British  and  Foreign  sailing  and  steam  vessels  that  entered  and  cleared  in 
English  ports  during  the  year  1868  was  299,695;  Scotch  ports,  52,887;  Irish  ports, 
40,464 

Coal  Cinders,  and  Culm. — A  return  moved  for  by  Mr.  Hussey  Vivian  gives  an 
account  of  the  quantities  of  coal,  cinders,  culm,  and  patent  fuel  shipped  coastwise  from 
the  ports  of  England,  Scotland,  and  Ireland  severally  ;  of  the  quantities  exported  from 
the  same  ports  to  foreign  countries  and  British  settlements  abroad,  and  of  the  quantities 
brought  coastwise  into  the  port  of  London,  and  of  the  quantities  received  coastwise  at 
the  various  ports  of  the  United  Kindom  in  the  year  1867  and  1868.  The  exports  in  1868 
were— coal,  10,497,811  tons;  cinders,  325,066  ton;  culm,  14,927  tons— total,  10,837,804 
tons ;  patent  fuel,  129,258  tons.  The  duties  on  coal,  cinders,  and  culm  exported  were 
wholly  repealed  by  Act  13  and  14  Vict.,  c.  95,  from  14th  August  1850.  The  total  quan- 
tities of  eoal  received  coastwise  was  10,611,705  tons  in  1867,  and  9,751,990  tons  in 
1868. 

Liquid  Fuel  as  a  Substitute  eoe  Coal. — Many  are  justly  sceptical  regarding  the 
advantages  which  liquid  fuel  possesses  as  a  steam-producing  material  for  purposes  of 
locomotion ;  but  few,  if  any,  will  now  deny  its  valuable  properties  as  an  agent  for  im- 
proving several  manufactures,  especially  those  connected  with  iron  shipbuilding.  A 
series  of  experiments  were  made  at  Chatham  last  May,  to  prove  the  capabilities  of  creo- 
sote in  the  process  of  plate  bending,  the  results  of  which  it  may  not  be  uninteresting 
to  detail.  Under  ordinary  circumstances — that  is,  when  coal  is  burnt — it  may  be 
premised,  an  armonr-plate-bending  furnace  requires  to  be  lighted  four  or  five  hours  before 
the  plate  to  be  operated  upon  is  placed  in  it.  One  hour  per  inch  of  thickness  represent- 
ing the  time  occupied  in  heating  the  plate,  it  will  be  seen  that  if  the  experiment  be  made 
with  a  6-inch  plate,  as  in  the  case  to  which  we  are  about  to  refer,  10  cr  11  hours  would 
elapse  between  the  time  the  furnace  was  lit  and  the  time  the  plate  was  ready  for  bending. 
In  the  experiments  made  at  Chatham,  on  the  other  hand,  the  furnace  was  lit  with  the 
liquid  fuel,  and  after  an  interval  of  an  hour  was  sufficiently  heated  for  the  reception  of 
the  plate.  A  6-inch  plate,  7ft.  6in.  long  and  3ft.  wide,  was  then  placed  in  the  furnace, 
and  after  an  hour  and  an  half  was  heated  so  as  to  be  ready  for  bending.  The  supply  of 
vaporised  creosote  was  afforded  to  the  furnace  referred  to  from  a  generator  by  six  jets, 
which  are  introduced  by  small  openings,  a  sufficient  quantity  of  atmospheric  air  to 
support  combustion  being  admitted  at  the  same  time.  In  the  case  of  another  furnace 
for  heating  thinner  plates,  the  liquid  fuel,  which  was  supplied  by  four  jets,  was  drawn 
from  the  same  generator  as  that  mentioned  in  the  case  of  the  larger  furnace.  The 
average  time  occupied  in  heating  half-inch  plates  by  this  means  was  seven  minutes — 
twelve  or  fifteen  minutes  representing  the  time  required  when  the  ordinary  method  is 
employed.  The  rapidity  with  which  the  plates  are  heated  is  not  the  only  advantage 
afforded  by  the  system  in  which  liquid  fuel  is  used.  The  plates  treated  in  the  manner 
described  were  remarkably  free  from  scale,  owing  to  the  absence  of  the  deteriorating 
action  of  the  products  of  combustion  as  they  exist  in  the  case  or  the  ordinary  furnace. 
The  6-inch  armour  plate  mentioned  above,  had  been  three  times  in  the  furnace  in  which 
it  was  bent,  and  still  preserved  a  clean,  smooth  surface.  The  advantage  presented  in 
the  case  of  thinner  plates  when  heated  by  liquid  fuel  and  bent  double  is,  that"  they  do  not 
crack,  as  is  very  often  the  case  when  coal  is  the  heat-producing  agent.  It  is  stated  that 
the  saving  effected  by  this  means,  by  which  deterioration  is  prevented,  would  amount  to 
something  like  10s.  per  ton  of  metal  treated.  The  value  of  the  system  is  also  increased 
by  the  fact  that  in  the  process  described  the  heat  can  be  directed  either  to  the  whole  or 
to  a  part  of  the  plate,  so  that  if  it  is  necessary  to  bend  only  one  end  of  it  the  heat  can 
he  applied  to  that  particular  portion.  The  rate  at  which  the  metal  is  heated  can  be 
accurately  regulated  either  by  increasing  or  diminishing  the  number  of  jets  by  which  the 
liquid  is  supplied.  The  capabilities  of  the  furnace  with  which  the  more  important  ex- 
periments have  been  made  at  Chatham  will  soon  be  more  extensively  tested  when  it  has 
finished  the  work  in  which  it  will  be  shortly  employed — namely,  heating  for  bending  the 
armour  plates  of  the  Sultan,  a  vessel  of  over  5,000  tons  burden. 


The  Mobile  "Register  describe  some  experiments  recently  made  near  that  city,  by  which 
the  following  points  were  considered  as  established : — That  the  entire  okra  plant,  from 
root  to  pod,  is  available  lor  paper  making ;  that  it  may  be  prepared  in  half  the  time 
required  for  rags ;  that  the  pulp  works  as  easily  as  any  other  fibre, — and  better  than 
straw  or  wood;  and  that  the  paper  is  very  strong,  tough,  and  elastic. 

The  fastest  time  between  California  and  Massachusetts  has  been  made  by  a  gentleman 
who!  arrived  in  Boston  on  Saturday  from  San  Francisco,  having  accomplished  the 
journey  in  seven  days  and  eleven  hours,  including  seventeen  hours  detention  on  the 
way. 

It  is  said  that  the  introduction  of  the  water  of  the  Mediterranean  to  the  lakes  by  the 
Isthmus  Suez  has  sensibly  increased  the  hygrometric  humidity  of  the  atmosphere,  and 
that  fogs,  as  dense  as  those  of  Paris,  have  been  observed  in  this  rainless  district. 

!:1The  first  invoice  of  tea  irom  Japan  for  St.  Louis  was  shipped  on  the  10th  May,  thus 
inaugurating  the  overland  trade  with  China  and  Japan. 

California  Caoutchouc.' — There  is  a  caoutchouc  tree  in  a  thriving  condition  not  far 
from  San  Juan  South.  The  iudia-rubber  tree  has  been  generally  considered  a  purely 
tropical  production;  but  climatic  conditions  seem  to  be  quite  ignored  hi  California. 

STEAM  SHIPPING. 

Me.  John  Elder,  of  Fairfield  Ship-building  yard,  Govan,  has  obtained  the  contract  for 
constructing  the  engines  of  H.M.S.  Tenedos,  which  is  now  been  built  at  the  Eoyal  Dock- 
yard Devonport.  They  are  to  be  of  350-horse  power,  and  are  to  be  formed  on  Mr.  Elder's 
patent  expansion  and  condensing  principles. 

LAUNCHES. 

Launch  op  the  "  Invincible"  Abmoue-clad. — A  twin-screw  armour-clad  frigate  for 
the  British  navy  was  launched  from  ihe  building-yard  of  Messrs.  Napier,  at  Glasgow,  on 
Saturday  May  29  noon.  The  Invincible,  as  the  ship  was  named,  is  a  twin  vessel  to  the 
Audacious,  launched  by  the  same  firm  in  February  of  the  present  year.  She  has  been 
built  from  the  from  the  designs  of  Mr.  Eeed,  and  her  dimensions  are : — Length  between 
perpendiculars,  280ft.;  extreme  breadth,  54ft.;  depth  moulded,  36ft.  Her  burthen  is 
3,774  19-94ths  tons  o.m.,  and  she  will  be  fitted  by  the  Messrs.  Napier  with  twin-screw 
engines  of  800  horse-power  collectively.  The  armament  is  intended  to  consist  of  ten 
12^  ton  guns  and  four  64-pounders,  six  of  the  former  being  placed  on  the  main  deck,  and 
the  remaining  four,  with  the  64-pounders,  on  the  upper  deck.  The  guns  are  to  be  con- 
centrated within,  and  effectually  protect  by,  a  strong  armour-plated  battery,  occupying 
the  central  part  of  the  ship,  and  accommodating  six  of  the  heavy  guns  on  the  main  deck, 
and  four  of  those  on  the  upper  deck.  The  whole  of  the  ten  can  be  brought  into  action 
at  once,  and  when  necessary  four  of  them  can  be  trained  forward  or  aft.  The  armour- 
plating  of  the  vessel  is  of  great  strength.  A  broad  belt  of  armour,  eight  inches  thick 
(except  at  the  extremites,  where  it  is  gradually  lightened),  covers  the  vicinity  of  the 
water-line,  and  the  other  parts  of  the  sides  and  the  battery  have  armour  six  inches  thick, 
the  backing  being  a  lOin.  thickness  of  East  India  teak,  supported  by  a  double  plating 
of  one  and  a  quarter  inches  collectively,  with  strong  girders  and  internal  frames. 

On  the  9th  inst.  there  was  launched  from  the  shipbuilding  yard  of  John  Elder,  Esq., 
at  Fairfield,  Govan,  the  Danube  an  iron  screw  steamship  of  800  tons,  builders  measure- 
ment. The  engines  which  are  of  120-h.p.  are  being  fitted  by  the  builder  on  his  patent 
compound  principle.  The  Danube  has  been  built  to  the  order  of  Donald  E.  McGregor, 
Esq.,  of  Leith,  and  is  intended  for  the  Baltic  and  Mediterranean  trades. 

On  the  8th  ult.,  Messrs.  Wingate  launched  from  their  building  yard  at  Whiteinch  a 
handsome  screw  steamer  of  450  tons  named  the  Attalo  for  the  Asia  Minor  Steamship 
Company.  The  Attalo  is  fitted  with  compound  engines  of  80-h.p.  nominal,  Davidson's 
patent  surface  condensers,  with  all  the  latest  improvements  for  economy  of  fuel,  steam 
winches,  steam  windlass  for  raising  anchors,  also  steam  apparatus  for  hoisting  small- 
boats,  and  other  appliances  for  economising  manual  labour.  She  has  also  elegant 
passenger  accommodation,  and  we  have  no  doubt  will  prove  a  great  acquisition  to  the 
fleet  of  the  company.  The  ceremony  of  naming  was  performed  by  Miss  Fanny  Bel], 
daughter  of  Captain  John  Bell,  Craigview,  Ayrshire,  principal  partner  of  the  company. 
On  the  8th  ult.,  the  London  and  Glasgow  Engineering  ana  Iron  Shipbuilding  Company 
launched  from  their  yard  at  Govan  an  iron  screw  steamer  of  the  following  dimensions : — 
Length — keel  and  forerake,  230ft. ;  breadth  moulded,  31ft.;  depth  of  hold  from  top  to 
floors  to  upper  side  of  upper  deck,  22ft. — the  property  of  Mr.  Charles  Williamson  and 
others,  Leith.  As  she  glided  from  the  ways,  she  was  named  the  Craigforth  by  Miss 
Williamson,  Edinburgh,  niece  of  Mr.  Williamson.  The  Craigforth,  was  afterwards  taken 
up  to  Glasgow  to  receive  her  engines,  which  are  also  being  supplied  by  the  London  and 
Glasgow  Engineering  and  Iron  Shipbuilding  Company  on  their  compound  principle.  The 
design  and  arrangement  of  the  machinery  as  adopted  by  this  company  combines  in  a 
peculiar  degree  simplicity  and  perfection  in  construction,  all  the  parts  being  easily  got  at 
when  an  overhaul  is  necessary. 

Launch  oe  a  Steamer. — There  was  launched,  on  the  12th  ult.,  from  the  building 
yard  of  Messrs.  Bowdler,  Chaffer,  and  Co.,  of  Seacombe,  a  very  handsome  iron  screw 
steamer  of  600  tons,  builders'  measurement,  for  Messrs.  McAndrews  and  Co.,  of  London 
and  Liverpool,  and  intended  for  the  Spanish  trade.  The  vessel  upon  leaving  the  stocks 
was  named  the  Movatin  by  Mrs.  James  McAndrews,  the  wife  of  one  of  the  owners. 
The  Movatin  will  be  fitted  with  a  pair  of  engines  of  60-h.p.  collectively,  by  Messrs.  James 
Taylor  and  Co.,  of  Birkenhead.  These  engines  are  on  the  compound  principle  of  high 
and  low  pressure,  and  made  from  the  designs  of  Mr.  George  Hepburn,  of  Liverpool,  un- 
der whose  superintendence  both  the  vessel  and  engines  have  been  constructed.  She 
will  be  fitted  with  a  patent  windlass  by  Messrs.  Napier  Brothers,  and  will  also  embody 
in  the  remainder  of  her  fittings  all  the  latest  improvements  of  the  day.  The  builders 
have  at  present  on  the  stocks  two  more  similar  sized  vessels  to  the  Movatin,  for  the 
same  owners;  also  two  sailing  vessels  of  1,100  tons  each,  and  a  screw  steamer  of  700  tons, 
in  course  of  preparation,  and  intended  for  the  Mediterranean  trade.  The  Movatin  is  the 
sixth  vessel  launched  from  this  yard  within  the  present  year. 

On  the  26th  ult.  Mr.  John  Elder  launched  from  his  shipbuilding  yard,  Fairfield,  Govan, 
the  Cordillera,  a  screw  steam  ship  of  3,000  tons  builders  measurement,  and  600h.p. 
nominal.  The  Cordillera  has  been  built  to  the  order  of  the  Pacific  Steam  Navigation 
Company,  is  sister  ship  to  the  Magellan,  Patagonia,  and  Araueania  lately  launched  from 
the  same  yard,  and  is  intended  for  the  companys  direct  mail  line  between  Liverpool  and 
Valparaiso.  Her  engines  which  are  being  fitted  by  the  builder  are  on  his  patent  com- 
pound principle. 

TRIAL  TEIPS. 

Teial  Teip  oe  the  "  Elaine." — On  Saturday  afternoon,  May  29,  the  fine  new  screw 
steamer  Maine,  recently  launched  by  Messrs.  Harland  and  Wolff,  Queen's  Island,  for 
Messrs.  Frederick  Levick  and  Co.,  of  Newport  and  Newry,  went  on  a  trial  trip  on  the 
lough.  The  machinery  of  the  Elaine  was  fitted  by  Messrs.  V.  and  D.  Coates,  of  the 
Lagan  and  Princes  Dock  foundries.    A  number  of  gentlemen  accompanied  the  builders 
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and  engineers  on  the  trip,  which  was  highly  satisfactory.  Both  vessel  and  machinery 
worked  remarkably  well,  attaining  a  speed  of  eleven  knots  an  hour.  Luncheon  was  pro- 
vided for  the  company  on  board,  and  success  to  the  ship  and  her  enterprising  owners 
cordially  proposed  anil  responded  to.  The  entire  ship,  with  her  machinery  and  outfit, 
is  the  production  of  Belfast  firms.  It  is  intended  with  the  Elaine  to  open  up  a  steam 
coal  trade  between  Belfast,  Xewry,  and  South  Wales.  On  the  Monday  following,  the 
Elaine  left  Belfast  for  her  destination. 

RAILWAYS. 

The  Pacific  Raii.way.— The  Economist  points  out  that  it  is  doubtful  whether  the 
Atlantic  Pacific  Line  will  not,  on  account  of  its  enormous  length,  afford  the  maximum 
of  disadvantage  to  passengers,  and  thus  favour  existing  routes  by  sea  with  a  short  land 
passage.  The  whole  distance  is  given  as  3,305  miles,  and  the  time  of  the  contiguous 
journey  6  days  17}  hours,  which  is  probably  a  longer  strain  than  the  human  constitution 
car;  stand,  the  railway  journey  from  New  York  to  San  Francisco  may  be  beyond  the 
capacity  of  the  large  majority  of  men  and  women,  unless  with  breaks,  which,  however, 
will  greatlv  lengthen  the  time  and  diminish  the  special  value  of  the  railway.  But  apart 
from  this  difficulty,  the  expense  will  be  a  great  drawback  in  competition  with  the  sea 
routes.  Emigrant;,  it  is  stated,  can  now  travel  from  New  York  to  California  by  the 
isthmus  for  £10,  and  the  charge  at  present  contemplated  by  the  railway  is  approximately 
estimated  at  £30— to  be  reduced  after  the  present  month  to  £23.  As  this  is  lfd  of  a 
penny  per  mile,  a  lower  rate  may  be  possible ;  but  the  expense  of  the  isthmus  route  may 
also  be  reduced,  so  that  the  relative  proportion  will  be  preserved.  The  railway  is  certain 
enough  to  be  of  immense  service,  but  it  seems  hardly  possible  that  it  will  ever  get  more 
than  a  share  of  the  New  York  and  San  Francisco  passenger  traffic.  These  difficulties 
will  apply  with  greater  force  to  the  competition  of  the  line  for  through  traffic  between 
Europe  and  China.  Where  the  time  is  equal,  or  nearly  so,  the  prospect  of  the  long  and 
expensive  railway  journey  will  keep  travellers  away,  and  this  prospect  will  be  a  great 
obstacle  to  the  use  of  the  line  even  where  the  advantage  of  time  is  considerable. 

These  are  fifteen  hundred  miles  of  railroad  under  contract  in  Indiana.  That  State 
has  never  made  such  progress  in  the  construction  of  railroads  as  she  is  making  this 
year. 

It  is  stated  that  a  meeting  of  the  promoters  of  the  project  for  a  Brighton  and  Metro- 
politan Railway,  which  was  introduced  last  autumn,  was  held  a  short  time  ago,  and  that 
it  was  determined  to  renew  the  application  to  Parliament  for  an  act  of  incorporation  in 
the  ensuing  session.  Mr.  Bmnlees,  the  engineer,  explained  some  modications  in  his 
plans  of  the  mode  by  which  the  proposed  line  would  enter  Brighton,  which  he  thought 
would  be  acceptable  to  the  town  and  reduce  the  cost  of  construction. 

Teaitt  Sigxais. — The  French  Government  have  paid  great  regard  to  the  requirements 
of  means  of  communication  in  trains  between  passengers  and  guards,  and  the  successful 
trials  of  Mr.  Weir's  pneumatic  system  having  occupied  the  attention  of  the  Emperor  and 
his  Ministers  of  the  Marine,  of  War,  and  of  Commerce,  an  Imperial  commission  of  four 
members  was  recently  appointed  to  consider  its  capabilities.  A  short  time  ago  M.  Couche, 
one  of  the  members  deputed  to  represent  the  commission,  accompanied  by  eminent  rail- 
way engineers,  arrived  at  Dover.  A  special  experimental  train  of  the  full  complement 
of  seven  carriages,  forming  the  tidal  service  trains  run  by  the  London,  Chatham,  and 
Dover  Company  for  the  Paris  through  service,  was  courteously  furnished  by  the  directors; 
and  the  party,  comprising  several  English  engineers  and  other  practical  gentlemen,  were 
conveyed  to  Canterbury  (a  run  of  16  miles).  Signals  were  repeatedly  transmitted  by  the 
various  members  of  the  party  under  various  circumstances,  some  times  being  very 
quickly  repeated,  in  order  to  show  the  efficiency  of  this  system  for  "  talking"  purposes. 
Since  its  trial  before  Colonel  Yolland  in  February  last,  two  important  improvements 
have  been  made,  namely,  an  automatic  means  (by  the  addition  of  a  simple  chain)  of  con- 
veying a  signal  upon  the  accidental  breaking  away  of  any  part  of  the  train  on  the  journey, 
and  an  equally  simple  means  of  making  one  and  the  same  clockwork  bell  perlorm  the 
two  functions  formerly  assigned  to  two  bells.  By  a  little  rod,  merely  turned  from  one 
side  to  the  other,  the  alarum,  which  rings  continuously  in  the  guard's  van  on  the  pull  of 
the  passenger  upon  the  signal  lever  in  the  carriage  compartment,  is  stopped ;  and  the  bell 
afterwards — the  gearing  being  altered — is  struck  only  in  single  strokes  upon  each  com- 
pression of  the  pneumatic  chamber,  so  that  the  guards  can  repeat  the  blows  in  certain 
codes,  like  the  beats  of  the  electric  needle,  and  carry  on  conversation  with  each  other  or 
with  the  driver.  The  whistle  on  the  engine  can  also  be  actuated  at  the  same  time  as  the 
guard's  bolls  by  the  one  and  the  same  pull  of  the  passenger,  who  has  no  slack  to  draw  in 
as  the  rope.jnor  any  muscular  effort  to  make,  as  in  mechanical  systems.  Another  value  of 
the  system  is  that  the  train  can  be  conveniently  started  by  these  signals,  and  thus  the 
effldencj  of  the  practical  apparatus  can  be  tested  before  the  commencement  of  the 
journey  and  at  every  stopping  station  along  the  line  The  French  commissioners 
appeared  to  be  thoroughly  satisfied  with  the  action  of  the  signals  and  with  this  system, 
bringing  forward  no  objections  whatever  against  it. 

DOCKS,  HARBOURS,  BRIDGES. 

Fr.r.ETWOon. — Commt.itcemsht  o»  Docks.— The  commencement  of  these  works  began 
on  the  2nd  ult.,  when  the  first  sod  was  cut.  The  formation  of  docks  at  Fleetwood  will  be 
of  Incalculable  value  in  developing  the  maritime  advantages  and  commercial  conveniences 
of  the  proverbially  safe  harbour  of  the  Wyer.  and  will  materially  contribute  to  the 
prosperity  of  the  town  amPneighbourhood: 

TELEGRAPHIC  ENGINEERING. 

Concessions  have  been  granted  for  a  telegraph  scheme  to  connect  the  ISriti  b  India 
telegraphic  system  with  a  line  from  Ilangkok,  through  Siam  and  Cambodia,  to  Saigon, 
and  thence  to  Cape  St.  James  or  CapePadaran,  from  which  arabmartne  cable  wlfibe 
laid  to  Hongkong;,  The  privileges  obtained  include  exclusive  rights  from  the  French 
authorities  at  Saigon  for  10  yeare,  the  exclusive  right  of  communication  through  Cam- 

90  years,    it  is  anticipated  to  have  Saigon  in  con- 
ncxinn  with  Kuropc  before  tl  exl  yoar,  and  thai  the  connexion  bi  Iwoen  Saigon 

and  Hongkong  may  b  mer  of  1871.    The  London  age 

parties  inten  i  ,  Bremmer  and  i.nycock. 

ATv.i,h;imi,i  nearly   completed  which    will  connect  the   islands   of  S,  illy 

with  the  Land'i  End  I  here  will  be  two  lightahlpi  placed  at  a  nrivi  d 

both  to  the  wrath  and  we  t  of  the  i  able  will  !>•■  - 

in  the  event  of  any  homeward  bound  vassal  making  either  of  these  lightship  . 
be  able  to  report  bar  a  I  ' 

or  any  other  port  oftbe  United  Kingdom,  and  to  reoeiTe  orders  In  many  initan 

leaving  the  Seilly  Inlands. 

APPLIED  CHEMISTRY. 
To  Rkmov»  Arm  stun     Urn  Baste      Coi  a  solcrar  on  a  fabrla  haa  boon 

■illy  or  other.-.  ild,  ammonia  li  applied  to  neutralize  1 

in. -Hi  apnllcatJ t  chloroform  will,  In  almo  tore  tl dglnai 

colour.    The  application  ol  t tonla,  ai  above,  la  common;  thai  "i  chlorolorm  is  hut 

little  known,    Chlmufbriu  will  also  remove  paint  from  tin-  garment  or  clucwii- 
even,  cither,  benzole  or  bi-sulphidc  of  carbon  fail. 


LATEST   PRICES   IN"   THE  LONDON  METAL  MARKET. 


COPPER. 

Best  selected,  per  ton    

Tough  cake  and  tile  do 

Sheathing  and  sheets  do 

Bolts  do 

Bottoms  do 

Old  (exchange)  do 

Burra  Burra  do 

Wire,  per  lb 

Tubes  do 

BRASS. 

Sheets,  per  lb 

Wire  do 

Tubes  do 

Yellow  metal  sheath  do 

Sheets  do , 

SPELTER. 

Foreign  on  the  spot,  per  ton    

Do.  to  arrive , 

ZINC. 
In  sheets,  per  ton 

TIN. 

English  blocks,  per  ton 

Do.  bars  (in  barrels)  do 

Do.refineddo 

Han ca  do 

Straits  do 

TIN   PLATES.* 
IC.  charcoal,  1st  quality,  per  box    .. 

IX.  do.  1st  quality  do 

IC.  do.  2nd  quality  do 

IX.  do.  2nd  quality  do 

IC.  Coke  do 

IX.  do.  do 

Canada  plates,  per  ton 

Do.  at  works  do , 

IRON. 
Bars,  Welsh,  in  London,  per  ton    ., 

Do.  to  arrive  do 

Nail  rods  do 

Stafford  in  London  do 

Bars  do.  do. 

Hoops  do.  do , 

Sheets,  single,  do , 

Pig  No.  1  in  Wales  do 

Refined  metal  do 

Bars,  common,  do 

Do.  mrcli.  Tyne  or  Tees  do 

Do.  railway,  in  Wales,  do 

Do.  Swedish  in  London  do 

To  arrive  do 

Pig  No.  1  in  Clyde  do 

Do.  f.o.b.  Tyne  or  Tees  do 

Do.  No.  3  and  4  f.o.b.  do 

Railway  chairs  do 

Do.  spikes  do 

Indian  charcoal  pig  in  London  do. 

STEEL. 

Swedish  in  kegs  (rolled),  per  ton.... 

Do.  (hammered)  do 

Do.  in  faggots  do 

English  spring  do 

i  m  k  u-ii.yi;k,  per  bottle 

LKA1). 

English  pig,  common,  per  ton 

Ditto.  L.B.  do 

Do.  w.K.  do 

I )o.  sheet,  do 

Do.  red  lead  do 

Do.   white  do 

Do.  pal.  nl   ihot  il" 

Spanish    do 
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LIST  OF  APPLICATIONS  FOB  LETTERS 
PATENT. 

Wf  have  adopted  a  kbw  arrangement  of 
the  Provisional  protections  applied  for 
by  Inventors  at  the  Grbat  Seal  Patent 
Office.  If  anv  difficdltt  should  arise 
with  reference  to  the  names,  addresses, 
OR  titles  oivbn  in  the  list,  thr  requi- 
site information  will  be  furnished,  free 
of  expense, from  the  office, bt  addressing 
a  letter,  prepaid,  to  the  Editor  of 
"  The  Artizan." 


Dated  May  I9th   1869. 

1538  W.  Martin— Perambulators 
15*9  W.  R.  Lake— Gelatine 

1540  G.  Martin — Generating- gases,  &c. 

1541  P.  McGregor—  Spinning 

1542  J.  T.  Lucas— Velocipedes 

1543  J.  E.,  and  A.  Dowsou — Foundations  for  piers, 
bridges,  &c. 

1544  A.  W.  Banks— Velocipedes 

1545  VV.  Mitchell— Felted  cloth 

1546  D.  Roberge — Shoes  for  horses 

1547  G.  V.  Fosbery — Firearms 

1548  F.  Zysel- Velocipedes 

1549  W.  McAd am— Pottery 

1550  W.  M.  Moore— Caps  for  bottles 

1551  J.  Lvinghara — Ash  pans 

1552  W.  F.  Fuller — Securing-  the  doors  of  safes  and 
Btrong  rooms 

1553  J.  Bowman — Fitting's  for  window  blinds 

1554  A.  J.  Dudgeon — Propelling;  vessels 

1555  A.  L.  McGavin — Propelling  vessels 

1556  A.  L.  McGavin — Constructing-  vessels,  &c. 


Dated  May  20th,  1869. 

1557  Z.  E.  Coffin— Valves 

1558  C.  C.  Parker— Cord  tighteners 

1559  G.  Perkin— Castor 

1560  A.  A,  Rossignol — Electric  clicks 

1561  J.  Reid — Communicating'    between  passengers 
and  persons  in  charge  of  railway  trains 

1562  J.  McMillan  and  J.  McGregor— Preservation 
of  iron 

3563  M.  Jarvisand  E.  Mill  ward — Lock  spindles  and 
door  knobs 

1564  T.  Herbert  and  J.  C.  Fowler— Conducting  elee* 
tricity,  &c. 

1565  H    E.  Newton— Coffee  mill 

1566  J.  P.  Nolan — Measuring;  distances 

1567  W.  R.  Lake — H oat- detaching-  apparatus 
1568.  G.  J  ohnston — Spirituous  liquors 

Dated  May  21st,  1869. 

1569  J.  G.  Tongue— Cutting-  wood 

1570  S.  Jackson— Window  shutters 

1571  £.  H.  Pulbrook— Orjfans 

1572  W.  H.  Dupre— Ventilation 

1573  A.  Munro  and  W.  B.  Adamson — Treating  me- 
tallic substances 

1574  J.  Piatt— Brooms 

1575  O.  W.  Siemens — Smelting  ores 

1576  A.  M.  ClarK— Opening  of  eggs 

1577  W.  R.  Lake— Shearing  metal 

1578  C.  J.  Foster— Obtaining  reciprocating  motion 
of  the  cutter  bar,  &c, 

1579  N.  Lawrence— Lighting  cigars 

1580  J.  Hudson  and  C.  Catlow—  Looms 

1581  W.    Morris— Securing   together    the    railB  of 
railways 

Dated  May  22nd,  1869. 

1552  H.  R.  Lum ley— Treating  crude  iron 

1583  R.  Orley— Bedsteads 

1584  J.  Lockwood — Couplings 

1585  E.  T.  Hughes— Horse-shoe  nails 

1586  G.  T.  Bousfield— Casting  iron 

1587  J.  H.  Davis — Ships' compasses 

1588  M.  Tildesley— Sash  pulleys 

1589  S.  Thomas— Envelopes  for  needles 

1590  W.  H.  Bliss— Velocipedes 

1591  L.i  J.   Crossley    and    R.  Hanson — Steaming 
yarns,  &c. 

Dated  May  24th,  1869. 

1592  W.  Furness — Improved  clip 

1593  W.  Mitchell— Grinding  metallic  articles 

1594  B.  F,  Weatherdon— Re  acting  turbine  wheel 

1595  W.  A.  Gilbee— Icehousrs 

1596  M.  H.  De  Goesbriaod— Steam  motors 

1597  E.  T.  Hughes— Brushes 

1598  G,  Salt  and  W.  lnglis — Steam  engine  gover- 
nors, &.C. 

1599  A.  Barclay— Injecting  liquids 

16U0  J.  Brittain — Telegraphic  instruments 

Dated  May  25th,  1869. 

1601  R.  Richardscn — Velocipedes 

1602  J.  Dick— Rolling  mills 

1603  J.  H.  Johnson— Billiard  balls 

1604  J.  Trotman— Driving  bands 


1606  F.  T.  BUke- Obtaining  motive  power 

1607  G.  H.  Hoare— Velocipedes 

1608  A.  McNeile  and  J.  Slater— Improvements  in 
carriage  wheels 

1609  L    Roman— Motive  power 

1610  R.  Wheble— Hats 

1611  R.  Schomburg — Apparatus  for  receiving  cigar 
,    ashei 

Dated  May  26th,  1869. 

1612  M.Benson— Cutting  glass 

1613  \V.  Palliser — Vents  and  screw  nuts 

1614  H.  D.  McMaster  and  A.  Dale— Governor  for 

steam  engines 


1615  T.  Vaughan  and   E.  Watteeu— Nutting  screw 
bolts 

1616  W     Tatham— Doffing,    &c,  the   sliver  of  the 
cardiDcr  engine 

1617  C  E.    Brooman— Bleaching    vegetable  fibres, 
&c. 

1618  J.|D    Brunton-Tunnelliug,  &c. 

1619  C.  F.  Chew— Pianofortes 

1620  J.  J.  Field— Microscope 

1621  C.  HaiiBOu  and  J.   Bottomley — Obtaining  mo- 
tive power 

1622  J.  Cranston— Glass  houses 

1623  J.  Bridges— Lever  lock 

1624  G.  H.  Ellis    Cleaning  boots 

1625  R.  P.  Williams— Fishes  for  fishing   railway 
rails 

1626  F.  H.  Lloyd— Steel  tubes 

1627  E.  G.  Bartholomew — Electrical  apparatus 

Dated  May  27th,  1869. 

1628  L.,   W.,  and  J.  Beesley — Improvements  in 
boilrrs 

1629  J.  Snape— Pumps 

1630  A.  Edlmann — Manufacture  of  peat  for  char- 
coal 

1631  K.  S.  Angel— Tablets  foi  advertising 

1632  F.  A.  Barrow— Purifying  oils 
16(3  D.  Foster— Hollow  shot 

1634  P.  Whiteside — Mowing  machines 

1635  H.  M.  Ward— Spinning  flax 

Dated  May  28th,  1869. 

1636  T.  Biadford— Drying  closets 

1637  C.  Plumb— Ratchet  brace 

1638  H.  A.  Bonneville— Photographic  cartes 

1639  B.  T.  Newn ham— Carnages 

1640  J.  Wilson — Wooden  railways 

1641  J.  Wilson— Wrought    ron 

1642  J.  Bronner   and    H.    Gutzkow— Obtaining   an- 
thracen  out  of  aspbaltos 

1643  S    Prestwich  and  J,  Prestwich— Improvements 
in  velocipedes 

1644  J.  Ingham  and  I.  Butterfield— Apparatus  for 
dressing  warps 

1645  G.    J.    Pedley  aud  H.    Grabowski— Driving 
velocipedes,  &c. 

1646  W.  R.  Lake— Brushes 

lfi47  W.  R.  Lake— Bolts  and  nuts 

1648  G.  F.  Guy— Sheathing  for  ships 

1649  T.  Clarke— Velocipedes 

1650  B.  Garner — Bearings  of  axles 

1651  F.  Brown— Velocipedes 

1652  A.  T.  Fairgrieve— Composition  for  coating  the 
bottoms  of  ships 

1653  J.  Fraeer,  L.  Simon,  and  R.    Simon— Cutting 
pasteboard,  &c. 

Datbd  May  29th,  18W. 

1654  J.  L.  Hancock — Making  hay 

1655  J.  L.  Hanccck — Clipping  horses 

1656  A.  Hemingway — Slide  valves 

1657  E.  J.  Hughes — Preparation  of  cloth  and  yarn 
for  printing  | 

1658  W.   H.  Turner — Lessening*  the    discharge  of 
smoke  from  furnaces 

1659  J.  Humphrey — Iron  keelsons 

1660  J.  Sturgeon— Machinery  employed  in  'getting 
coal,  &c. 

1661  J.  M.  Muterse  and   H.  G.  de   Valory— Extin- 
guishing fires 

1662  A.  A-  Sax — Railway  propulsion 

1663  E.;Davis — Velocipedes 

1664  J,  Smith — Holding  the  bobbins  on  the  tubes  oi 
spinning  frames 

1665  J.  F.  Nicholls— Converting  dining  table  into 
billiard  table 

1666  J.  J.  R.  Humes— Brick  moulds 

Dated  May  31st,  1869. 

1667  J.  Cockshoot,  Jan..  and  H.  Weatherill— Axles 
and  axle  boxes 

1668  P.  Kirk— Puddling  furnaces 

1669  H.T.  Braithwaite—  Velocipedes 

1670  J.  Hanworth  and  H.    Horsfall — Furnaces  for 
steam  boilers 

1671  R.S.  Birtleet— Needle  cases 

1672  B   Littler — Guard  tor  circular  saws 

1673  J.  Bullough  and  C.  Catlow — Improvements  In 
looms 

1674  C.  E.  Brooman— Boilers,  &c. 

1675  G.  Preston  and  J.  Prestige — Lamps 

1676  R  Mathers— Supports  for  beds 

1677  J.  Dockray — Carding  engines 

1678  W.  E.    Newton— Novel    device    for   locking 
stoppers  in  bottles 

1679  D.  Evans — Construction  of  ships,  &c. 
16S0  J.  King— Cinder  sifter 

1681  S.  Birch— Fancy  boxes 

1682  W.    R.  Lake— Propelling  and    guiding  vehi- 
cles, &c. 

16B3  H.  Hoi  dredge— Making  gas 

1684  J.  H.  Johnson— Stoves 

Dated  June  1st,  1869 

1685  F.  A.  Calvert— Obtaining  motive  power 

1686  T.  R  Clarke,  W.  Bywater,  T.  Lawson,  and  C. 
L.  LiBter— Ftlted  fabrics 

1687  A,  Rushworth — Knitting  machine 

1688  C.  H.  Gardner — Lubricator 

1689  O.  Barret  and  G.  P.  Wheeler— Manufacture  of 
mortar 

1690  J.  Warhurst— Closing  the  aperture  of  hinged 
doors,  &c. 

1691  H.Browning — Compositions    for  use   as  var- 
nish 

1692  J.  S.  Stubbs— Steam  engines,  &c. 

1693  C.  F.  Waldo— Sewing  machices 

1694  J.  A.   Bindley — Attemperator  for   union  and 
tunning  casks 

Dated  Jdne  2nd,  1869. 

1695  M.  Wriglej — Prevention  of  accidents    upon 
railways 

1696  R.  B.  Cooley— Hats,  &c. 

1697  J.  Fletcher— Steam  cocks 

1698  J.  Urbain— Candles 

1699  A.  Watt-Printing  surfaces 


1700  G.  V.  Turnbull,  C.  Salvesen,  and  R.  Irvine- 
Preparation  of  lubricants  for  the  treatment  of 
hemp 

1701  H.  J.  B.  Mills— Lr»w-water  indicator 

1702  N.,  G.,  and  E.  Smith- Mode  of  cutting  and 
skiving  letither 

1T03  J.  H.  Smith— Velocipedes 

1704  E.  BemelmanBand  A.  V.  Volxcm— Signals  of 
railways 

1705  F.  R.  A.  Glover— Anchors 

1706  H.  Larkin— Magnesium 

1707  T.  B.  Worth— Carpets,  &c. 

1708  C    Francis- Waggons 

1709  C.  Fraucis— Moorings 

1710  A.  L.  Simpson — Compositions  suitable  for 
treating  Bheep  attacked  by  fly 

Datbd  June  3rd,  1869, 

1711  C.  Ostlund — Lamps 

1712  B.  F.  Weatherdon— Safety  bag 

1713  J.  Htipkinsi.u— Aitificial  fuel 

1714  W.  R.  Lake— Gene  rating' steam 

1715  J  .  Lloyd— Fans  for  ventilating 

1716  J.  Stewart  and  T.  Charlton— Improvements  in 
multitubulous  boilers 

1717  F.  Rave-Method  of  extracting  colour  from 
vegetable  matser 

1718  J.  Taiham— Carding  wool 

1719  W.  V.  Morgan— Crucibles 

1720  E.  Rolfe— Utilising  the  exterior  blank  spaces 
of  envelopes 

1721  J.  H.  JohnBon— Iron 

1722  J.  C.  Norman— Agricultural  implements 
1/23  C.  W.  Petersen— Lifeboats 

Dated  Jdne  4th,  1869. 

1724  J.  Edge— Steam  engines 

1725  E.  S  Jones— Velocipedes 

1726  E.  T.  Hughes— Wood-boring  instruments 
17*7  J.  Fanner — Mowing  machines 

1728  T.  Best- Velocipedes 

1729  W.  H.  Nicholson— Portmanteaus 

1730  G.  W.  Ley— Ornamental  articles  *in  imitation 
of  carving 

1731  J.  Duke— Cement 

1732  E.  M.  Syer-SleeperB  for  the  permanent  ways 
of  railways 

1733  R.  B.  Plum  and  R.  George— Sewing  machines 

1734  F.  Lewis — Bottles  for  perfumes 

1735  G.  E.  King— Fluted  fabrics 
1/36  j    Blomtield— Sewing  machines 

1737  T.  WilkinsandW.Fisk— Apparatus  for  slicing 
cucumbeis,  &c. 

Dated  June  5th,  1869. 

1738  A.  B.  Chiles— Cleaning  wheat 

1739  H.^Dowme-Shoesforhores 

1740  E.G. Brewer — Applicatioaof  breaks  to  railway 
carriage  wheels 

1741  K.Cook — Cleaning  grain 

1742  T.  W.  Arkle— Extracting,  &c,  copper  from 
water 

1743  A.  Wiglesworth— Curtain  poles 

1744  F.  H.  Holmes — Electro  magnetic  machines 

1745  R.  Law — Spinning  frames,  &c. 

1746  A.  C.  Eogert— Mouldings 

1747  H.Kinsey — Surface  condensers 

1748  A.  M.  Clark— Motive  power 

1/49  J  ,  and  S.  W.  Var ley —Treatment  of  wool,  flax, 
silk,  &lc. 

1750  W.  B.  Leach  man — Generating  steam 

1751  F  Hohmann— Sewing  machines 

1752  W.  R.  Lake— Reins 

Dated  June  7th,  1869. 

1753  G.  G.  A.  Fiebaulfc— Electoral  box 

1754  C.  Gall— Furnaces 

1755  B.  F.  Weatherdon— Swivel-coupling  for  nau- 
tical purpoBee 

1756  G.  J.  McKirby—  Stile  or  biped  pass  for  parks, 
&c. 

1757  H.  Smith — Reaping  machines 

1758  F.  Heckner— Sawinar  machinery 

1759  W,  Selleis— Sewiug  machines 

1760  G.  Fenrer— Bits  for  horses 

1761  T.  G.  Greenstreet — Improved  street  sweeping 
machine 

1762  W.  E.  Newton— Apparatus  for  folding  printed 
paper 

1763  E.  Tavernier— Combing  wool 

1764  C.  E.  De  Luriere— Linked  buttons 

Dated  June  8th,  1869. 

1765  A.  Williams— Stoves 

1766  B.  J.  B.  Mills— Obtaining  lithographic  compo- 
sitions 

1767  H.  Carter  and  G.  H.  Edwards— Breech  loading 
firearms 

1768  D.  Cole— Anchors 

1769  M.  Michel— Aerial  navigation 

1770  A.  Gaidiner — Checking  thereceipts  of  omnibus 
guards,  &c. 

1771  VV.  Cublpy — Drawing  boards 

1772  A.  M.  Clark — Propelling  vessels 

1773  V.  J.  Four — Case  Iorcontaining;matche9 

Dated  June. 9ih  1869. 

1774  W.  E.  Gedge— Treating  leather 

1775  R  Roberts— Dentistry 

1776  D.  J.  Field  and  I.  W.  Lister— Compressing 
wool 

1777  J.  Mnbson— Sewing  machines 

1778  A.  J.  Billing— Blind  furniture 

1779  W.  Madders  and  J.  Wood— Machinery  for  em- 
broidering 

1780  J.  T  Twiftge— Velocipedes 

1781  H.W.  Hammond— Hammers 

17S2  A.  St.  Cyr  Radisson— Treatment  of  fatty  mat- 
ters 

1783  E.  Biehop— Shears 

1784  N.  R.  Hall— Weighing  letters,  &tc, 

1785  W.  L.  Wise— Aitificial  fuel 

1736  VV.  Chambers— Refrigerating  and  ventilating 
carriages 

1787  G.  Jobncon— Looms 

1788  R.  Harrison— Squaring  slates       fig*a 


Dated  June  10th,  1869. 

1789  C.  Denbeigh— Velocipedes 

1790  G.  Fry— Treatment  of  wood 

1791  G.  Bedell— Readjusting  ^locomotives  thrown 
off  metals 

1792  J.  Blair— Wadding 

1793  J.  Riley— Roofs,  &c 

1794  T.  Hodgson— Wire  cloth 

1795  J.  Foster  and  J.     Hollinrake— Prevention  of 
smoke 

1796  W  Cook— Photographic   pictures,  &c. 

1797  W.  R.  Lake— Covering  for  noors 

1798  W.  A.  Gilbee— Method  of  cunveyauce  in  pneu. 
rnatic  tubes 

1799  J.  G.  MarehaU— Velocipedes 

1800  G.  W.  Oliver— Explosive  powder 

Dated  June  11th,  1869. 

1801  W.  A.  Lyttle— Eiectro-telegraphic  apparatus 

1802  E.  T.  Hughes— Saws,  &c. 

1803  A.  A.  Ardisson — Stopping  horses 

1804  W.  E- Newton— Drilling  apoaratus 

1805  C.  Stuart  and  W.  Walker— Expanding  ends  of 
tubes 

1806  J.  Hill— Furnsces 

1807  R.  Duckwoith,  W.   Greenwood,  J.  Pearson, 
and  J.  Langtiee — Sizing  yarns 

Dated  Junb  12th,  1869. 

1808  R.  Wilson— Fasteners  for  neckties 

1809  A.  Lafargue— Weighing,  &c. 

1810  J.  H.  Riddell— Joints  for  securiog  together  the 

ends  of  pipes 

1811  G.  W.  Howe-Steam  gauge 

1812  J.  H.  Browc— Helmets, Sto. 

Dated  Junk  14th,  1869. 

1813  C.  Mather— Machinery  for  ginning  and  clean 
ing  cotton 

1814  W.  R.  Lake— Sewing  machines 

1815  L.  H.  Dencis— Cutting  glass 

1816  E.  G.  Brewer— Connecting  pipes 

1817  R.  Brown— Iron 

1818  J  .  Taylor — Floating  and  sliding  top  for  wells, 
&c. 

1819  W.  S.  Underbill  and  J.  Smith-Reaping  and 
mowing  machines 

1820  W.  E,  Newton— Attachment  for  and  actuating 
ships'  pumps 

1821  J.  Young- Slide  valves 

1822  J.G-  Tongue— Shuttles 

1823  W.  R.  Lake— Improvements  'in  machines  for 
sewing  boots 

1824  D.  Fitzgerald— Firing  projectiles  from  a  can- 
con,  &c. 

Dated  June  15th,  1869. 

1825  P.  Jensen — Improvements  in  the  manufacture 
of  glass 

1826  A.  W.  Moss— Brims  or  sunshades  for  attach- 
ing to  hats 

1827  F.  Lejeune — Weighing  machines 

1828  M.  Ueuson— Planing  wood 

1829  M.Benson — Mortising  machines 

1830  M.  Beneon— Band  sawing  machinery  for  saw  - 
ing  wood 

1831  F.  C.  Bakewell— Letter  printing 

1832  W  Smith— Purifying  mineral  oils 

1833  J.  Bastow— Bleaching  yarns ^ 

1834  J.  Lin d ley— Oiling  the  axles  of  trucks  or  wag- 
gons,  &.C. 

1835  H.   Bathgate — Effecting    communication    be- 
tween railway  paasenuers,  &c. 

1836  W.  Yates— Furnaces 

1837  W.  Bottomley— Footsteps,  &c. 

1838  R.  Beecroft— Combing  wool 

1839  J.  Halliw  ell— Improvements  in  hold-backs  for 
carriages 

1840  J.  T.  Masbon — Apparatus  for  carrying  invalid 
persons 

1841  T.  Knowles— Doubling  frames 

1842  H.  Tvlor— Spring  mattresBes 

1843  C.  Stuart— Pulley  blocks 

1844  R.  McHardy— Agricultural  and  garden  imple- 
ment 

1845  D.  Dishart — Sewing  machines 

1846  J.  Tangje— Governors  or  regulators  for  steam 
engines 

1847  B.  Wartski — Waterproof  overcoats 

1848  S.  V.  Fontana — Harmoniums 

1849  W.  R.  Lake — Producing  an  enamelled  surface 
upon  sheet  iron 

Dated  JuNsyeth,  1869. 

1850  G.  W.  Fox— Treatment  of  castor  and  cod  liver 
oils.  &c. 

1851  R,  Hoinsby  and  J.  E.  Fhlilips— Reaping|,'ma- 
chines,  &c. 

1852  R,  Hornsby  and  J.  E.  Phillips— Hay  making 
machines 

1853  W.  Woofe— Ploughs 

1854  E.  Oaidon— Improvements  in  the  construction 
of  ships 

1855  T.  Routledge — Materials  for  the  manufacture 
of  paper 

1856  A.  Destouy — Apparatus  sor  sewing  boots  and 
shoes 

1857  VV.    E.    Newton— Cleansing    and    preparing 
rags,  &c. 

1858  B.  Hunt— Apparatus  for  ventilating  and  puri- 
fying rooms 

1859  C.  Marlor — Improved  pad  for  hats,  and  other 
coverings  for  the  head 

1860  W.  R.    Lake— Method    of  counting   stitches 
made  by  a  sewing- machine 

1861  J.  Kirk.  S.  Shelmerdaine,  and    C.  Froggatt— 
Feltiujj  hats 

1862  J.  H.  Banks— Convertible  desks 

Dated  June  17th,  1869. 

1863  J.  Harding— Mail  bags,  &c. 

1864  W.McNaub— Fasteners  for  bands 

1865  J.  H.  Johnson — Improvements  in  picks, &c. 
1366  J.  H.  Johnson— Sugar 

1867  C.  and  E.  Brightman — Shoes  and  boots 
1S68  W.  R.  Lake — Preparing  sulphates,  &c. 

1869  W.  R.Lake— Stoves, &c. 

1870  S.  Adams— Velocipedes 
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SAUNDERS'  FLOATING  BREAKWATER. 
By  Messrs.  Walpole,  Webb,  and  Bewley. 
(Illustrated  by  Plate  351). 
The  vital  necessity  for  the  formation  of  harbours  of  refuge  in  exposed 
situations  has,  porhaps,  stimulated  the  civil  engineering  talent  of  this 
country  more  than  any  other  kindred  subject.  Undertakings  of  this 
description  are  usually  not  only  gigantic,  but  the  conditions  under  which  they 
must  necessarily  be  constructed,  are  extremely  variable,  and  always  difficult. 
As  a  natural  consequence,  the  opinions  expressed  by  different  engineers 
upon  the  construction  and  conformation  of  breakwaters  aro  equally  various ; 
while  in  practico  it  will  be  found  that  scarcely  any  two  breakwaters  in 
•Ireat  Britain  or  Franco  bear  any  resemblance  to  one  another.  Of  course, 
wo  do  not  tako  into  account  the  cost  of  construction,  as  in  that  particular 
they  bear  a  wonderfully  close  resemblance — in  fact  a  family  likeness.  The 
celebrated  Plymouth  breakwater,  which  requirod  3,3G9,2G1  tons  of  stone 
for  its  construction,  cost  about  1J  millions  sterling,  and  although  it  would 
not  be  safo  to  estimate  tho  cost  of  those  at  Cherbourg,  Alderney,  and 
Dover,  they  may  each  bo  put  down  for  a  very  much  larger  amount.  When, 
howefer,  tho  protection  to  life  and  property  afforded  by  breakwaters  is 
taken  into  account,  they  must  bo  considered  cheap  whatever  may  bo  thoir 
costi  A  moro  formidable  objection  to  the  formation  of  breakwaters  as  at 
present  constructed,  is  to  be  found  in  tho  enormous  length  of  time  thoy 
tako  in  eroction  :  thus  the  Plymouth  breakwater  took  a  whole  generation 
ild  it,  and  as  to  the  Alderney  and  Dover  breakwaters,  although  com- 
menced many  years  ago,  wo  should  bo  oxtremoly  sorry  to  fix  any  dato  for 
their  :.     This   immense  expenditure  of  time  and  money  is  oasily 

accounted  for  by  tho  fact,  that  during  heavy  weather  tho  forco  of  tho  waves 
vablo  surface — or  rather  a  surface  that  it  is  intended  to  bo 
immovable — not   unfrequontly  amounts  to  moro  than   6,00011  is.  per  square 
It  is  evidont,  thoroforo,  that  should  a  hoavy  gale  occur  during  tho 
formation  of    tho  breakwater,  when  tho  masonry  is  not  set,  and  beforo 
I   of    tho  upper    portion   can    be  made  effective,  it   will  almost 
certainly  bo  damagod  to  a  groat  oxtont ;  henco   arises  a  fruitful  source  of 

In  order  to  obviate  the  nocossity  of  encountering  such  dangers  and  diffi. 
cnltie     many  plan    have  from  timo  to  timo  boen  contrivod.    Thus,  as  early 
e  year  IT-  •.•.»,  commenced  at  Cherbourg,  under  the 

superintendence  of  M.  Ce  art,  who  suggested  tho  use  of  large  woodon 
truncated  cones  placed  base  to  baso  and  loaded  with  stones,  They  were 
buill  i  i  .1  and   Boated  b;  dei  lined  |  osition, 

nn'l  '  with  stono    and    sunk.     Tho   hot    m  of   each  cono  was 

150ft.  in  di  ,.ter,  and   the   I" 

7nft„  of  these  eighteen  were  actually  sunk.but  were,  contra  .art's 

;  i''ed  at  considorablo  di  art.    Tho  life  of  this  break 

was  a  very  short  one,   thoso  com  vera  the  furthest  from  any  other 

Buffered  most,  and  woro  entirely  broken  up  within  a 
sion,  while  the  whole  of  them  di 
twenty   years   ago   Mr-   X.   Boardmoro   proposed   to   obviate   tho  danger  of 


building  breakwaters  in  situ,  by  employing  large  wrought  iron  caissons 
upon  which  tho  breakwater  was  to  bo  built  in  some  sheltered  place,  and 
afterwards  towed  to  its  destination  and  sunk  bodily ;  the  iron  caisson  form- 
ing the  foundation  of  tho  breakwater.  Other  somewhat  similar  plans,  such 
as  confining  the  material  in  wooden  boxes,  &c,  have  also  been  employed 
for  a  like  purpose.  In  all  of  these  various  designs  tho  principle  npon  which 
the  broakwater  is  constructed,  is  the  same,  viz.,  that  of  opposing  forco  to 
force,  or  in  other  words,  of  entirely  banking  out  the  water  of  the  ocean 
from  that  of  the  harbour  by  making  a  wall  impervious  to  water,  and  of 
sufficient  strength  to  withstand  tho  shock  of  the  waves.  About  forty  years 
ago  Mr.  White  proposed  the  adoption  of  a  floating  breakwater,  which  con- 
sisted simply  of  several  balks  of  timber  fastened  securely  together,  and 
moored  by  means  of  one  or  moro  anchors  and  chain  cables.  This  form  of 
construction  was  evidently  founded  upon  tho  idea  that  tho  agitation  of  the 
water  is  purely  superficial,  and  therefore  it  was  sought  to  cover  as  large  a 
horizontal  area  as  possible  There  is  no  doubt  that  tho  destructive  action 
of  tho  water  during  a  gale  diminishes  rapidly  with  tho  depth,  but  it  is 
equally  certain  that  such  action  is  ofi'ectivo  at  a  dopth  considerably  greater 
than  tho  draught  of  a  balk  of  timber.  A  somewhat  similar  floating  break- 
water was  proposed  by  Mr.  A.  W.  Sleigh,  the  only  difference  boing  that  the 
upper  surface  was  inclined  upwards  from  tho  waves  to  prevent  them  break- 
ing over  tho  structure.  Mr.  Macnamara  also  proposed  a  modification  of  the 
same  plan,  consisting  of  a  double  row  of  tubular  vessels,  or  pontoons,  closed 
at  the  ends,  but  in  neither  of  these  schemes  was  any  provision  mado  for 
affocting  any  portion  but  the  surface  of  the  water. 

In  direct  opposition  to  this  system,  may  be  mentioned  tho  vortical  wave 
screens,  such  as  thoso  proposed  by  Mr.  Calver,  Mr.  Brunloes,  and  others. 
Mr.  Calver's  design  consists  of  a  row  of  vertical  piles  driven  firmly  into 
tho  bottom  at  certain  distances  apart.  They  are  united  horizontally  by  iron 
runners,  and  aro  each  supported  laterally  by  two  sloping  struts,  having 
largo  iron  shoos  at  thoir  lower  ends  for  tho  purpose  of  entering  and  abut- 
ting against  tho  bottom,  whilo  thoir  upper  ends  aro  connoctod  with  tho 
main  upright  piles  by  swivel  joints,  to  admit  of  thoir  boing  placed  at  any 
required  angle  Tho  shorter  strut  abuts  against  tho  pilo  a  littlo  abovo  low- 
water,  and  tho  longer  strut  a  corresponding  height  abovo  high  water,  a  short 
chain  extending  from  tho  place  whero  tho  lower  strut  joins  tho  main  pilo  to 
tho  longor  strut.  Tho  shoes  of  tho  struts  are  mado  of  such  a  shapo  thai 
thoy  present  a  vertical  flat  surfaco  to  tho  soil  in  which  they  aro  buried 
whilo  thoy  aro  not  to  bo  driven  into  tho  soil,  but  buried  beneath  the  surface 
by  the  tidal  current.  This  form  of  construction  is  calculated  by  Mr.  Calver 
to  be  able  to  withstand  any  forco  to  which  it  would  bo  likoly  to  bo  oxposod. 
A  somowhat  similar  idea  was  proposod  by  Mr.  Brunloes,  iu  which  the  piles 
aro  placed  zig-zag  at  an  angle  90°  for  tho  purpose  of  increasing  tho  resisting, 
r.  Tho  spaces  between  the  piles  aro  to  bo  partially  tilled  bj  louvre 
.  the  distance  between  these  boards  being  considerably  greater 
towards  tho  bottom  to  avoid  interfering  with  tho  run  of  the  tide.  Mr. 
W.  I!.  Says  also  proposed  a  scrios  of  inclinod  planes  or  platforms, 
which  were  to  be  fixed  between  a  straight  row  of  pilos;  in  this  case  tho 
planes  were  ti>  be  considerably  wider  than  that  just  desoribod,  but  the  idea 
appears  to  be  very  similar.  Various  other  plans  have  from  time  tot 
boon  proposod  for  ti  ■  •,   via.,  of  breaking  tbe   force  ol 

without  subject  ructure  toanexc  dm    Thus,  Mr. 

proposed  an  upright  tubular  or  cellular  structure,  secured  by  , 
spaced  at  regn]  rvals,  to  offeol  that  objoot,  and  Mr.  M.  Soottsuggt 

tho  omployuiout  of  a  long  inclined  piano  with  spaces  betwoon  for  tho  water 
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to  rush  through.  Mr.  W.  H.  Smith  adopted  the  flecti  non  frangi  principle, 
and  proposed  a  solid  upright  timber  breakwater  fastened  by  means  of 
hinged  joints,  so  that  it  might  sway  backwards  and  forwards  with  the  waves. 
In  his  design  a  gangway  is  shown  running  along  the  top  of  the  structure, 
but  we  doubt  whether  any  person  could  be  found  sufficiently  bold  to  venture 
upon  it  rough  weather. 

It  will  be  seen  from  the  above  description  of  the  various  designs  for 
fixed  wave  screens,  that,  with  the  exception  of  the  last  mentioned  absurdity, 
the  object  endeavoured  to  be  attained  is  the  breaking  up  of  the  waves  suffi- 
ciently to  eliminate  all  danger  from  them,  with  the  smallest  possible  resis- 
tance to  them .  It  is  difficult  without  actual  experiment  to  calculate  what 
strain  any  of  these  structures  would  be  required  to  withstand  in  order  to 
accomplish  their  object,  as  the  degree  of  obstruction  that  would  be  required 
to  be  opposed  to  the  water  to  effect  the  desired  object  is  not  yet  ascertained. 
When,  however,  we  remember  that  a  force  of  more  than  6,0001bs.  per 
square  foot  has  to  be  provided  against,  it  is  clear  that  any  designs  for  fixed 
breakwaters  would  have  to  be  built  immensely  strong  to  withstand  the 
battering  of  the  waves  even  when  built  with  a  very  small  opposing  surface, 
and  consequently  the  expense  of  such  a  structure  must  be  very  consider- 
able. 

The  question  then  arises  whether  it  is  not  possible  to  construct  a  floating 
breakwater  of  such  a  form  that  it  shall  not  only  be  effective  against  the 
surface  waves,  but  shall  extend  to  a  sufficient  depth  to  be  effective  against 
the  heavy  rollers  caused  by  a  gale.  It  is  a  well  known  fact  that  the 
heaviest  gale  does  not  disturb  the  water  to  any  considerable  depth,  and  it 
was  no  doubt  to  a  partial  knowledge  of  this  peculiarity  that  the  floating 
breakwaters  already  mentioned,  owe  their  existence.  It  has,  however,  been 
found  that  the  destructive  force  of  the  waves  is  not  confined  entirely  to 
the  surface,  and  Mr.  Airy,  the  Astronomer  Eoyal,  has  calculated  that  at 
a  depth  equal  to  the  length  of  a  wave  the  motion  is  -gi^  of  that  at  the 
surface.  It  is  also  found  in  practice  that  in  building  a  solid  breakwater, 
the  wall  need  not  begin  at  a  level  of  more  than  12  to  15ft.  beneath  the 
surface  at  low  water  as,  according  to  Mr.  Rondel,  the  waves  appear  to  do 
little  or  no  damage  to  pierres  perdues  at  that  depth.  It  appears  to  be 
necessary,  therefore,  that  a  floating  breakwater  should  be  so  constructed  that 
it  would  not  only  destroy  the  force  of  the  surface  waves,  but  extend  to  a 
sufficient  depth  to  stop  all  dangerous  waves.  Upon  reference  to  Plate  350, 
a  floating  breakwater  designed  by  Mr.  Saunders  is  there  illustrated,  which 
evidently  satisfies  these  conditions.  It  consists  of  a  number  of  vertical 
bulkheads  gradually  increasing  in  depth  from  the  seaward  to  the  landward 
side  ;  so  that  the  breakwater  in  vertical  cross  section  presents  the  form  of 
a  wedge  with  its  edge  towards  the  sea.  The  water  has  perfect  freedom  for 
vertical  motion  between  the  divisions,  but  it  cannot  make  horizontal  pro- 
gress or  affect  the  water  in  the  neighbouring  division,  so  that  the  wave 
motion  cannot  be  propagated,  or  the  water  make  landward  progress,  except 
in  the  form  of  broken  water  or  spray — thus  the  whole  force  of  the  running 
sea  is  lost.  From  the  formation  of  the  breakwater,  as  will  be  seen  upon 
referring  to  Plate  351,  the  wave  in  its  advance  strikes  in  succession  on  each 
bulkhead ;  and  thus  its  force  is  spent  gradually  instead  of  being  accumulated 
in  one  violent  blow,  as  against  an  ordinary  fixed  breakwater.  The  mass  of 
comparatively  still  water  that  is  comprised  between  the  numerous  bulkheads, 
together  with  the  broad  vertical  surface  against  the  smooth  water  on  the 
landward  side,  makes  it  impossible  for  the  blow  of  a  wave  to  bring  any 
sudden  jerking  strain  upon  the  moorings,  and  as  the  height  above  water  is 
very  small,  the  strain  upon  the  moorings  due  to  the  wind  would  be  very 
trifling.  The  depth  of  immersion  on  the  landward  side  is  about  18ft.,  and 
as  we  have  already  shown  that  the  depth  to  which  a  storm  dangerously 
disturbs  the  water  is  found  to  be  from  12  to  15ft.,  it  is  evident  that  such 
immersion  will  be  fully  adequate  for  any  emergency.  The  power  of  flota- 
tion is  obtained  either  by  inclosing  the  two  outside  bulkheads  (shown  in 
Plate  351),  so  as  to  make  them  into  water-tight  chambers  or  pontoons,  or 
by  making  a  series  of  transverse  pontoons,  which  at  the  same  time  stiffen 
the  vertical  bulkheads.  The  mooring  may  be  effected  either,  as  shown  in 
Plate  350,  by  means  of  booms  jointed  at  the  bottom  and  having  india-rubber 
compressors  or  springs  to  admit  of  a  slight  yielding  motion  to  the  break- 


water ;  or  it  may  bo  moored  in  the  usual  manner  by  chain  cables,  which  we 
consider  would  be  a  more  preferable  arrangement. 

For  shallow  water  Mr.  Saunders  proposes  a  fixed  breakwater  which,  with 
the  exception  of  the  pontoons  for  the  purpose  of  flotation,  is  precisely 
similar  in  construction  to  tho  floating  breakwater,  but  instead  of  mooring 
chains,  an  iron  framework  resting  upon  the  bottom,  supports  it.  This 
framing  is  made  considerably  wider  at  the  base,  which  is  also  provided  with 
longitudinal  angle,  or  T  irons,  having  their  edge  downwards,  which  are 
consequently  buried  in  the  soil  and  prevent  any  lateral  motion  of  the 
breakwater. 

There  is  no  doubt  but  that  a  floating  breakwater,  if  it  can  be  made  effi- 
cient, offers  immense  advantages  over  the  fixed  description,  for  it  is  evident 
that  the  cost  would  be  very  much  less,  while  it  could  easily  be  made  in  a 
few  months.  The  principal  advantage,  however,  appears  to  consist  in  its 
applicability  for  shipment  abroad,  as  the  parts  being  all  straight  and  thin, 
could  be  packed  in  a  very  small  compass,  while  it  could  could  -be  very 
easily  put  together  at  its  destination.  There  are  many  exposed  places  on 
the  coasts  of  India  and  some  of  our  colonies,  where  a  breakwater  of  this 
description  would  be  an  inestimable  boon,  and  where  we  have  no  doubt  it 
might  be  moored  with  the  greatest  facility. 


ROADS,  RAILWAYS,  AND  CANALS  IN  INDIA. 
(Concluded  from  p.  149.) 

At  page  147  ante,  in  the  first  paragraph,  reference  is  made  to  the  cost  of 
doubling  and  maintaining  the  railway  as  compared  with  the  cost  of  making 
and  maintaining  a  canal — the  railway  there  referred  to  is  the  East  Indian 
Railway. 

Adhering  to  the  table  of  rates  given  at  page  123  ante,  it  is  shown  that 
where  grain  costs  only  one  rupee  a  maund,  the  cost  of  this  grain  when 
transported  300  miles  would  be  enhanced  in  price  as  follows  : — 

By  navigable  canals 20  per  cent. 

„    railway    39      „ 

,,    carts  on  metalled  roads    76J    „ 

„        „        country  roads1 % 100      „ 

with  no  allowance  for  back  hire. 

It  is  also  shown  that  for  all  goods  costing  less  than  Rs.  14  a  maund,  water 
carriage  would  be  preferable  where  time  was  not  of  much  importance. 

3rd.  That,  independent  of  the  cost  of  the  carriage  of  camp  equipage, 
troops  can  be  conveyed  by  rail  at  one-tenth  the  cost,  and  in  J-g-th  the  time 
of  marching  on  roads. 

Lastly,  to  enable  other  metalled  roads  throughout  India  to  be  compared 
with  this  portion  of  the  G.  T.  road,  north  of  Delhi,  it  may  be  further 
stated  that  the  cost  of  consolidated  metal  has  been  Rs.  16-1-11  per  100 
cubic  feet  during  the  last  two  years,  independent  of  the  cost  of  the  esta- 
blishment, native  or  European.  By  comparing  this  rate,  which  includes 
collection  and  consolidation  (consolidation  reduces  the  cubical  contents 
one-third),  with  the  rates  in  other  parts  of  the  country,  a  nearly  correct 
estimate  can  be  arrived  at  of  the  cost  to  government  in  keeping  up 
metalled  roads  for  the  transport  of  goods.* 


*  To  compare  other  roads  with  that  between  Delhi  and  Umballah,  we  may  take  a 
favourable  example  where  the  cost  of  metal  is  low. 

Supposing  the  cost  to  be  compensation  to  Zemindars,  at    ...Rs.  0    4  0 

Cost  of  digging,  at  Rrs.  2   -      2    0  0 

Cost  of  carriage,  of  3-8  (6  miles) 3    8  0 

Stacking  at  road  side,  at  Rs.  0-4-0,  0    4  0 

Consolidation,  at  Rs.  1 10  0 

Tools,  at  Rs.  0-2-0 0    2  0 

Total  per  100  cubic  feet 7  2  0 

These  100  cubic  feet,  on  being  consolidated,  becomes  reduced 

to  66|  cubic  feet;  =  7  2  0 

Add  one-half  33*    „        „     =   3  8  0 

Total,  100      „       „      = 10  11    0 

or  one-third  may  be  deducted  from  the  rates  on  the  7th  Division,  G.  T.  Road,  for  main- 
tenance ;  or  the  cost  would  be  Rs.  0-2-1 ;  for  100  maunds  a  mile,  tho  very  same  as  the 
charges  on  the  railway. 
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The  following  interesting  table,  which  has  been  carefully  collected  by 
Mr.  Login,  will  be  referred  to  shortly  in  dealing  with  the  following 
subject : — 


by  the  carting  of  fire-wood  for  the  numerous  brick-kilns  at  and  near  the 
station  ;  so  all  the  useful  information  from  this  register,  that  Mr.  Login 
eouid  obtain  was,  that  the  number  of  carts  conveying  cotton  to  Ferozepore, 


Register  of  Traffic  over  the  Tin  Division,  G.  T.  Road,  5  miles  South  of  Kitrxaul,  feom  9th  Jan.,  to  28th  Feb.,  1867,  inclusive. 


2 

s 

Description. 

| 

Total 
traffic  over 

Eoad. 

Per 

eentage 
up. 

Per 

eentage 
down. 

Preferable 

description 

of  conveyance. 

Remarks. 

1 

Maunds. 
94,046 

100 

Canal 

This  traffic  is  oulj-  temporary,  and  therefore  should  be  kept  separate. 

2 

English  and  native  iron  for  general 

4,303 
18,007 

80 
80i 

20 
19* 

Canal 

Kail 

The  down  traffic  in  iron  is  brought  from  Ferozepore  by  cotton  return  carts. 

3 

Valuable  stores,  packed  in  boxes,  &c. 

-1 

Spirits,  beer — in  casks 

5,972 

100 

Canal 

Chiefly  for  European  troops. 

5 

2,319 
14,843 

82* 

77 

17i 
13 

Rail 
Roads 

Chiefly  English  goods. 

6 

Tents  and  camp  sundries 

This  depends  on  the  movements  of  troops. 

7 

Tobacco  

1,682 

57 

43 

Rail 

This  chiefly  depending  on  different  markets. 

8 

Ghee       

42 

36 

4,491 

93 

100 
100 

7 

Rail 

Canal 

Canal 

Ditto. 

9 

Oils   

Ditto. 

10 

Cotton 

Exported  to  England  via  Ferozepore  chiefly. 

11 

Salt 

4,623 

53 

47 

Canal 

Up  traffic  from  west  of  Delhi ;  down  traffic  rock  salt  from  Salt-range. 

12 

Hides 

973 
6,519 

15 

61 

85 
39 

Canal 
\  C,  \  EL,  i  Rd. 

Chiefly  for  exportation. 

13 

Chiefly  local  traffic. 

14 

Tea 

581 

GO 

10 

Rail 

Chiefly  for  European  troops. 

15 

Fruits 

1,887 

8 

92 

Bail 

Up  traffic,  chiefly  orangesTrom  Delhi ;  down,  chiefly  Cabul  fruit. 

16 

Timber    

1,807 

47 

53 

Canal 

Local,  up  and  down,  depending  on  description  of  wood. 

17 

Firewood    

3,347 

55 

45 

Canal 

Local,  for  the  use  of  Kurnaul  and  Paniput,  as  well  as  encampments. 

18 

Charcoal 

1,011 

100 

Canal 

Sent  to  Delhi. 

19 

Bamboos  for  thatching    

662 

56 

44 

Road  and  canal 

Local. 

20 

Manure   

76 

9,475 

11,141 

100 
18 
42 

72 
58 

Road 

Road 

Canal  and  road 

Local. 

21 

Local. 

22 

Grain   

Local^at  times,  but  depending  on  seasons. 

23 

Stone   

1,322 

100 

Canal 

Small  hand  mill-stones,  for  sale  throughout  the  Punjab. 

24 

Limestone  

110 

477 

80 

100 
'   20 

Canal 
Rail 

Local. 

26 

Brass  and  copper  

For  sale  in  the  Punjab. 

26 

Zinc  and  tin  

161 

100 

Rail 

Ditto. 

Remarks. — These  rates  are  believed  not  to  lie  more  than  two  or  three  per  cent,  above  or  below  tho  actual  weight. 


The  foregoing  statistics  arc  obtained  from  a  register  of  the  traffic 
•over  the  Grand  Trunk  road  at  the  bridge  over  the  canal,  live  miles  south  of 
KornauL  from  9th  January  to  28th  February,  1867,  both  days  included, 
which  shows  a  dailj  average  traffic  of  t,245  maunds  up  and  down  the  road; 
of  thi-t  trfflac,  however,  481  per  cent.  was  the  carriage  of  iron  for  the  Delhi 
railway,  and  as  this  is  only  of  a  temporary  nature,  it  should  properly  be 
excluded  from  the  calculations  in  striking  an  average.  Also,  it  should  be 
observed,  the  register  was  kept  at  the  season  when  there  is  the  greatest 
traffic  daring  the  whole  year.  r  near  any  large 

town  mmt  tend  to  enhance  the  local  traffic,  for 'which  allowance  should  be 

made.    'I' hen:  v.  p|  by  the  civil  authorities  at  the  sa time, 

four  miles  south  of  tbi   place,  1  mballab  ;  but  on  commencing  to  absl  racl  the 
information  this  registei  gave,  Mr.  Login  found  rl  imp  i  cluck  the 

one  with  the  other,  as  the  classification  was  no)  the  same  as  that  kept  south 

of  Kunnral,  and  the  approximate  loads  of  th tswerenol  entered.  For 

tuple,  the  iron  brought  by  Messrs.  Brassey,  Wythei,  and  Henfrey,  for 
the  Delhi  railway,  was  mixed  op  with  other  iron  brought  for  the  market, 
and  a>  a  bags  proportion  of  this  railway  iron  >;,  a  branch  road 

some  fifteen  miles  south  of  Omballab   direct  t  .  tin?  railwn;. 

eould  be  effected.     Also  the  local  traffic  near  Umballah  was  much  affected 


was  more  than  double  as  many  as  passed  over  the  canal  bridge.  This  was 
to  be  expected,  as  cotton  was  being  carted  from  Kurnaul,  Ladwah,  Jugadree, 
and  Saharunpore  to  Ferozepore,  to  be  boated  down  the  Indus,  while  the 
other  register  could  only  show  what  cotton  was  brought  from  Delhi  aud 
Paniput.  ' 

Traffic  over  the  Canal  Bridge,  near  Kurnaul. 


Blow  Traffic. 


Native  carts    

i-i-.  heeled  wagons 

„        light  slii 

ID      

Paokhorses  and  mules ... 

t,    asses  

„     camels  


Laden. 


5,185 
516 


J    ' 


7" 

168 

8,1 1" 

1  17 


i  mpty. 


283 
Leg 

no  return 


Probable  weigh! 

ented    '■■-    I      i  rlumn, 
ris'.'.i  maunds  daily. 
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Traffic  over  the  Canal  Briige,  near  Kurnaul. 


Quick  Traffic. 

Mauuds. 

Total 
Maurtds. 

Passenger  bullock  carts, 
798,  at 

Horse  dak  carriages,  832, 
at 

15  each 
15  each 

11,970 
13,876* 

I     Weight,  506  maunds 
f                 .daily. 

25,845 

Taking   these  returns  as  being  correct  within  reasonable  limits,  we  get 
as  follows: — 

Total  traffic   over  the  road  daily,  during  the  months  of  January  and 
February,  1867,  was 

Quick  traffic 506  maunds. 

Slow  ditto 1893      „ 

Add  1~r-n  =    1844      „        for  Delhi  railway  iron.f 

Total  average  ...     4243  maunds,  or  151J  tons. 
It  has  been  above  shown  that  the  cost  of   maintenance  of  one  mile 

averages  £200,  or  2,000  rupees  a  year,  that  is  -5—-  =  Rs.  5-7-8  daily ;  and 
for  this  expenditure,  4,243  maunds  are  transported, 

.-.  as  4,243  :  100  :  :  Rs.  5-7-6  :  Rs.  0-2-0'8. 
That  is,  it  costs  Government  nearly  as  much  to  keep  up  the  road  as  if 
all  the  traffic  went  by  rail,  Again,  as  the  East  India  Railway  now  returns 
G  per  cent.,  Government  receives  -}  per  cent,  of  this  profit,  and  taking  the 
working  expenses  as  one-half  of  tbe  actual  fires,  Government  receives  J?th 
of  this.     Now   21  th  of   the  whole  returns  for  the  cheapest  description  ot 

Rs  0-2-1 
goods  is  — ~ — !  which  equals  one  pie  nearly,  and  if  we  add  this  loss  to 

the  above,  it  amounts  in  all  to  Rs.  0-2-1-8,  or  more  than  the  railway  rates. 
As  the  traffic  has  all  teen  calculated  as  dead  weight  of  the  lowest  class,  and 
not  as  passengers  or  higher  classes  of  goods,  which  would  pay  considerably 
more,  it  is  evident,  that  in  keeping  up  metalled  roads  instead  of  railways 


*  The  load  here  has  been  about  doubled,  owing  to  the  supposed  extra  speed  of  dak 
carriages. 

The  register  of  the  15th  January  shows  that  thirty  carriages  passed  up  and  down  the 
road  on  that  day.  Supposing  that  there  were  the  "full  complement  of  seventeen  horses 
at  each  stage,  and  also  supposing  the  carriages  proportionately  divided,  that  each  Dak 
Carriage  Company  only  despatched  its  proper  share  of  carriages,  thirteen  out  of  the 
seventeen  horses  must  have  dragged  a  laden  carriage  twelve  miles.  Probably,  however, 
some  unfortunate  animal  had  three  trips.  Could  not  the  police  send  in  a  register  of  the 
number  of  horses  at  each  stage  kept  up  by  each  company,  and  the  number  of  carriages 
that  passed  daily,  only  having  the  power  to  interfere  when  a  horse  had  more  than  two 
trips  111  the  twenty-four  hours  ?  Since  writing  the  above,  the  Punjab  Government  has 
taken  up  the  subject. 

T  Through  the  kindness  of  Mr.  Henirey,  of  the  firm  of  Messrs.  Brassey,  Wytb.es, 
Henfrey,  and  Co.,  Mr.  Login  received  the  following  information  :— 
The  actual  weight  of  stores  carted  by  them  was, — 

During  December,  1866,  80,000  maunds,  or  2,857   tons. 
,,       January,     1867, 54,700        „         or  1,953-J    „ 
„      February,   1S67, 54,700        „  or  1,932   „ 


Total.. 


6,742§ 


Average  despatched  from  Delhi  during  December,  2,5b0  maunds  daily;  and  in  January 
and  February,  1844  which  for  51  days  =  94  044.  The  other  returns  are  obtained  from  as 
close  an  approximate  as  circumstances  would  permit  ot;  and  is  probably  not  above  two 
or  three  per  cent,  over  or  below  the  actual  traffic. 

va^eBwould  be  aTfolfows6- WlU  be  SMn  that  the  probabIe  traffic  as  to  dead  weiSht  and 
By  dead  weight.  By  vahi  e  probably. 

By  road,...  15  per  cent.  10  per  cent. 

By  rail   ...  25        „  50 

By  canal...  60       „  40        " 

"  ^u       t> 

t=    ,    v      *u   Tot.a1"--  100       ..  Total...  100       „ 

Excluding  the  grain  trade,  which  is  fluctuating,  and  as  it  i"  chiefly  brought  on  camels 
does  not  injure  the  road,  so  may  be  omitted  ;  and  also  leaving  ou tn t?an  port  of  Talt 
which  averages  at  Delhi  nearly  80  tons  daily,  and  less  than  34  tons  at  Kurnaul  by  the 
llPandTwe  find  Sfffh  GoTCmm™t,Gf  *£.  ^ted  January"  10th,  1887,  at  pages 9,  10? 
too,  was  as  folk?™  -  g"        J  °Vel"  th°  bridge  of  boats  at  Pel1"' to  aud 

From  May  to  October,  1865  123  tms  dai, 

If  „  „  lbfaD     TTO 

For  January  and  February,  1867,  average  151}  tons'at  Kurnaul""By 
the  above  return  7f  tons  has  to  be  deducted  for  grain  and  3-J  for  salt  140-1- 
r   TtfT  T  t(f3A  da^y  aPPeai's.  an  amPle  allowance  for  the  average  traffic  over  the 
G.  T.  Koad,  after  deducting  the  extra  local  traffic  at  Delhi  and  the  Delhi  Railway  Stores 


or  navigable  canals,  both  Government  and  the  country  are  losers,  even 
not  deducting  the  cost  of  transporting  the  Delhi  Railway  Stores. 

If  the  proper  deductions  be  made  on  account  of  this  temporary  extra 
traffic  for  the  Delhi  railway,  and  allowance  be  made  for  the  season  of  the 
year  at  which  this  register  was  kept,  the  actual  traffic  would  barely  average 
100  tons  daily  (instead  of  151 J  as  now  calculated),  or  2,800  maunds, 
which  would  enhance  the  rate  by  one-half  more. 

For  simplicity,  and  to  be  within  limits,  we  may  take  the  expenditure  on 
maintenance  of  a  mile  of  road  at  5  rupees,  or  10s.  daily,  and  the  traffic  at 
100  tons,  that  is  Rs.  0-3-1-a-  per  ICO  maunds  a  mile,  or  very  nearly  a  l^d. 
a  ton.  Again,  taking  this  latter  rate  of  a  ljd.  a  ton  a  mile,  we  find  that 
the  cost  of  conveying  one  ton  from  Delhi  to  Calcutta  (in  all  by  rail,  1,022 
miles),  taking  the  distance  at  1,000  miles,  we  have  the  cost  of  maintaining 
the  road  at  the  rate  of  £5  4s.  2d.  a  ton,  cr  a  little  over  a  halfpenny  a 
pound.  Then,  taking  the  cost  of  carriage  at  Rs.  0-6-0  per  100  maunds  a 
mile,  which  is  now  very   near  the   actual  rate,  the  cost  of  transport  from 

Delhi  to  Calcutta  by  carts  would  be  —  =  3-57  tons,  cost  Rs.  0-6-0  a  mile ; 

or  one  ton  costs  2£d.  a  mile,  or  about  Id.  a  pound  more,  thus  adding  a  l^d. 
a  pound  to  the  cost  of  all  raw- material  produced,  not  to  speak  of  the  delay 
and  deterioration  by  the  way. 

With  railways,  on  the  other  hand,  the  cost  would  be  one-third  of  a  far- 
thing a  pound,  and  by  navigable  canals  (had  we  them  all  the  way),  one- 
sixth  of  a  farthing. 

On  these  differences  in  a  great  measure  depends  whether  India  is  to 
become  one  of  the  greatest  producing  countries  of  raw  material  for  the 
English  market,  and  at  the  same  time  the  best  customer  for  our  manufac- 
tures.* 

The  advantages  of  a  cheap  mode  of  conveyance  in  an  agricultural  coun- 
try can  hardly  be  over  estimated ;  although  we  find  that  cotton  from 
Saharunpore,  Jugadree,  Kurnaul,  Paniput,  and  even  Delhi,  is  now- carted  to 
Ferozepore,  at  a  loss  to  Government  of  Rs.  51-9-0  for  every  100  maund& 
of  cotton  sent  from  Delhi  to  Ferozepore,  while  it  would  gain  Rs.  5-6-9  if 
sent  by  rail  to  Calcutta.  Thus  the  transport  of  every  100  maunds  of  cotton 
by  this  route,  via  Ferozepore,  and  the  same  weight  of  iron  brought  by  the 
return  carts  is  a  dead  loss  to  Government  of  upwards  of  100  rupees,  while 
10  rupees  might  be  gained  thus — 

Distance  from  Delhi  to  Ferozepore  is  264  miles, 
V  264  at  0-3-3|  =  Rs.  51-9-0. 

Distance  from  Delhi  to  Calcutta  1,000  miles, 

^  at  0-2-1  =;Rs.  5-6-9. 
24 

•  From  the  above  we  arrive  at  the  very  remarkable  conclusion,  that  it  is 
cheaper  for  Government  to  send  all  the  traffic  by  railway  freight  free, 
Government  paying  for  the  same,  than  to  keep  up  metalled  roads  for  its 
transport.  Mr.  Login  was,  it  appears,  not  prepared  for  such  a  result  when 
he  commenced  to  collect  his  data,  and  it  was  not  till  lie  compiled  these 
facts  in  tbe  above  form  that  he  could  believe  in  its  correctness. 

Having  arrived  at  such  a  result,  we  can  only  come  to  the  same  conclu- 
sion as  a  reviewer  of  his  pamphlet  on  "Roads,  Railways,  and  Canals,"  did 
in  a  late  number  of  the  Bella  Gazette,  where  he  said  :  "It  is  evident  that 
light  railways  or  tramways,  as  recommended  by  Sir  Macdonald  Stephenson, 
would  be  preferable  to  roads ;  these  and  all  district  roads  that  may  be 
made  should  run  at  right  angles  to  and  not  parallel  with  the  great  railways 
and  canals.  Thus  they  would  act  as  feeders  for  the  great  lines  of  commu- 
nication, and  should  be  as  numerous'as  possible." 


*  It  would  be  interesting  to  trace  at  a  number  of  points  throughout  India  how  tbe 
cost  of  wages,  clothing,  and  food  has  been  affected  as  the  means  of  communication 
have  been  improved,  The  writer  believes  it  will  be  found  that  the  wages,  as  well  as 
the  quality  of  the  food  and  clothing  of  1he  working  classes  have  improved  in  somewhat 
the  same  ratio  as  roads,  railways,  and  canals  have  extended.  The  prices  of  some 
descriptions  of  food  have  no  doubt  become  much  enhanced  in  some  localities,  but  at  the 
same  time  superior  qualities  of  grain  are  grown.  For  example,  Sawang,  Cheenah,  Mun- 
dooha,  which  formerly  the  lower  classes  used  as  food,  is  now  disappearing;  while  Moon- 
gee  (superior  description  of  rice),  &c,  are  taking  their  place;  also  the  cultivation  of 
sugar-cane,  indigo,  flax,  cotton,  opium,  and  other  valuable  produce  has  been  much 
extended,  which  also  no  doubt  tends  to  raise  the  price  of  grain,  but  at  the  same  time 
to  increase  the  profits  of  the  cultivator. 
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Nav,  in  an  economical  point  of  view,  it  is  also  evident  that  Govern- 
ment can  offer  guarantees  for  the  construction  of  such  light  railways 
as  it  has  done  for  the  main  lines,  with  probably  the  same  results,  namely! 
with  an  ultimate  profit,  as  is  the  case  on  the  East  Indian  railway,  which 
now  returns  6  per  cent,  on  outlay  of  capital,  returning  to  Government  a 
profit  of  \  per  cent,  already,  with  a  prospect  of  still  larger  returns. 

The  practical  suggestions  which  may  be  arrived  at  are — 

1st.  That  as  the  difference  between  the  cost  of  transport  on  country 
roads  by  country  carts  is  only  Es.  0-1-4  per  100  maunds  per  mile  more 
than  on  metalled  roads,  kutcha  roads  unbridged  may  be  made  in  the  first 
instance,  as  suggested  in  a  letter  dated  September,  1854,  to  the  late  Colonel 
Baird  Smith  by  the  author  just  before  quirtiug  the  Ganges  Canal  for 
Burmab. 

The  cross  section  of  the  roads,  he  then  recommended,  should  seldom 
exceed  18in.  in  height  of  embankment  with  no- side  ditches  (see  Fig.  3,  Plate 
348).  The  cultivator  would  thus  only  be  one  season  deprived  of  a  strip  of 
laud  80ft.  broad,  and  afterwards  of  only  40ft. ;  while  comparatively  speaking, 
a  passable  road  for  at  least  eight  months  in  the  year  would  be  available, 
instead  of  meandering  tracks  changing  from  year  to  year,  as  each  cultivator 
blocks  up  the  present  cart  tracks. 

The  cost  of  this  first-class,  or  village  road,  would  be  probably  250 
rupees  a  mile,  and  as  each  village  should  provide  a  public  road  through  its 
lands,  no  compensation  need  be  paid  for  tho  land.  Any  individual  loss  to 
cultivators  should  be  paid  by  village  funds,  settled  by  Punchayet,*  or  by 
giving  in  compensation  an  equal  area  of  land  that  is  the  common  property 
of  the  village. 

2nd.  The  second-class  roads  are  what  may  be  called  "  Pergunnah  " 
(country)  roads,  also  fair-weather  roads,  50ft.  wide,  not  metalled,  and  only 
bridged  by  small  culverts,  the  larger  streams  crossed  by  causeways,  or 
what  are  called  "  Irish  bridges." 

In  the  north -western  provinces  and  the  Punjab,  probably  the  embank- 
ments will  not  exceed  18in,  or  2ft.  in  height  on  an  average,  and  will  not 
cost  more  than  about  1000  rupees  a  mile;  compensation  for  the  land 
required  for  such  roads  to  be  paid  from  district  funds. 

The  general  directions  of  these  lines  should  be  at  right  angles  to  the 
main  lines  of  railways  and  canals ;  that  is,  they  will  cross  the  general 
drainage  of  the  country,  and  should  not  be  more  than  ten  miles  apart, 
depending  on  local  circumstances. 

As  goon  as  the  traffic  sufficiently  increases  as  to  warrant  making  these 
fair-weather  roads  into  metalled  ones,  the  road  should  be  raised  so  as  to 
have  no  gradients  exceeding  1ft.  in  100ft.,  and  metal  10ft.  broad  may  be 
laid  down,  when  these  would  become  third  class,  or  district  roads,  kept  up 
at  the  expense  of  the  district. 

Tho  expense  of  keeping  up  a  metalled  road  being  so  great,  country  carts 
should  be  made  to  go  along  the  foot  of'  the  embankments  during  the  dry 
season  of  the  year,  and  only  permitted  to  pass  over  the  embankment 
where  the  large  streams  are  bridged.  During  the  wet  season  and  alter  a 
heavy  full  of  rain  in  the  cold  weather,  when  the  earth  would  be  easily  cat 
up  by  carts  passing  over  it,  the  carts  should  be  allowed  to  pass  over  the 
metalled  portion,  but  all  other  times  this  portion  should  be  restricted  for 
passenger  traffic. 

When  t'nis   traffic  goes  on  increasing,  so  that  a  tramway'  would  probablv 
pay,  let  one  lie  laid  down  on  the  Bide  of  tho  embankment  by  private  I  I 
prise,  keeping  up  the  metalled  portion  portion  as  formerly,  (see  Fig.  1,  Plal 
;ils),  and  let  a  guarantee  be  granted  by  Government,  as  at  present  the 
public  at  home  do  not  like  to  invest  their  capital  without  this.f 

As  tho  districts   through   which  such  lines  run  are  chiefly  benefited,  the 
Of  the  embankment  should  he  made   over,  free,  to  the  Tramway  Com- 
pany, thus  ensuring  a  urn  with  equal  advantage  Govern- 
ment and  the  country.     By  this  arrangement,  also,  the  rails  would  lie  laid 
on  old  embankments,  not  on  newly  heaped-up  earth,  thus  effecting  a  ■_ 

•  Native  arbitrators. 

t  Should  a  still  further  of  traffic  necessitate  a  double  line,  it  can   be  laid  on   the 
metalled  portion. 


saving  in  ballasting,  while  the  experience  gained  as  to  the  requisite  water- 
way required  for  bridges  would  be  most  valuable  ;  at  the  same  time  the  line 
having  existed  for  some  years  before,  there  would  be  a  certain  amount  of 
traffic  all  ready ;  thus  there  would  be  the  least  possible  delay  in  obtaining 
a  return  for  the  outlay  of  capital. 

The  advantages  of  a  cheap  mode  of  conveyance  in  an  agricultural 
country  can  hardly  be  over  estimated,  and  when  we  find  that  cotton  from 
Saharunpore,  Jugadree,  Kurnaul,  Paniput,  and  even  Delhi  is  now  carted 
to  Ferozepore  to  be  boated  down  the  Indus,  rather  than  sending  it  by  rail  to 
Calcutta,  it  is  self  evident  that  in  spite  of  the  moderate  charges  on  the 
East  Indian  Railway,  a  still  lower  rate  is  necessary  to  ensure  the  carrying 
of  the  whole  of  the  cotton  trade. 

With  regard  to  Bengal,  and  such  parts  of  India  where  metal  is  not 
available,  the  above  arguments  apply  still  more  strongly  as  to  the  necessity 
for  light  railways ;  for,  in  a  country  where  fuel  is  scarce,  to  use  burnt  clay 
as  metal  cannot  cost  less  than  probably  double  the  outlay  on  kunker. 

This  leads  us  back  to  what  Mr.  Login  recommended  in  1S58,  while  in 
charge  of  the  Ganges  and  Darjeeling  road,  and  we  believe  it  is  not  too 
late  yet  to  carry  an  embankment  from  Dingrat  Ghat  on  the  Mahanuddee, 
where  the  road  branches  oil'  towards  Purneah,  and  instead  of  following 
that  line,  to  run  the  embankment  along  the  left  bank  of  the  Mahanuddee 
to  opposite  Maldah,  and  then  by  running  parallel  to  a  branch  from  the 
Ganges  which  joins  the  Mahanuddee  just  above  Maldah,  all  cross  drainage 
can  he  avoided,  with  the  exception  of  crossing  the  Mahanuddee  itself  at  a 
point  where  the  river  has  firm  banks  and  a  narrow  deep  channel ;  thus  the 
left  bank  of  the  Ganges  may  be  reached  opposite  and  near  to  Rajmahal. 
Then  by  running  the  embankment  at  a  sharp  angle  like  a  "  redan  "  for  a  few 
miles  down-stream,  parallel  to  the  main  river,  and  half  a  mile  or  so  away 
back  from  it,  there  will  be  always  some  point  along  these  few  miles 
which  will  have  deep  water  along  the  left  bank  as  well  as  the  right  one, 
so  that  steamers  could  always  approach  to  within  half  a  mile  of  the  rail  on 
either  side.  There  would  be  also  this  advantage,  that  it  wonld  protect  a 
large  tract  of  rich  land  from  injurious  inundation.     (See  Fig.  2,  Plate  348). 

With  this  arrangement  Mr.  Login  believes  the  Ganges  can  be  crossed  in 
less  than  one-half  the  time,  and  with  far  less  inconvenience  than  at  Caro- 
golah  Ghat,  on  the  left  bank  of  the  Gauges,  higher  up. 

The  present  embankment  from  Dingra  Ghat  on  tho  Mahanuddee  to  Pur- 
neah, should  be  extended  eastward  and  westward  from  west  of  the  Gogra  to 
the  Burhampooter,  leaving  gaps  in  the  encampment  for  the  cross  drainage. 
This  embankment  would  connect  Rungpore,  Diiuijepore.  Purneah,  Dar- 
bunga,  Mozufferpoor  and  Azimgur  beyond  the  Gogra,  and  ultimately  join 
the  proposed  Rohilkund  and  Oude  line  of  rail,  which  will  be  extended  to 
Benares.  By  a  similar  line,  some  30  miles  north  of  it,  Lncknow,  Fyzabad, 
i  lude,  Goruckpoor,  Bettiah,  Nathpoor,  Nawabgunge,  and  so  on  to  the 
Burhampooter  would  form  one  continuous  road,  skirting  the  whole  of  cur 
northern  frontier  ;  also,  if  considered  necessary,  embankments  might  be 
earned  along  the  left  bank  of  the  Ganges,  which  would  form  levees  or 
bunds  tint,  could  he  so  constructed  as  to  prevent  mucb  of  the  injurious 
of  the  inundation  from  the  Ganges,  and  the  rivers  which  fall  into  it 
taking  place  (see  Fig.  1,  Plate  848),  while  at  the  same  time  these  embank- 
ments would  form  capital  roads.  BS  has  been  found  to  he  tin-  case  not  only 
in  America,  but  also  on  the  Irrawaddy,  in  that  fast  rising  proviuo 
Pegu* 

Having  thus  briefly  sketched  out  what   .Mr.  Login's  views  have  been  for 

several  years  back,  be  considers  that   though  each  set  of  these  embank- 
ments may  he  BOOmilei  in  Length,  yel  their  cost  would  not  probably  much 
l  one  rupee  Jul-  running  Coot  of  embankment;  and  alter  adding  all 
could  nol  be  more  than  Bs.  7,600  n  mill  i  t     for  the  two 

main  lines,  T"»  lal  ■  •  - :  while  the  cost  of  these  aloi  .  the  ban! 


•  Ti                    i  now  Idea,  but  simply  on                 ol  what  our  Ma  immedanpre- 

!,•  than  two  centuries  ago,  carried  ••"!  partially,  and  tho  -  em    now  . 

from  want  ol  care,  have  been  allowed  to  n<-t  oat  of  ropalr.    Th ;-i  MabomTni 

i  man]  points,  and  II  wo   i  ■ t  then 

Parneab,  that  Sir  George  ITule,  with  a  amall  body  ol  a  beat 
tiac-k  the  chargi  -  ol  the  3rd  irregular  Cavalry,  daring  the  mutiny  In 
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the  Ganges  would  all  probably  be  recovered  by  the  land  saved  from  inunda- 
tion.* It  may  also  be  remarked  tbat  considerable  portions  of  these  lines 
connecting  the  chief  towns  are  already  made,  so  that  the  probable  expendi- 
ture would  not  exceed  half  a  million  pounds  sterling,  to  be  expended  over 
several  years  ;  that  extending  beyond  Dinajepore  being  left  to  the  last 
These  portions  are  important  also,  as  they  would  open  out  the  waste  lands 
of  Assam  to  the  thicky  inhabited  districts  of  Northern  Bengal. 

These  embankments,  though  not  bridged,  would  still  act  as  feeders  to 
the  lines  of  railway  which  would  run  from  the  Ganges  between  the  several 
rivers  which  drain  Nepaul  and  Northern  Bengal  (see  Sketch  Map  of  Bengal) 
Plate  348) ;  and  when  the  traffic,  so  increases  as  to  warrant  any  portions 
being  bridged,  this  can  be  done  by  local  funds,  as  in  every  case  it  would  be 
a  local  advantage,  till  then  the  inhabitants  of  these  parts  would  have 
during  the  rains  what  may  be  called  an  amphibious  mode  of  locomotion. 
Thus,  the  whole  tract  would  be  placed  beyond  the  possibility  of  famine,  by 
these  internal  means  of  communication,  which  would  be  passable  at  all 
seasons. 

With  respect  to  the  navigable  canals  suggested  by  Mr.  Login,  he 
states  from  his  experience  of  the  country  and  its  inhabitants,  it  is  his  firm 
belief  that  the  returns  from  them  would  be  half  as  much  more  than  from 
the  railways. 

It  is  more  difficult  to  give  reasons  for  arriving  at  such  a  conclusion,  than 
proving  by  figures,  obtained  from  known  data,  that  railways  are  more  bene- 
ficial than  roads ;  but  when  we  know  that  in  America  its  prosperity  is  in  a 
great  measure  due  to  internal  navigation,  and  one  hears  such  favourable 
reports  from  Madras,  we  can  naturally  expect  the  same  beneficial  effects. 

Regarding  the  embankments  that  have  been  suggested  for  northern 
Bengal,  it  would  hardly  appear  necessary  that  private  enterprise  should 
be  called  in  to  aid  in  this  work,  as  it  is  more  a  case  between  landlord  and 
tenant,  than  of  a  mercantile  nature.  The  expenditure  on  these  works 
might  be  treated  somewhat  like  "  Tuekavee "  advances — that  is,  the 
supreme  Government  might  raise  a  loan  to  execute  the  work,  and  call  on 
the  local  Government  to  recover  the  whole  outlay  from  the  several  districts 
benefited,  within  some  given  period  of  years.  Thus  a  system  of  embanked 
roads  could  be  set  about  without  delay ;  and  when  once  these  improve- 
ments have  been  carried  out,  the  parties  benefited  would  be  then  better 
able  to  pay  back  what  Government  had  advanced. 

That  these  embankments  would  he  of  the  greatest  advantage  there  can 
be  little  doubt,  as  is  very  satisfactorily  shown  by  Mr.  Fennessy's 
interesting  report  on  embankments,  now  being  constructed  from  Akouk- 
toung,  at  the  head  of  the  Delta  of  the  Irrawaddy  to  Pouabew,  with  the 
chief  engineer's  accompanying  report. 

Prom  the  latter  we  obtain  the  following  information,  which  goes  far  to 
substantiate  Mr.  Login's  views  as  to  the  benefits  likely  to  be  derived  from 
a  system  of  embankments  in  northern  Bengal,  as  recommended  by  him. 

By  paragraph  20  of  the  chief  engineer's  report,  it  is  shown  that  with  an 
outlay  of  15  laks  of  rupees,  350,000  acres  of  land  will  be  protected  and 
brought  under  cultivation,  which,  at  Is.  8d.  per  acre,  as  direct  returns  for 
land  rent,  amounts  to  lis.  525,000  yearly.  From  this,  Bs.  30,000  is 
deducted  for  annual  repairs,  leaving  a  clear  return  of  Rs.  495,000  or  30 
per  cent,  on  outlay  of  capital. 

The  peculiar  advantages  for  protecting  and  reclaiming  land  at  the  head 
of  the  Delta  of  the  Irrawaddy  may  probably  not  exist  in  northern  Bengal, 
but  if  even  half  or  one-quarter  as  favourable  results  can  be  obtained,  there 
is  every  reason  why  the  inundated  land  in  the  valley  of  the  Ganges  should 
be  reclaimed.  That  there  is  every  reason  for  hoping  so  there  can  be  little 
doubt,  for  the  simple  reason  that  earth-work  in  northern  Bengal  can  be 
done  at  half  or  even  one-third  of  the  rates  paid  in  Burmah,  while  the 
actual  value  of  land  in  Bengal  is  much  greater  than  in  Pegu. 

Even  in  this  thinly  populated  province  of  British  Burmah,  we  find  by 
Mr.  Fennessy's  report,  that  the  Burmese  fully  appreciate  the  value  of  the 

*  Taking  the  value  of  an  acre  at  only  lis.  20,  if  only  half  a  mile  of  land  was  reclaimed 
the  outlay  on  these  embankments  would  be  recovered ;  while  probably  a  strip  live  miles 
hroad  would  be  saved  from  inundation,  thereby  improving  the  climate  also. 


land  reclaimed,  as  at  one  part  he  says  : — "  I  am  informed  by  the  Deputy 
Commissioner  that  even  now  (May,  1863,  before  the  work  had  been  com- 
menced) the  people  are  fighting  about  the  land,  setting  up  their  landmarks, 
and  burning  or  cutting  away  jungle : "  and  again  in  his  report,  dated 
November,  1865,  he  says: — "From  the  energy  with  which  the  cultivators 
worked  last  season,  there  is  no  doubt  that,  in  a  few  years  hence,  these 
extensive  tracts  of  poisonous  jungle  and  marsh,  hitherto  the  refuge  of 
wild  animals  and  dacoits,  will  become  one  vast  plain  of  rice  cultivation, 
inhabited  by  a  prosperous  population."  And  still  further  on,  he  says  : — 
"  Indeed  they  are  now,  at  many  places,  along  the  proposed  line  of  works, 
reviving  old  claims  (dating  20  or  25  years  back)  to  certain  tracts  which, 
though  at  present  growing  nothing  but  jungle,  were  at  one  time  hereditary 
estates,  and  abandoned  in  consequence  of  the  encroachments  of  the  river." 

If  such  be  the  effect  where  there  is  not  one-tenth  the  population  which 
we  have  in  Bengal  per  square  mile,  how  much  more  will  the  reclaimed  land 
be  valued  along  the  banks  of  the  Ganges  and  its  tributaries  ?  This  recla- 
mation is  not,  however,  confined  to  northern  Bengal,  but  will  extend  to 
Assam,  and  when  once  a  laud  communication  is  opened  out,  connecting  the 
thickly  populated  districts  of  Dinajepore,  Maldah,  Purneah,  with  the  rich 
but  waste  plains  along  the  valley  of  the  Burhampootra,  we  shall  bear  no 
more  of  complaints  of  want  of  labour  among  the  Assam  tea  planters. 

It  appears  hardly  necessary  to  dwell  longeron  the  advantages  of  banking 
off  the  inundation  water,  but  they  may  be  summed  up  under  the  following 
heads : — 

1st.  Additional  area  of  laud  reclaimed. 

2nd.  Protection  of  this  land  from  injury. 

3rd.  Power  of  controlling  the  quantity  of  water  required  for  irrigation. 

4th.  Improvement  of  climate. 

5th.  Means  of  communication  afforded  by  these  embankments  at  all 
seasons. 

Lastly.  Not  only  increase  of  revenue  to  the  state,  but  the  security 
given  by  these  embankments  against  failure  of  crops,  and  loss  of  revenue 
consequent  thereon. 

In  conclusion,  it  is  to  be  hoped  that  the  information  given  regarding 
the  comparative  cost  of  transport  over  roads,  railways,  and  canals,  with  the 
facts  which  have  been  collected  on  this  important  subject,  will  tend  to  the 
material  welfare  of  India,  one  of  the  richest  countries  in  the  world,  which 
an  all-wise  Providence  has  entrusted  to  the  care  of  a  Christian  Govern- 
ment. 


THE    ABRADING   AND    TRANSPORTING    POWER   OF    WATER. 

{Continued  from  page   153). 

With  Reeeeence  to  Ieeigation  in  India. 

{Illustrated  by  Plate  350.) 

Probably  in  no  class  of  engineering  works  is  a  correct  knowledge  of  the 
abrading  and  transporting  power  of  water  more  essential  than  in  designing- 
irrigation  canals,  which  in  many  countries,  and  especially  in  India,  have 
already  attained  the  proportions  of  a  moderate  sized  river.  Thus  Mr. 
Beardmore,  speaking  of  the  Ganges  Canal,  during  the  discussion  last  year, 
at  the  Institution  of  Civil  Engineers,  on  irrigation  in  India,  said  "  it  should 
rather  be  called  the  new  Ganges  high  level  river,  as  its  volume  was  about 
equal  to  that  of  the  River  Thames,  at  Kingston,  when  flooded  about  two  or 
three  feet  above  summer  level." 

As  the  report  of  Proceedings  of  the  Institution  of  Civil  Engineers  for 
1867-68  has  now  appeared,  we  are  enabled  to  give  more  extended  quotations 
from  Mr.  Login's  paper  upon  this  subject,  which  has  been  published  in  a 
separate  form  in  conjunction  with  the  papers  of  Mr.  Wilson  and  Mr.  Higgin, 
under  the  able  editorship  of  Mr.  James  Forrest,  the  secretary  to  the  Insti- 
tution.    Mr.  Login  states  : — 

"  That  the  power  of  water  to  hold  matter  in  suspension  is  directly  as  the 
velocity,  and  inversely  as  the  depth.  He  also  suggests  that  water  in  motion 
rolls  rather  than  slides,  and  that  it  is  owing  to  this  rotary  motion,  that 
water  has  the  power  to  hold  matter  in  suspension.     Further,  that  with 
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riven  velocities  and  cleaned  depths,  only  a  certain  quantity  of  matter  can 
be  held  in  suspension,  whatever  may  he  the  character  of  the  bed  and  banks 
of  the  river  or  canal.  If  the  velocity  be  increased,  and  the  depth  remain 
constant,  scour  will  take  place.  If  the  velocity  be  decreased,  and  the 
depth  is  the  same,  there  will  be  deposit.  To  such  an  extent  is  this  the 
case,  that  at  velocities  sufficient  with  pure  water  to  carry  along  large 
stones,  a  sandy  or  clay  bed  would  be  lefc  undisturbed  when  once  the  water 
had  got  its  proper  load  of  silt,  thereby  indicating  that  in  every  case  nature 
has  adapted  the  channel  to  the  circumstances,  ft  has,  however,  to  be 
borne  in  mind,  that  the  real  bed  in  many  cases  may  be  considerably  below 
the  apparent  one  after  floods  and  this  must  be  provided  for.  Instances 
could  be  adduced  in  illustration  of  these  views. 

With  reference  to  the  best  slopes  for  canals,  and  how  the  slopes  are  to  be 
regulated,  it  is  essential,  in  the  first  place,  to  ascertain  what  is  the  slope  of 
the  river,  when  not  in  flood,  from  which  a  supply  is  to  be  drawn  off,  under 
circumstances  similar  to  those  of  the  canal  to  be  constructed — that  is,  as  to 
depth  and  soil :  and  then  to  make  a  small  allowance  for  the  tortuous  course 
of  the  natural  river.  By  neglecting  these  indications  of  nature,  and  acting 
on  preconceived  notions,  errors  are  likely  to  arise.  For  example,  much  has 
been  said  about  the  excessive  slope  of  the  Ganges  Canal;  but  the  experience 
gained  daring  the  last  five  years  has  shown  that,  with  velocities  which  with 
pure  water  would  most  certainly  have  scooped  out  the  bed,  there  has  been 
a  steady  silting  up  of  the  bed.  (Plate  350,  Fig.  2.  Section  of  the  Ganges 
Canal  at  Koorkee).  This  is  owing  to  the  nature  of  the  -water  admitted 
into  the  caual.  which  from  October  to  March  is  nearly  pure;  but  as  soon 
as  the  snow  begins  to  melt  in  April,  the  water  is  highly  loaded  with  silt. 
This  is  carried  down  the  canal  in  the  hot  season,  and  is  deposited  over  the 
canal  bed,  to  be  again  picked  up  and  carried  forward  in  the  cold  season, 
when  the  water  becomes  more  pure.  The  slope — that  is  the  velocity,  or  in 
other  words,  the  abrading  and  transporting  power  to  be  given — should  he 
such  that  the  deposits  should  be  balanced  by  the  abrasion.  Experience  on 
the  Ganges  Canal  has  shown  that  this  requires  a  mean  velocity  of  about 
Sfft.  a  second,  with  a  surface  slope  a  little  less  than  14in.  in  the  mile.  This 
slope  and  velocity  might  be  modified  by  admitting  more  water  into  the 
canal  during  the  six  hot  weather  months,  when  the  slope  would  have  to  be 
increased;  or  should  tin- hot  weather  supply  be  diminished,  the  slope  would 
have  to  be  decreased.  Under  such  circumstances,  it  is  evident  that  vege- 
tation cannot  exist  in  the  main  canal  where  the  bed  is  never  constant ;  and 
in  the  minor  channels  the  clearance  of  weeds  is  a  matter  of  no  great  diffi- 
culty. The  experience  thus  gained  is  also  important  in  its  bearing  on  the 
question  of  navigation.  In  the  course  of  a  previous  discussion  at  this  in- 
stitution, on  the  employment  of  steam  power  on  canals,  it  was  proved 
that  velocities  exceeding  3J-  miles  an  hour  caused  a  wave  of  translation 
which  would  injure  the  banks.  Now,  as  it  is  requisite  to  have  a  mean 
velocity  of  2£  miles  an  hour  for  the  Gauges  canal,  it  follows  that,  in  forcing 
a  boat  Op  against  the  stream  only  Si  miles  an  hour,  a  speed  of  only  1  mile 
an  hour  could  be  attained,  and  that  any  attempt  at  quicker  velocities  would 
injure  the  banks;  so  that,  irrespective  of  the  loss  of  power  in  stemming  a 
in  running  al  'J.\  miles  an  hour,  the  banks  could  not  stand  if  there  was 
quick  navigation.  Hence  it  would  appear,  that  an  almost  still-water  canal 
quired  for  navigation,  in  addition  to  the  present  canal,  which  however 
may  be  used  for  down-country  traffic. 

'•  With  reference  to  the  mode  of  regulating  the  slope  of  canals,  it  is.pro- 
!  to  refer  t'i  gome  suggestions  on  the  construction  of  canal  falls.  Que 
of  the  greatest  problems  for  the  canal  engineer  is  the  best  method  of 
dealing  with  the  excessive  slope  of  the  country  through  which  an  artificial 
river  lias  to  flow.  In  nature  this  is  provided  as  follows  :  —  First,  by  water- 
fall-, which  abound  in  all  hilly  countries.  Secondly,  by  harriers  of  luck, 
Stretching  like  weirs  across  the  channel  of  the  river,  also  met  with  among 
the  bill'.  Thirdly,  by  rapids  formed  of  boulders  that  bare  been  carried 
down  the  river,  and  thus  create  what  may  be  called  temporary  .weirs  or 
barriers.  And  lastly,  where  day  or  sand  exists,  nature,  by  making  the 
course  oft:  tortuous,  adds  to  the  length  of  the  river,  thus  practi- 

cally reducing  the  slope,  and,  to  a  minor  extent,  the  (low  i<  also  retarded 
by  lie  sudden  bends  in  the  river,  which  tend  to  check  the  velocity  and  to 
increase  the  depth. 

"The  last  plan  appears  to  have  been    almost  invariably    adopted  by 

engineers  in  former  limes;  and  in  tbi  lay  it   is  still  to  be  --ecu  in 

Egypt.     In  India,  al-'..  several  examples  of  tb<  found;  and 

'■     est  and  best-payinj    canals  in   Upper   India — the  Western 

Jumna  Canal — is  constructed  on  tbis  principle. 

"When  survey  in  the  author  fouud  indicatii 

like  nature,  with  ma  tea  and  sluices,  hut    in  no  case  did  ho  dis- 

rover  any  falls.      .W.i.  .    Ali    Murdiiii     Khan,    by    adopting  this  tOP 

toons,  or  rather  zig-:  dongtbet  ipof  a  rid  lie  in  a  raw 

miles  to  bring  tfa  om  the  high  ground  of  the  Bhai  lelow 

lands  of  the  Khadur.    The  fall  of  the  country   v.  .  .  that  anj 

ii    line,   or  even   to  follow   the  cour t'  tbe  nnall 

'  nullahs  '  on  each  side  would  cerl  ilnly  have  led  toarel 

The  ess  of  the  m  found  In 


the  fact,  that  the  remains  still  exisi  of  the  extensive  gardens  of  Sodrah, 
which  were  irrigated  by  the  water  of  this  canal. 

"  It  does  not  appear  who  was  the  first  to  introduce  falls  on  canals  in  India. 
But  tbe  subject  can  only  have  been  recently  appreciated,  as  Lieutenant 
(now  Colonel  Sir)  Proby  T.  Cautley  had  to  build  masonry  falls  to  the 
Eastern  Jumna  Canal  after  it  was  opened.  The  experience  then  gained 
led  to  the  adoption  of  the  ogee  form  of  fall  (though  several  others  were 
suggested)  for  the  Ganges  Canal.     (See  Figs.  8  &  9.) 

"Tbe  change  recommended  by  the  author  while  the  canal  works  were  in 
progress,  was  to  lower  the  flooring  of  the  fall,  so  as  to  form  a  cistern  to 
receive  the  descending  water.  (Figs.  4  &  5,  Zig-zag  Falls.)  A  Freueh 
engineer  also  recommended  to  Sir  Proby  (then  Major)  Cautley,  a  series  of 
broad  steps;  and  in  1862-3  this  was  partially  carried  out  by  the  author 
on  all  the  falls  in  the  first  division  of  the  Ganges  Canal,  by  securing  a 
framework  of  timber,  5fc  in  height,  above  the  crown  of  the  ogee,  instead 
of  trusting  to  sleepers,  which  were  constantly  giving  way.  (See  Fig.  9, 
No.  2.)  By  this  arrangement  the  water  is  held  up  to  the  level  originally 
intended  by  the  projector;  and  it  is  a  remarkable  fact  that,  though  there  is 
a  perpendicular  fall  of  5lt.  or  more  on  the  crown  of  the  ogee,  no  injury  has 
as  yet  been  done  to  the  brickwork  at  the  point  where  the  water  impinges. 
Probably  this  is  owing  to  the  water  which  passes  through  the  open  spaces 
of  the  timber  framework  forming  a  cushion  for  the  descending  water. 

"Where  the  deepening  of  the  canal  bed  was  excessive,  owing  to  the  in- 
creased velocity  of  the  stream,  prior  to  18G2,  and  the  next  set  of  falls  was 
lljV  miles  lower  down  the  canal,  back  water  could  not  be  held  on  the  floor- 
ing of  the  Mahmoodpoor  falls.  The  brickwork  here  being  inferior  could 
not  withstand  the  violent  action  it  was  exposed  to,  and  hence  the  serious 
accidents  to  this  work  in  1862.  (See  Fig.  8  at  A  B  ;  C  D ;  E  F.)  But  by 
throwing  a  submerged  weir,  3J:ft.  high,  across  the  chambers  of  the  falls,  a 
cistern  was  formed  to  receive  the  descending  water,  and  the  violent  action 
was  at  once  overcome.  (See  Fig.  9,  No.  2  at  B.)  For  the  last  five  years, 
therefore,  since  these  arrangements  have  been  carried  out,  the  canal  bed 
has  been  gradually  silting  up,  and  little  or  no  serious  injury  has  resulted 
to  the  works,  except  to  the  Jowlco  falls,  the  circumstances  of  which  were 
similar  to  those  of  the  Madmoodpoor  falls.  It  is  proper  that  these  facts 
should  be  known,  before  other  descriptions  of  falls  are  considered,  as  those 
on  the  ogee  principal  have  been  so  generally  condemned.  Sir  Proby  T. 
Cautley  in  adopting  tbis  plan,  in  preference  to  others,  feared  the  concussion 
and  the  tremor  that  might  be  caused  to  works  resting  on  quicksands, 
which  would  probably  loosen  some  of  the  bricks,  and  it  is  possible  that  this 
has  happened  in  cases  where  the  floorings  rest  on  arches. 

"The  plan  for  overcoming  the  excessive  slope  of  the  country  on  the 
Barrec  Doab  Canal  is  chiefly  by  perpendicular  falls,  the  water  being  re- 
ceived into  a  cistern.  Kapids  have  likewise  been  used  where  boulder 
stones  were  plentiful'  In  Madras  perpendicular  falls  are  also  employed,  but 
instead  of  the  water  falling  into  a  cistern,  it  impinges  on  a  llooi  ii:g  of  ashlar 
work.  As  the  slope  of  the  deltas  in  Madras  is  comparatively  little,  falls 
are  not  so  necessary,  and  as  good  building  stone  can  be  obtained  at  a 
moderate  cost,  a  simpler  description  of  fall  is  sufficient. 

"  A  system  of  under  sluices  has  been  suggested  by  Colonel  Fyfe.  This 
was  thought  of  for  the  Ganges  Canal,  but  it  was  considered  that  nothing 
but  cast-iron  sluices  could  stand,  and  twenty-live  years  ago  this  was  deemed 
impracticable,  as  there  was  not  a  smith  in  the  country  who  could  weld 
together  two  pieces  of  English  iron.  Mr.  Parker  has  proposed  to  C  'iitract 
tbe  water-way  at  the  falls,  so  us  to  preserve  a  parallelism  between  the  sur- 
face of   the    water  and    the    bed,   which  has  the  great  recommendation  of 

cheapness. 

"  In  the  present  day,  the  engineer  has  to  avi  id  both  injury  to  the  laud 
and  tn  the  climate,  and  instead  of  copying  nature,  by  making  the  course  Oi 
an  artificial  river  tortuous,  aud  permitting  marshes  to  exist,  an  artificial 
river  should  be  so  designed  that  tbe  least  possible  area  ol  land  may  be  in- 
jured, and  the  climate  improved  rather  than  rendered  more  unhealthy. 
The  last  of  the  four  natural  methods  of  operation  previously  adverted  to 
mus',  therefore,  he  discarded,  and  some  other  plan  adopted,  the  study  of 

natural  provisions   being  still  kept  in  view,  as  forming  the  best  guide. 

"Theflrsl  of  the  tour  mentioned  relate  to  water-falls,  but  these  only 
exist,  where  I  i  predominate.    The  third  example,  that  of  rapids,  is 

found  in  all  the  rivers  which  drain  the  southern  lace  ol  the    Himals 
which  has  already  undergone  the  action  ol  water.    Those  actions  are  do 
permanent,  but  y.>r  alter  year  the  boulders  of  which  they  consist  are 
rolled  forward,  grinding  and  abrading  each  other,  till  'hey  ultimately  be 
come  sand  or  mud.    The  action  of  the  water  over  them  is  also  excessive, 
which  is  overcome  by  lengthened  slopes;  consequently  this  plan  oju    only 
i.  ■  adopted  where  boulders  can  be  procured  in   large  quantities  and  |ai 
little  cost.     Hence  11  appears  that,  under  mi   I  circumstanc  -.  recourse  must 
be  had  to  the   econd  mode  of  overcoming  excel  ivi  dope  .  namely,  barriers, 
they  are  technically  termed,  "  weirs."     Belts  of  hard  rook  have  been 
thrown  up  al  certain  distances  ai  I  Brs  In  Southern 

India,  winch  hold  np  thesui   u  e water  al  Intervals  with  doepreachi  - 

n  .  an  1  so  dap  are  the  reael.es,  and  so  slow  the  Stream,  that  in  some 
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cases  it  is  intended  to  make  use  of  them  for  navigation,  passing  the  barriers 
by  locks.  It  is  found,  however,  that  above  each  barrier  there  is  deep  water 
where  except  during  floods  the  surface  of  the  water,  comparatively  speak- 
ing, is  nearly  horizontal,  though  when  the  river  is  at  its  highest,  these 
barriers,  or  rapids,  sometimes  almost  disappear,  being  only  observable  by  a 
slight  '  swirl '  on  the  surf -ice  over  the  site  of  the  obstruction,  as  in  the  case 
of  the  Madras  anicuts.  This  is  found  to  be  the  case  with  rapids  on  the 
rivers  of  Northern  India;  (See Fig.  3)  and  it  is  well  known  that  it  is  quite 
possible  to  ford  the  Ganges  in  the  dry  season  on  an  elephant,  at  the  head  of 
a  rapid,  but  quite  impossible  to  do  so  below  one,  owing  to  the  great  depth 
of  water.  In  short  the  bed  of  the  river  is  in  no  case  parallel  to  the  surface 
of  the  water,  but  in  almost  every  instance  slopes  upwards  from  the  foot  of  one 
rapid  to  the  head  of  the  one  immediately  below.  Again,  if  these  rapids, 
or  fords,  be  examined,  it  will  be  found  that  they  are  never  situated  where 
the  channel  is  contracted  ;  and,  instead  of  crossing  the  stream  at  right 
angles,  they  are  generally  oblique  to  it,  and  on  other  occasions  curve  down- 
wards to  the  stream.  It  is  evident  that  nature  adopts  this  peculiarity,  on 
purpose  to  extend  the  length  of  the  rapid,  and  thus  reduce  the  action.  In 
England,  from  the  time  that  water  has  been  used  as  a  motive  power,  mill 
dams  and  weirs  are  found  to  be  situated  in  the  broadest  reaches  of  the 
rivers,  and  generally  oblique  to  their  course. 

"  It  is  remarkable  that  where  weirs  are  thrown  across  the  bed  of  a 
river,  they  do  not  appear  to  raise  the  bed  to  any  great  extent  on  the  up 
stream  side;  and  instances  have  been  known  where  it  was  difficult  to  raise 
laden  boats  sunk  above  weirs,  but  no  sooner  did  a  flood  pass  down,  than  the 
boat  was  lifted  out  of  the  deep  water,  and  carried  over  the  weir— thus 
showing  an  action  on  the  bed  of  the  up  stream  side  to  a  considerable  depth. 
With  examples  like  these,  it  is  evidently  impossible  to  attempt  to  hold  up 
the  bed  of  an  artificial  river  by  bars  or  bridge-floorings,  and  any  endeavour 
to  do  so  only  causes  a  disturbance  in  the  flow  of  the  stream.  On  the 
Ganges  Canal,  when  first  opened,  and  until  sleepers  were  put  in  the  grooves 
above  the  falls,  deep  holes  were  scooped  out  of  the  bed,  on  the  up  stream 
side.  At  the  first  fall,  at  Raneepoor.  this  occurred  to  a  dangerous  extent, 
as  at  one  point  the  hole  was  upwards  of  20ft.  deep. 

"  In  nature  the  slope  of  the  surface  of  a  river  is  never  constant,  but 
varying  according  to  the  volume  discharged.  It  is  always  greatest  during 
floods,  and  this  holds  good  in  the  plains,  as  well  as  among  the  hills.  In 
dry  weather  the  stream  never  keeps  the  centre  channel,  but  changes  from 
side  to  side,  thus  adding  still  more  to  the  length  and  reducing  the  slope. 
It  has  been  supposed  that  stiff  clay  will  prevent  the  abrasion  of  the  bed ;  but 
this  appears  to  be  an  error,  for  the  stiffest  clay  will  be  cut  through  in  time,  if 
the  velocity  of  the  current  be  too  great.  In  Robison's  "  Mechanical  Philo- 
sophy," it  is  stated,  "that  a  velocity  of  3in.  per  second  at  the  bottom  will 
just  begin  to  work  upon  fine  clay  fit  for  pottery,  and,  however  firm  and 
compact  it  may  be  it  will  tear  it  up.  ...  A  velocity  of  6in.  will  lift 
fine  sand;  Sin.  will  lift  sand  as  coarse  as  linseed;  12in.  will  sweep  along 
fine  gravel;  24in.  will  roll  along  rounded  pebbles  and  inch  diameter;  and 
it  requires  3ft.  per  second  at  the  bottom  to  sweep  along  shivery  angular 
stones  of  the  size  of  an  egg.'  In  practice,  however,  it  is  found  to  be 
different,  and  deposits  take  place  with  velocities  far  in  excess  of  this.  The 
author  has  found  in  Upper  India,  that  three  times  the  velocity  is  required 
to  hold  in  suspension  the  earthy  matter  admitted  into  canals  from  turbid 
rivers  that  would  be  sufficient  to  disturb  and  roll  along  the  same  description 


of  matter  over  the  bed  if  the  water  was  pure.  A  clay  bed  is  no  doubt  a 
great  advantage,  as  it  prevents  absorption,  and  on  this  account  it  should 
not  be  cut  through  if  possible. 

"It  is  now  proposed  to  describe  a  new  description  of  fall,  recommended 
by  the  author  for  the  Eechna  Irrigation  Works,  which  appears  to  meet 
most  of  the  difficulties  alluded  to.  Before  doing  so,  however,  a  table  is 
given  below,  showing,  approximately,  the  sections  and  slopes  best  adapted 
for  irrigation  canals  and  water  courses  in  Northern  India. 

"  The  experience  gained  on  the  Ganges  Canal  tends  to  prove  that  both 
the  depth  and  the  slope  may  be  increased.  A  Committee  lately  recom- 
mended a  reduction  of  about  lin.  per  mile,  less  than  that  intended  by  Sir 
Proby  Cautley ;  thus  showing  that  the  flow  of  water  is  retarded  consider- 
ably, by  having  a  load  of  earthy  matter  to  transport. 

"With  the  quantity  of  silt  carried  down  by  the  canals  in  Northern 
India,  it  10  per  cent,  be  added  to  the  slope  given  in  the  table,  probably  a 
close  approximation  to  the  actual  state  of  matters  will  be  arrived  at,  with 
a  corresponding  reduction  of  the  widths  and  increase  to  the  depths  of  the 
channel.  From  the  table  it  will  be  seen  that  the  best  slope  for  a  canal  in 
Upper  India,  discharging  5,000ft.  per  second,  is  about  13jin.,  or  l-15ft.  in 
the  mile.  Taking  the  Ganges  Canal  as  an  example,  it  is  found  that  the 
flooring  of  the  regulator  at  the  head  is  133ft.  above  the  canal  bed  at  the  end 
of  the  50th  mile,  and  217ft.  at  the  end  of  the  100th  mile.  Therefore  the 
general  slope  of  the  country  in  the  first  50  miles  is  2-66ft.  per  mile,  and  in 
the  second  50  miles  l-68ft.  per  mile.  In  the  first  50  miles,  therefore,  the 
excessive  fall  would  be  751ft.,  and  in  the  second  50  miles  261ft.  In  the 
first  instance,  with  steps  of  only  5ft.  each,  15  falls  would  be  required,  or, 
on  an  average,  one  fall  at  every  31  miles ;  or,  in  other  words,  no  road 
bridges  would  probably  be  required  along  these  first  50  miles,  except  for 
one  or  two  high  roads.  Again,  along  the  next  50  miles  only  ten  road 
bridges  and  five  falls  would  be  necessary ;  or,  in  all,  20  falls  and  10  bridges. 
Along  the  first  100  miles  of  the  Ganges  Canal  there  are  three  regulating 
bridges,  30  road  bridges,  and  11  falls  with  bridges — in  all  44  bridges. 
Leaving  the  regulating  bridges  out  of  consideration  (as  probably  necessary 
under  any  circumstances),  still  there  would  be  a  saving  of  10  bridges  in 
the  100  miles. 

"  Supposing  the  proposed  '  zig-zag  '  falls  to  cost  only  one-half  less  than 
those  on  the  Ganges  Canal,  and  double  the  price  of  road  bridges,  or  say 
£4,000  each,  there  would  be — 

Thirty  road  bridges  at  £2,000  each  =  £60,000 
Eleven  falls at  £8,000  each  =  £88,000 

Total £148,000 


Against  ten  road  bridges  at  £2,000  each 
And  twenty  zig-zag  falls  at  £4,000  each 


£20,000 
£80,000 


£100,000 
Difference £48,000 

Total £148,000 


or  a  saving  of  nearly  one-third  in  masonry  works  for  bridges  and  falls  along 


Table  showing  approx 

imately  the  Sections  and  Slopes  probably  best  adapted  for  Irrigation 

Canals  and  Water  Courses  for  Northern  India. 

Calculated  Sections. 

Proposed  Sections. 

Cubic  Feet 

V. 

Mean 
Velocity 
in  teet 

per 
Second. 

Slope  of 

of 

Discharge  per 

\  Second. 

H. 

Hydrau- 
lic Mean 
Depth. 

Breadth  of 

Channel 
at  Bottom. 

Depth  of 

Water 

with  full 

Supply. 

Slope  of 

Surface  of 

Water  in 

Inches  per 

Mile. 

Breadth 
in  Feet 

at 
Bottom. 

Depth 

in  Feet 

with 

Full 

Supply. 

Surface  of 

Water  in 

inches    per 

Mile  with 

Full 

Supply. 

Side 
Slopes  of 
Channels. 

Remarks. 

cubic  feet. 

feet. 

feet. 

feet. 

feet. 

inches. 

50 

2 

2 

2.V 

4 

15 

2 

41 

161 

1    tol 

Calculated  on  Beardmore's  Formula. 

100 

2i 
21 

21 
31 

4» 

15 

4-3. 

5 

141 

13^ 

4 
131 

64 

51 

16 
14| 

1    tol 
1    tol 

11  V  H  X    S  _  y 

250 

12 

500 

2J 

4i 

271 

13 

6 

141 

1    to  1 

Where  H  =  Hydraulic  depth  in  feet. 

o2 

„        S  =  Fall  in  feet  of  surface  of  water  per  mile. 

1,000 

3 

o 

50 

6 

13 

45 

6f 

141 

1    tol 

„       V  =  Mean  velocity  in  feet  per  second. 

2,000 

3i 

6 

77i 

7 

13 

70 

IrS 

141 

11  to  1 

In  no  case   should  the  mean  velocity  exceed  4ft.  per 

1  'I 

second,  3}  probably  being  the  safe  limit,  and  not  less 

3,000 

31 

7 

95 

8 

125- 

85 

8± 

14 

11  to  1 

than  2fft.  for  the  main  channels.     Keeping  in  mind  that 

4,000 

31 

7i 

121| 

81 

12f 

110 

9-r 

14 

11  to  1 

the  greater  the  velocity  the   cheaper  the  section  in  deep 

5,000 

3| 

7J 

147| 

81 

m 

130 

01 

133 

11  tol 

6,000 

3f 

8 

170 

8s 

121 

150 

9| 

132- 

11  to  1 
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the  first  100  miles;  or,  in  other  words,  the  cost  would  be  considerably 
under,  rather  than  over,  the  present  plan. 

"Again,  by  making  use  of  falls  of  5ft.  instead  of  8ft.  or  9ft.,  the  saving 
in  depth  of  digging  would  average  less  by  one-half  the  difference  of  height 
of  fall;  ami  as  by  this  'zig-zag'  fall  system  the  breadth  at  the  falls 
requires  little  or  no  increase  on  the  present  plan  a  considerable  saving  in 
earthwork  would  be  effected. 

"The  next  question  to  be  determined  is,  whether  the  falls  are  likely  to 
stand  the  action  of  the  water.  It  is  proposed  that  the  length  of  the  lip 
should  be  so  extended  that  only  10  cubic  feet  a  second  shall  pass  over 
each  foot,  which  with  a  full  supply  will  require  a  height  of  water  of  about 
2ft.  Now  it  has  been  already  shown,  that  no  injury  has  as  yet  occurred 
to  the  Ganges  Canal  with  two  and  a  half  times  the  volume  descending  an 
equal  height  on  brickwork.  It  is  apprehended  that  there  can  be  little 
danger  where  there  is  a  cistern  to  receive  the  water  ;  and  it  is  also  evident 
thar,  as  this  height  of  fall  increases,  the  volume  of  water  diminishes,  so 
that  there  can  be  little  doubt  of  the  work  standing,  even  if  only  brickwork 
be  used. 

"  With  reference  to  the  utility  of  the  falls,  it  has  been  shown  that,  on 
the  up-stream  side  of  a  weir,  there  is  an  action  on  the  bed,  and  examples 
have  been  given  in  proof  of  this.  Above  all  the  fulls  on  the  Ganges  Canal 
the  bed  is  found  to  be  1ft.  or  more  deeper  than  it  was  originally  excavated, 
though  the  water  is  held  up  5fc.  by  a  framework  of  timber.*  The  water  in 
the  ci.nal,  with  a  full  supply,  may,  therefore,  be  considered  to  be  as  deep 
immediately  above  the  weir  as  at  any  point  higher  up  ;  so  that  when  the 
whole  volume  is  passing  down,  the  depth  will  be  9§ft.  throughout. 

"  Should  the  falls  be  only  3J  miles  apart,  there  would  be  3\ft.  of  water 
at  the  down-stream  side  of  every  fall,  and  73 ft.  on  the  up-stream  side;  or 
the  canal  could  ou  any  occasion  be  closed,  and  yet  contain  one-half  of  a 
lull  supply  in  such  reaches  as  did  not  require  repairs.  Thus,  if  necessary, 
the  injured  works  might  be  repaired,  and  both  above  and  below  such  points 
navigation  and  partial  irrigation  might  be  maintained  during  the  time  that 
the  canal  was  closed." 

We  cannot  enter  into  the  question  of  the  distribution  of  water  where 
Mr.  Login  shows  that,  by  the  adoption  of  this  peculiar  description  of  zig- 
zag fall,  an  almost  uniform  discharge  can  be  secured,  so  that  the  water  may 
be  sold  by  volume  of  discharge,  which  is  one  of  the  great  desiderata  in 
irrigation,  but  will  conclude  our  quotations  with  that  portion  which  in- 
cludes a  description  of  the  several  illustrations  given  in  Plate  351 : — 

"  Plate  350,  Figs.  2  &  9,  will  assist  to  show  at  what  excessive  slopes  the  canal 
was  running,  prior  to  the  time  when  the  author  held  up  the  water  above 
all  the  fills  in  November,  1862.  The  expedient  lor  protecting  the  falls, 
recommended  in  November,  18G1,  was  intended  to  make  use  of  such  mate- 
rials as  werp  available  for  the  purpose.  No.  2  shows  (at  A)  what  was 
carried  out  a  year  later,  under  pressure  of  trying  circumstances,  such  as 
appeared  to  justify  anticipation  of  official  sanction;  and  the  author  ventures 
to  submit,  that  tins  simple  framework  has  mainly  contributed  to  the  saving 
of  the  Ganges  Canal  from  destruction.  It  represents  (also  :tt  1!)  the 
arrangements  for  holding  back  water  on  the  flooring  of  the  Mnhmoodpoor 
falls,  which  were  officially  sanctioned  in  January,  1803,  and  then  carried 
out.  This  work  was  found  in  October,  1867,  to  bo  still  in  perfect  order. 
No,  :;  Bhows  i  I  C)  the  change  that  was  introduced  iu  August, 
1867)    by    removing   the    framework    of  timber  that    had   been   erected 

five  yens  previously,  in    order  I   the  water  above   tile   falls,   and 

substi  brick  wall  protected  by  planking.     Iu   several  parts  the 

brick  ..-i  id.'.-  was,  however,  being  washed  out  at  the  point  of  greatest 
impact.  With  this  exception  the  canal  bed  and  the  works  appeared  to  he 
in  a  most  satisfactory  state,  which  cuinot  but  be  a  matter  of  congratula- 
te ,n  to  all  well  wishers  of  India,  who  know  that  the  lives  of  millions  of 
human  beings  depend  on  this  canal.    Six  years  ago  the  autl  almost 

Daintaining  the  opinion,  that  Uk-  Ganges  Canal  needed  cnly  some 
protects  •  work,  and  did  not  require  the  radical  alterations  then  proposed. 
The  author  will  only  add  the  expression  of  his  linn  conviction,  that  tin- 
works  may  be  [placed  out  of  danger,  by  the  judici  id  and  iron, 
at  ah  aployed,  without  depriving  tin.'  country  oi 
tin-  benefits  of  irrigation  beyond  a  short  time. 

Prom  these  quotations,  and   bj   a  reference  t"  the  d  given  in 

Plate  350,  but  mure  particularly  to  those  marked  Figs.  -  &  0,  it  is  evident 
that  nature  is  the  besl  judge  of  the  proper  velocity  and  slope  required,  if 
the  natural  rivers  of  northern  India  require  si  -  1ft.  in  the 

mile,  it  can   only   cause  delay   ami  einl    in  disappointment  if  we 


give  the  artificial  rivers  slopes  of  only  one-third  or  one-half  which  the 
teachings  of  nature  appear  to  show.  To  enable  us  to  apply  these  readings 
that  they  may  be  adapted  to  the  requirements  of  the  various  circumstances, 
to  some  of  which  we  have  made  reference  in  the  preceding  papers  during 
the  last  few  months,  a  series  of  practical  experiments  on  a  proper  scale 
should  be  undertaken. 

As,  however,  the  subject  is  one  of  national  rather  than  of  limited  impor- 
tance ;  and,  moreover,  as  the  cost  would  be  too  considerable  to  be  under- 
taken by  private  individuals,  such  experiments  should,  we  think,  be 
conducted   for  the  national  advantage:  at  the  cost  of  the  Imperial  treasury. 


•  This  frsmiwort  of  Umber  has  irregular  open  ipsaes,  through  ■  water 

n  tin-  mime   ol  -'tv smell,  tl  ting  an 

on  tie  \     |  inn  at  Iron    Ink 

.  as   to  I"'    op 

thus  reduce 

while  at  the  same  tlmt  aflbrduiR  the  m 


THE  FAIRLIE  STEAM  CARRIAGE. 

On  the  15th  ult.  we  had  the  pleasure  of  witnessing  a  very  interesting 
trial  at  the  Hatcham  Ironworks,  of  the  combined  engine  and  carriage 
designed  by  Mr.  Fairlie.  It  is  intended  to  run  on  a  Metropolitan  Railway, 
and  as  it  was  necessary,  in  consequence  of  the  confined  space  at  the  termi- 
nal stations,  that  its  dimensions  should  be  such  as  to  admit  of  it  beina: 
turned  on  an  ordinary  40ft.  turntable,  the  dimensions  are  somewhat  less 
than  that  recommended  by  Mr.  Fairlie  for  ordinary  cases.  It  will  conse- 
quently accommodate  only  66  passengers,  instead  of  100,  as  recommended. 

The  chief  peculiarity  of  this  steam  carriage,  is  in  the  disposition  of  the 
wheel*,  which  consist  of  two  four-wheeled  trucks  or  bogies,  which  support 
each  end  of  the  carriage.  Upon  the  foremost  bogie,  the  wheels  of  which 
are  4ft.  in  diameter,  is  placed  the  engine  which  is  connected  to  the  carriage 
proper  by  means  of  a  strap  which  encircles  the  base  of  the  upright  boiler  ; 
the  forward  end  of  the  carriage  resting  upon  the  carrier  frame.  The  other 
end  of  the  carriage  rests  upon  a  bogie  provided  with  four  ordinary  carry- 
ing wheels,  3ft.  6in.  in  diameter.  Thus,  although  the  total  wheel  base  is 
apparently  very  long,  the  actual  wheel  base  which  has  to  be  considered 
when  estimating  its  capability  of  passing  round  curves,  is  only  6ft.,  the 
length  of  the  wheel  base  of  each  bogie.  Iu  the  experiments  in  questiou 
the  steam  carriage  travelled  round  a  line  laid  in  a  garden  adjoining  the 
engine  shop  at  Hatcham,  with  the  greatest  facility,  although  the  curves 
were  only  50ft.  radius,  and  the  rails  roughly  laid. 

The  following  are  some  particulars  of  a  carriage  proposed  by  Mr.  Fairlie 
for  ordinary  branch  lines  : — 

Cylinders,  8in.  diameter;  stroke,  12in. ;  coupled  driving  wheels,  4ft. 
diameter.  Steam  pressure  in  boiler,  1501bs.  Effective  pressure  on  pistons, 
lOOlbs.  per  square  inch.  Tractive  power,  l,6001bs.  Diameter  of  trailing 
bogie  wheels,  30in.  Extreme  wheel  base,  57ft.  Clear  width  of  carriage 
inside,  8ft.  Total  weight  of  steam  carriage,  with  fuel  and  water  for  a  40 
miles  run,  14  tons.  Accommodation  for  90  passengers  weighing  6  tons. 
The  steam  bogie  carriage  has  ample  power  to  take  one  additional  light 
carriage,  specially  constructed  to  accommodate  100  passengers,  or  two  light 
carriages  with  50  passengers  in  each,  at  an  average  speed  of  30  miles  p  i 
hour,  up  gradieuts  not  exceeding  1  in  60,  and  with  a  consumption  of  coke 
less  than  one-third  of  the  ordinary  passenger  locomotives  now  in  use.  The 
maximum  weight  on  the  driving  wheels  is  reduced  to  21  tons  per  wheel, 
instead  of  5  to  8  tons  on  a  wheel  as  now  ordinarily  in  use,  thus  effecting 
jrreat  economy  in  the  maintenance  of  way,  and  wear  an  1  tear  of  rails. 
From  the  extreme  length  ot  wheel  base,  the  steam  carriage  will  he  remark- 
ably steady  it  high  speeds  when  running  in  the  straight  lino;  and  by  the 
arrangement  of  the  double  bogie  can  pass  round  curves  of  tin!  small--' 
radii  now  in  use  with  great  precision  and  steadiness,  and  at  the  termini  can 
be  turned  -lowly  on  a  semircircle  of  60ft.  in  diameter.     For  the  pur p 

of  repairs,  auxiliary  or  Supplementary  wheels  are  provided  at  the  end  of 
the  carriage  nearest  the  engirj  .  which  may  be  lowered  on  to  the  rails  when 
the  steam  bogie  is  detached  from  the  carriage,  which  can  he  done  in  a  few 
minute-.  Tiie  guard's  compartment  being  next  the  engine,  the  guard  and 
engine-driver  are  in  close  communication,  and  a  platform  with  hand-rail 

roo F  tl]    carriage,  or,  iu  the  case  of  saloon  carriages,  a  pi 

down  the  middle,  is  provided  to  enable  the  former  to  communicate  with 
the  passengers  when  necessary  is  in  motion, 

PATENT  LAW. 

Tin:  Ihiviu.  I.i  i  ii.  \  i  ion. 

{Co  51.) 

'I  he  evidence,  together  with  to  of  the  counsel  in  this  trial,  would 

ap  too  much  space  to  be  reproduoed  lure,  bul   those  of  our  read 
who  desire  to  peruse  the  whole  case  can  obtain  from  Messrs.  Bradshaw  and 
Blacklock  a  volume  containing  Bn  account  of  theontire  trial.    The  sum- 
ming up  of  Mr.  .In-'  -ay   important,  and  we   give  it  in 

men  of  the  jury,  I  notion  brought  bj  Q  oi   a  H    BotUI, 
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who  is  an  engineer,  against  James  Goodier,  wlio  is  a  miller.  It  is  an  action, 
however,  of  a  peculiar  kind;  because  it  is  simply  brought  for  the  purpose 
of  trying  a  question  which  had  appeared  to  the  Master  of  the  Rolls,  in 
another  proceeding,  to  be  fit  to  be  tried  before  a  jury ;  and  that  learned  and 
eminent  person  thought  it  was  better  to  send  it  to  be  tried  in  another  court 
than  to  summon  a  jury  before  himself— no  doubt  wishing  to  have  entirely 
fresh  minds  brought  to  bear  upon  the  question  which  he  has  sent  for  your 
consideration.  He  was  also  willing  that  the  judge  should  be  newly  intro- 
duced into  the  case,  as  well  as  the  jury,  very  likely  thinking  that  the  judge 
would  be  the  chief  justice,  whose  removal  from  this  court  we  all  have  reason 
to  deplore,  and  whose  experiences  in  cases  of  this  description  was  so_  very 
great.  However,  the  task  has  fallen  upon  me,  and  I  must  discharge  it  as  I 
best  can.  Whatever  opinions  I  may  lay  down,  in  point  of  law,  are  the 
result  of  my  best  attention  to  the  case,  and  will  be  binding  for  the  purpose 
of  the  present  day  ;  and  whatever  intimation  I  may  have  given,  if  I  have 
given  any,  or  shall  give  any,  in  the  course  of  the  summing-up,  on  a  question 
of  fact,  is  entirely  open  to  criticism  and  review  by  yon;  because  you  are 
the  exclusives  judges  of  facts.  If  I  should  express  anything  which  may 
appear  to  be  an  anticipation  of  your  verdict,  or  an  opinion  one  way  or  the 
other  upon  a  question  of  fact,  it  would  be  simply  from  my  desire  to  use  com- 
pendious language,  because  if  I  thought  it  was  the  best  way  of  proceeding, 
and  would  not  rather  weary  than  enlighten,  I  should  prefer  simply  reading 
the  questions,  reading  over  my  note  of  the  evidence  from  beginning  to  end, 
and  leaving  the  matter  to  you  without  remark.  I  am  satisfied,  however, 
that  that  would  only  be  doing  over  again  what,  during  the  course  of  so 
many  days,  has  been  going  on  during  the  present  week, — repeating  a  pro- 
cess which  has  had  probably  its  effect — it  may  be  its  full  and  complete 
effect — upon  your  minds,  and  I  shall  therefore  abstain  from  doing  so,  and 
shall  endeavour  to  present  the  case  to  you  in  as  short  and  clear  a  form  as 
I  can. 

"I  will  first  tell  you  what  is  the  law  with  respect  to  such  novelty  as  is 
sufficient  to  sustain  a  patent ;  and,  having  done  so,  tell  you  what  is  the 
construction  that  is  to  be  put  upon  the  specification  of  Mr.  Bovill's  patent 
of  1849,  in  determining  the  question  whether  that  patent  was  anticipated, 
either  in  the  documents  which  have  been  produced  and  submitted  to  your 
inspection,  or  by  the  practice  spoken  of  by  any  of  the  witnesses  who  have 
been  called.  Tn  dealing  with  the  latter  evidence  especially,  I  (shall  endea- 
vour rather  to  classify  it,  to  present  to  you  what  appears  to  me,  subject,  to 
your  better  judgments,  the  results  of  the  evidence  of  the  witnesses,  rather 
than  to  detain  your  by  reading  over  again  everything  that  the  witnesses 
have  stated.  I  need  hardly  tell  you,  gentlemen,  that  a  patent  is  a  grant 
for  the  exclusive  right  to  do  something  for  a  certain  term  ;  and  the  power 
of  making  such  a  grant  is  allowed  to  the  Crown,  but  it  is  restrained  with- 
in certain  limits.  The  Crown  cannot  grant  a  patent  to  anybody  unless 
these  conditions  are  complied  with.  It  must  be  a  thing  which  ispracticolly 
useful  in  the  business  of  life.  There  can  be  no  patent  for  a  mere  idea, 
however  splendid  may  be  the  genius  which  suggested  it.  A  patent  can 
only  be  granted  for  some  idea  which  is  given  to  the  world,  and  which  can 
be  applied  so  as  to  produce  a  useful  result,  which  is  called  in  the  statute 
"  some  sort  of  new  manufacture."  Passing  that  by,  I  may  tell  you  that 
if  this  patent  is  what  it  professes  to  be,  it  does  contain  such  elements  of 
utility  as  would  fulfil  that  condition.  I  will  say  no  more.  It  must  be 
assumed  as  certain  that  it  does.  A  long  investigation  has  taken  place  be- 
fore the  Master  of  the  Rolls  upon  the  subject;  and  that  learned  judge,  if 
he  had  thought  there  was  any  doubt  as  to  utility  which  he  wished  to  have 
solved  would  no  doubt  have  sent  that  matter  for  your  consideration. 
With  great  deference  to  some  strong  remarks  of  the  learned  counsel  for 
the  defendant,  which  I  do  not  wish  to  touch  upon  at  any  length,  when  the 
first  judge  before  whom  a  question  comes  arrives  at  a  conclusion  satisfac- 
tory to  his  mind  in  the  affirmative  of  that  question  for  one  party  or  the 
other,  it  is  not  unfair,  but  it  is  most  just  and  proper,  that  he  should  decide 
that  at  once,  so  that  the  parties,  instead  of  litigating  for  a  lifetime, — or 
the  litigation  may  last  for  an  age,  and  a  lifetime  comes  far  within  these 
limits, — a  decision  should  at  once  be  made.  That  is  decided.  Secondly,  it 
is  necessary  there  should  be  novelty  in  the  invention;  and  as 
novelty  must  consist  in  the  discovery  of  some  improvement — I  will  say  in 
manufactures  for  this  purpose,  for  I  do  not  mean  to  deliver  a  treatise 
upon  the  Patent  Laws,  a  suggestion  of  something  beneficial  that  can  be 
done  in  the  arts,  either  a  discovery  of  some  entirely  new  process,  or  a  dis- 
covery of  a  mode  of  improving  a  process  which  was  previously  known.  A 
mere  idea  or  principle  I  have  already  excluded,  and  therefore  I  need  not 
exclude  it  again  in  speaking  of  novelty.  It  must  be  new  in  this  sense 
that  the  man  who  gives  it  to  the  world,  and  who  claims  the  use  of  it  to 
himself,  or  those  to  whom  he  sells  it  by  way  of  absolute  sale  or  license — 
a  patentee  in  a  word— should  have  added  something  to  the  sum  of  know- 
ledge in  the  way  of  principle  and  of  idea,  aud  should  also  have  given  some 
new  process,  or  some  improvement  upon  an  old  process,  by  which  that 
principle  is  worked  out  to  a  beneficial  result.  Thirdly,  there  must  be  an 
infringement.  VVith  respect  to  that  I  make  the  same  remarks  that  I  did 
with  reference  to  utility.     What  Mr.  Goodier  has  done — not  that  which  is 


completely  indicated,  or  to  be  taken  as  completely  indicated,  by  the  models 
produced,  but  that  which  it  is  proved  he  had  done,   although  those  models, 
so  far  as  they  go,  suggest  a  different  arrangement  from    the  patent  of 
Mr.  Bovill  of  1849  —must  be  taken  into  consideration  in  determining  the 
limits  of  that  patent.     The  infringement,   so  far  as  the  infringement  as  a 
separate  question  is  concerned,  has  been  decided  by  the  Master  of  the 
Rolls ;  and  I  beg  leave  to  say — because  it  would  be  wrong  that  I  should 
pass  over  what  has  been  said  with  respect  to  the  supposed  inconsistency  in 
the  judgment  of  that  eminent  Judge— that  there  was  no  inconsistency  at 
all  in  his  directing  an  issue  as  to  the  novelty  of  Mr.  Bovill's  patent,  and  in 
directing  no  issue  as  to  the  infringement  of  Mr.  Goodier  ;  and  at  the  same 
time  saying,  that  the  arrangements  of  Mr.   Goodier  might  be  referred  to 
by  the  counsel  for  the  defendant  for  the  purpose  of  showing  the  jury  what 
was  the  extent  of  Mr.  Bovill's  patent  in  the  sense  in  which  he  understood 
it ;  and  for  this  reason,  because,  when  I  come  to  observe  upon  Mr.  Bovill's 
patent  by-and-by,  I  shall  take  occasion  to  say,  as  Mr.  Nasmyth  did  on  the 
first  or  second  day  of  the  case  during  the  plaintiff's  evidence,  that  all  the 
elements  of  Mr.  Bovill's  patent  are  old,  that  all  the  elements  of  that  which 
was  produced  as  done  by  Mr  Goodier's  are  old,  except  in  arrangement,  and 
that  the  question  whether  Mr.   Goodier's  arrangement  is  an  infringement 
of  Mr.  Bovill's  patent  depends  upon  its  action,  and  depends  upon  the  ques- 
tion whether  that  action  produced  the  result  of  the  new  and  useful  appli- 
cation which  Mr.  Bovill  says  he  has  hit  upon  iu  bis  patent  of  1849.    I 
think  you  will  at  once  see  that  the  two  are  not  inconsistent,  but  perfectly 
reconcilable  and  just;  the  learned  judge  who  sent  the  issne  being  satisfied 
that  in   working  Mr.  Goodier's  contrivance   he  did    do  that  which  Mr. 
Bovill  has  pointed  out  the  means  of  doing  in  his  patent  of  1849,  and  did 
do  it   under  conditions  in  which    it    was  an  infringement, — namely,  by 
regulating  the  extent  to  which  air  was  drawn  off  by  means  similar  to,  or 
in  imitation  of,  Mr.  Bovill's.     And  here  I  will  add  but  one  word  more, — 
that  which  is  an  infringement  of  a  patent  is  not  necessarily  the  exact  patent 
process  itself.     You  seldom  find  an  infringer   who  is  clumsy  enough,  and 
barefaced  enough,  to  put  up   the  exact  thing  which  he  finds  in  the  plan 
annexed  to  the  patent.     He  puts  up  something  which  is  somewhat  different 
in  form  ;  but  it  he  puts  it  up  so  as  to  work  in  the  same  way  and  to  arrive 
at  the  same  result  by  the  application  substantially,  no  matter  in  what 
form,  of  the  principle  which  is  pointed  out  by  the  patent,  he  infringes  the 
patent.     It  may  be  he  has,  in  his  endeavour  to  conceal  his  infringement,, 
introduced  parts  which  would  only  be  introduced  in  a  direct  copy  of  the 
patent,  and  it  may  be  he  imperfectly  gets  at  the  result,  though  he  does  get 
at  the  result  contemplated  by  the  patent  and  by  the  same  means.     That  is 
a  simple  explanation  of  why  it  is  that  we  are  trying  the  novelty,  and  not 
the  imitation,  and  without  any  of  those  tremendous  results  which  one 
would  suppose  were  pointed  out  to  you  if  the  object  of  this  proceeding  were 
to  endeavour  to  indue  you  to  do  something  that  should  interrupt  or  defeat 
the  course  of  justice  instead  of  assisting  in  arriving  at  the  truth.     With 
respect  to  that  of  Mr.  Goodier,  as  I  have  introduced  it,  I  am  bound  to  say 
this,  that  if  I  had  not  agreed,  upon  consideration,  with  the  judgment    of 
the  Master  of  the  Rolls,  that  Mr.  Goodier's  process,  if  so  worked  as  to  ex- 
haust the  plenum,  as  it   has  been  called— an  unfortunate  expression,  but 
still  intelligible  enough,  I  should  think — I  can  entertain  no  doubt  that  it 
was  an  infringement  of  the  specification,  read  as  I  should  have  read  it  my- 
self in  the   first  instance,  because,  as  to  Mr.  Goodier's  plan,   where  he 
annexed  the  trunk  a  little  way  down,  or  some  way  down  the  meal -spout — 1 
should  think,  if  that  worked  on  the  mill-case  so  as  to  exhaust  the  plenum 
with  the  regulated  machinery  said  to  be  pointed  out  in  Mr.  Bovill's  patent 
of  1849,  it  would  be  an  imitation  of  Mr.  Bovill's  plan,  though  it  would  not 
work  just  at  the  same  place,  at  the  top  of  the  mill-case.     With  respect  to 
the  other,  instead  of  putting  the  fan  above,  the  fan  is  put  below, — it  lets- 
the  meal  go  down,  and  it  drives  the  air  up  through  that  pipe  into  that 
chamber  of  which  you  saw  a  representation.     With  respect  to  that,  I  think 
say  also,  with  great  humility,  had  I  decided  for  the  first  time,  I  think  that 
is  a  clear  imitation  of  Mr.  Bovill's  patent,  notwithstanding  the  difference. 
I  cannot  perceive  any  difference  in  the  action   between   that  and   Mr. 
Bovill's  patent  if  it  be  worked  so  as  to  exhaust  the  plenum,  and  the  plenum 
only  worked  in  the  regulated  way,  whether  the  fan  is  at  the  bottom  or  at 
the  top,  or  at  the  side,  if  the  fan  has  the  effect  of  blowing  and  sucking, — I 
should  add  blowing  or  sucking  the  air  in  the  space  between  the  mill-stone 
and  the  side  of  the  case,   to  the  extent  that  Mr.  Bovill  says  he  has  dis- 
covered it  to  be  beneficial,  that  the  wind  should  be  removed,  and  sucking 
that  finally,  though  not  in  the  first  instance,  up  the  spout  above  the  mill- 
case  into  a  receptacle  above, — it  was  necessary  I  should  say  that,   lest,  by 
not  saying  so,  there  should  be  any  doubt  entertained  that  I  humbly  con- 
cur in  the  judgment  of  the  Master  of  the  Bolls  upon  that  subject. 

"Now,  in  this  case,  as  I  have  said,  I  have  eliminated  for  the  present  the 
usefulness,  and  I  have  eliminated  the  bare  question  of  infringement,  and 
explained  why  it  was  you  were  allowed  to  look  at  Mr.  Goodier's  plan  of 
doing  what  has  been  decided  is  the  thing  which  Mr.  Bovill  has  done  by  his 
patent  of  1849.  The  reduction  of  some  idea  to  practice,  the  attainment  of 
some  useful  object,  the  pointing  out  of  something  previouly  ascertained, 
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svitliout  which  the  purpose  was  not  effectually  attained — these  are  all  forms 
of  language  which  might  be  referred  to — into  a  process  by  which  you  get 
at  once  at  the  most  desirable  result,  suggesting  an  idea  and  giving  the 
means  of  carrying  that  idea  into  effect,  I  believe  all  those  forms  might  be 
used.  I  do  not  differ  from  either  of  the  learned  counsel  in  the  view  which 
either  of  them  has  pointed  out,  that  if  something  remains  to  be  ascertained 
before  the  process  can  be  practically  applied  to  a  useful  purpose,  the  person 
who  discovers  that  something,  and  shows  how  to  do  it,  may  tike  out  a 
patent.  Now  I  have  completed  my  general  remarks,  I  omit  the  illustra- 
tion, because  I  think  I  ought  to  husband  time,  and  spire  your  strength 
at  this  period  of  the  day; — I  have  endeavoured  to  put  tint  clearly,  and  I 
leave  it. 

"Now,  then,  I  come  to  the  questions.  Mr.  Bovill's  patent  claim?,  as 
you  know,  three  thigs: — First  of  all,  putting  holes  in  the  stones  as 
described,  with  reference  to  plate  A,  which  you  have  had  so  long  before 
you.  Then  there  is  the  exhaust  process  used  with  the  blast ;  and  then 
there  is  the  shifting,  if  I  may  so  say, — the  chamber  of  '  porous  fabric,'  as 
perhaps  I  had  better  call  rt,  to  put  it  shortly.  You  are  asked  with  respect  to 
each  of  them  four  questions, — whether  it  was  new  at  the  time  of  the  p 
or  whether  it  had  been  anticipated  in  the  sense  which  I  have  endeavoured 
to  explain  ?  Then,  if  it  had  been  anticipated,  whether  there  had  been 
a  prior  use  in  the  sense  that  somebody  had  found  out  the  way  of  doing 
the  thing,  so  that  he  could  do  it  before  Mr,  Bovill  took  out  his  patent 
of  1849 ;  not  merely  whether  he  had  the  idea  in  his  head,  or  set  ah  rat 
experimenting  upon  it.  In  dealing  with  that  question,  I  must  remind 
you  that  the  first  relates  to  millstones  with  holes.  There  had  been  mill- 
stones with  boles  before  the  patent ;  but  it  relates  to  holes  being  used  in 
the  to]>  stone  when  it  is  fixed.  The  top  stone  had  been  fixed  before  ; 
holes  had  been  used  in  millstones  before ;  but  holes  bad  not  been  used  in  a 
top  stone  when  it  was  fixed  before.  The  evidence  with  regard  to  that 
part  of  the  case,  as  to  the  first  question,  turning  upon  that,  I  believe, — 
and  I  have  endeavoured  to  ascertain  it  from  reading  my  notes, — consists 
of  what  I  have  already  stated;  it  consists  of  the  direction  in  the  Scotch 
specification  of  1816,  and  of  Mr.  Bovill's  evidence  and  Mr  Nasmyth's 
evidence  for  Mr.  Bovill.  The  Scotch  patent  you  heard  read  by  both  the 
learned  counsel  ;  and  you  heard  it  observed  upon.  It  is  pointed  out  in 
general  terms  that  holes  had  been  beneficially  introduced  into  stones;  and 
the  plate  showing  a  stone  with  the  hat  round  the  eye  was  submitted  to 
you.  It  is  suggested  on  the  part  of  the  plaintiff,  that  anybody  would  at 
once  see  that  the  holes  must  come  from  the  centre  of  the  stone,  or  they 
must  come  from  somewhere  near  the  centre  of  the  stone.  Mr.  Nasmyth 
was  asked  about  it  in  the  cross-examination;  but  what  he  said  was,  that 
that  was  a  mere  general  direction  given  in  the  Scotch  patent  that  holes 
would  not  do  to  be  put  in  any  place,  but  that  the  holes  must  be  put  in  a 
prope  place,  and  with  proper  directions.  He  said  that  the  arrangement 
which  was  suggested  in  the  patent  of  181-9  was  a  convenient  arrangement. 
I  believe  Mr.  ISovill  stated  generally  that  to  his  knowledge  no  part  of  that 
patent  had  been  anticipated.  Mr.  Nasmyth  said  he  did  not  know  whether 
or  not  holes  had  been  used  in  the  top  stone  when  it  was  fixed  ;  and  no 
evidence  tint  I  can  recollect — I  shall  be  glad  to  be  reminded  of  it  if  there 
was  any — was  giren  on  the  pari  fondant.     It  is  urgued  that  opon 

that  evidence  you  ought  to  come  the  conclusion  that  it  was  old.  I  will 
only  remind  you  that  there  is  a  description  given  of  stones,  '  which  open 
into  the  furrows  on  tin;  face  of  the  stone  and  are  led  away  to  the  eye  or 
back  Of  the  Stone,    where    the    air   is   introduced.      '1  'h  I    prefer  to 

have  of  about  one  inch  in  diameter,  and  as  many  in  number  to  the  fun 
in  the  stone,  >>as  to  give  a  free  ventilation  in  addition  ipply  of 

air  down  the  master  lines   from  the  eye  of  the  stone.'     Then  he  oxc  i  6 

t  like  those  I  f  which,  I  think,  Olie  is  on  the  table  now.  He  acknow- 
ledges there  wen-  hole:,  in  the  running  si  me  :  he  sn_\  s  be  does  not  claim 
with  reaped  to  them.  I  do  not  propose  to  make  any  further  re-marks  up  jii 
this  part  of  the  case;  i1  n  ther  on  the  evidence,  such  as  it  is,  on 

the  p  plaintiff.      1  bate  not   beard  any   evidence — I  do  not  recol- 

lect a  — on  the  pari  of  the  defendant  as  to  that." — Mr.  Williams: 

N  >,  my  lord. 

"Mr.Josti   i  Will  argument  of  thi 

the  evidence,  such  as  it  is,  on  part  the  of  the  plaintiff,  and  it  i 
to  observe   that  this  was  tbe  part  of  the  case  up  in  which   at  01 
eared,  although  erroneously,  that  the  1.  ,  h  of  the  © 

I  bcli       |         -non  disposed  ol  ion  of  No.  I.   Of  course  a  patenf 

must  be  new  in  every  part  in  order  to  be  a  nt.     If  maybe,  as  has 

been  suggested,  tlni  m  of  the  process  onghf  to  have  been  in  :luded 

in  the  specification ;  and  of  conn  tme  nature 

it  may  DOl  be  ex  i'  tlj  the  same  thing,  it  is  not  new. 

•■  ( In  the  other  hand,  it  is  important  tint  patent*  cs  should  nof  pat  in  their 
specification!  things  which  are  not  new,  to  •  who  have 

to  do  with  the  sobjeef .  It  is  for  you  to  saj  what  your  opinion  is  upon  thai 
state  of  the  i  ■  to  No.  1. 

"  Now    I  C  mie  to  No.  '1.    No.  2  i     t'. 
—I  shall  not  read  it  over,  because  it  hash  .    r  so  many  times  that 


reading  it  again  would  not  produce  any  greater  impression  upon  your  mind, 
but  would  rather  tend  to  weaken  it — I  must  remind  you  that  No'  2  consists 
of  the  application  of  an  exhaust  to  the  millstone-case,  the  application  of  the 
exhaust  so  as  to  draw  away  the  stive  and  hot  air,  and  to  take  it  off  and  send  it 
on  :  what  is  done  with  it  afterwards  is  dealt  with  by  No.  3.  Now  1  must  at 
once  say,  that  if  the  description  of  No.  2  had  stopped  there,  I  should  have 
directed  in  point  of  law  a  verdict  for  the  defendant,  because  every  part  of 
the  description  in  No.  2 — the  elements  of  every  part  of  it — was  in  existence 
as  part  of  knowledge  before  the  patent  was  taken  out.  There  was  drawing 
of  air  through  the  eye,  and  passing  air  through  the  stone,  and  there  was 
the  application  of  that  exhaust  to  the  millstone-case.  Having  made  that 
remark,  I  apply  to  a  vast  mass  of  evidence  that  was  necessarily  given 
on  the  part  of  the  defendant.  Of  course  the  defendant's  counsel  could  not 
introduce  his  case  of  infringement  to  yon  without  showing  the  arrange- 
ment to  which  resort  had  been  made,  and  therefore  over  and  over  again 
the  evidence  naturally  refers  to  tbe  application  of  the  exhaust.  The  entrance 
of  the  stream  of  air  sometimes  between  the  stones,  as  in  the  case  of  Mr. 
Potto  Brown's  application  of  the  exhaust,  and  in  some  cases  the  application 
of  a  blast  of  air  whether  through  the  stone  or  outside  the  stone,  occurred 
over  and  over  and  again.  And  with  respect  to  all  that  evidence,  it  follows 
that  the  question  is  not  whether  the  exhaust  was  used  ;  the  question  is, 
whether  the  exhaust  was  so  used  as  to  constitute,  taking  it  in  tbe  way  put 
by  the  counsel  for  the  defendant,  an  anticipation,  or,  as  be  says,  supposing 
it  to  be  done  now  in  the  same  way,  an  infringement  of  Mr.  Bovill's  patent. 
Having  excluded  that  from  the  invention — the  inventive  part  of  No.  2,  and 
also  having  removed,  as  much  as  possible,  any  confusion  that  might  be  in- 
troduced, and  speaking  only  of  whether  the  mechanical  elements  of  Mr. 
Bovill's  patent  had  been  used  before,  let  us  see  what  Mr.  Bovill's  patent 
is. 

"  Mr.  Bovill's  patent  has  been  commented  upon  by  various  learned  persons. 
I  prefer  reading  to  you  shortly  from  the  judgment  of  the  Master  of  the  Bolls, 
actually  what  he  says  as  to  the  invention  of  Mr.  Bovill,  and  you  have  had 
read  other  parts  which  I  shall  not  repeat.  That  strikes  me  as  being  the 
shortest  and  clearest  way  of  showing  you  what  Mr.  Bovill  alleges  to  be, 
and  what  it  has  been  decided  that — and  it  must  be  at  present  taken — his 
patent  is : — '  The  invention  consists  in  producing  a  blast  of  sufficient  power 
and  exactly  so  regulated  as  to  exhaust  the  hot-dusty  air  from  the  mill- 
stone-case, and  drive  it  with  a  stive  only  into  a  shaft,  where  it  may  be 
utilised  and  prevented  from  injuriously  affecting  the  air  in  the  body  of  the 
mill.'  There  are  some  other  consequences  which  I  need  not  refer  parti- 
cularly to.  Therefore,  the  patent  which  we  are  to  consider  is  a  patent,  the 
invention  and  the  merit  of  which  consists  in  suggesting  that  the  exhaust 
ought  to  be  so  regulated  as  to  take  away  what  the  blast  introduces.  Now, 
I  have  only  one  word  to  say  upon  the  description  of  the  patent.  I  have 
carefully  read  this  specification  for  myself ;  and,  again  speaking  with  the 
deference  which  is  due  after  so  much  greater  an  authority  has  cxpressod 
his  opinion  upon  tho  matter,  I  take  upon  myself  to  say,  that  1  humbly 
concur  in  the  judgment  of  the  Master  of  the  Rolls  in  saying  that  this  >econd 
pait  of  the  patent  does  apply  to  an  exhaust —  applied  not  only  in  conjunc- 
tion with  a  superadded  blast,  but  in  conjunction  with  any  blast  at  all, 
whether  superadded  or  not,  whether  it  is  a  blast  Caused  by  the  action  of 
the  stones  upon  the  air,  setting  it  whirling,  subjecting  it  lo  tbe  centri- 
fugal force,  the  air  entering  through  the  eye  of  the  stone,  the  exhaust 
drawing  off  the  air  which  is  introduced  by  such  a  blast  as  that, — I  see  no 
na-.nn  tor  confining  the  word  '  blast,'  in  the  specification,  to  a  superadded 
bl  isf  and  find  nothing  in  the  specification  to  authorise  me  to  express  any 
doubt  as  to  the  propriety  of~that  decision.  Now,  therefore,  tie.- patent  is 
for  the  application  of  an  exhaust,  regulated  in  such  a  manner  as  to  oarrj 
off — call  itthe  plenum — I  should  call  it  the  'wind'  produced  by  the  blav 
iginj  that  is,  an  exhaust  regulated  according  to  the  force  of  the 
used  to  go  through  the  stones.    Then  anybody  hearing  that,  would 

i\  that  that  was  in  contradiction  to  what  1  .-aid   before,    1"  0  tUBS  that  is  a 

mere  idea,  mid  therefore  there  can  bo  no  patent  for  it.     But  I  must  tell 

you  that  thai  question  also  has  Undergone  discussion,  and  it  has  been  con- 
sidered, after  that  subject  underwent  investigation,  that  this  patenf  is 
a  valid  patent iu  that  respect,  for  reasons  which  it  is  not  necessary  to 
.  because  it  is  not  the  question  before  us.  Butitisproper 
the     i  11  you  that  it  has  been  held  that  the  patent  not  only  claims 

bhi  i  lea,  and  that  tbe  idea  i   an  efulone,  but  that  the  paten 

OUl   tl      means  by  which  il  can  be  attained.    New  thi-  p 

bas  bet  n  applied,  a   we  have  heard,  in  a  ureal  many  places.  As  we  ' 

d  iii  the  earlier  patents,  ami  if  the  evidence  for  the 
defendant  were  out  of  the  case,  and  that  of  the  plaintiff  stood  alone,  it 
would  seem  that  until  the  year  1849  means  were  uol  suggested  by  which 
the  idea  c mid  he  brought   i  i   perfection.     That  idea  was  brought  ■ 
proctii  benefit  in  a  mill  in  1845;  the  Bnper-added  blast  and  ex- 

ivere  uscil  in  Mr.  Bovill's  patent,  you  see.  bni  afterwards  thecxi.i 

was  used  alone.    Now  I  will  leave  that,  with  the  exception  of  one  remark. 

was  contended  on  tbe  part   of  the   defendant,   : 
Mr.  Bovill  had  no  right  to  take   out   a    patent  for  this,  OS  if  it  were  a   I 
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idea.  A  man  who  puts  together  old  elements  in  a  way  to  produce  some 
new  result,  or  even  an  old  result,  provided  it  is  accompanied  by  conditions 
more  favourable  than  were  attained  by  the  old  method,  it  would  be  equally 
the  subject  of  a  patent.  A  man  who  takes  out  a  patent  in  such  a  case 
ought  to  state  that  his  patent  is  not  for  a  new  process,  but  for  improve- 
ments: that  is  what  he  is  bound  to  do.  I  quite  agree  with  what  was 
stated  ;  but  then  when  one  turns  to  the  specification,  as  I  read  it,  it  is  an 
invention  "  for  improvements  in  manufacturing  wheat  and  other  grain  and 
meal  into  flour."  Therefore,  though  I  tried  to  understand  it  at  the  time, 
I  do  not  quite  see  the  force  of  the  remark  about  the  patent  not  being  for 
improvements.  The  result  is,  to  remove  any  erroneous  impression  that 
might  remain  :  that  anybody  who,  alter  that  patent,  worked  by  the  aid 
of  Mr.  Bovill's  suggestions  in  the  specification,  and  in  his  manner  regu- 
lated the  exhaust  so  as  to  hit  (he  bull's  eye  at  once,  and  produce  the  bene- 
ficial result  without  fumbling  or  wandering,  or  being  obliged  to  make 
experiments  to  get  at  it  himself,  would  infringe  the  patent,  and  nobody  else 
would.  The  infringement,  in  that  sense  of  the  question,  is  not  a  very 
serious  one;  however,  it  is  one  of  very  great  importance  no  doubt  as 
affecting  the  alleged  inventor  upon  the  one  hand,  and  a  large  and  respect- 
able body  of  men  on  the  other,  who  would  be  affected  by  it,  and  from  whom 
he  would  be  enabled  to  demand  a  royalty  if  they  wished  the  advantage  of 
using  the  process  in  that  way.  [  am  sorry  to  have  been  obliged  to  go  into 
that  explanation  but  from  one  or  two  expressions  which  grated  upon  one's 
ears,  I  was  desirous  to  lay  the  matter  before  you  exactly,  even  with  the 
detail  which  might  not  have  been  necessary  but  for  those  expressions, 
which  I  dare  say  were  uttered  in  the  anxiety  of  counsel  to  do  their  duty 
to  their  clients. 

"Now  I  come  on  to  the  third;  and  with  respect  to  the  third  question,  I 
am  not  assisted  by  what  has  been  done  in  any  other  court  that  1  know  of. 
I  am  not  at  all  assisted  with  reference  to  whether  this  third  part  of  the  in- 
vention has  been  construed  as  being  to  be  taken  with  the  second  part  of 
the  invention  or  not;  that  is  to  say,  whether  the  third  claim  is  a  claim  of 
straining  the  stive  or  air  charged  with  flour,  through  suitable  porous 
fabrics  or  not.  I  do  not  wish  to  go  through  a  legal  judgment  as  to  my 
reasons  for  thinking  so;  but  my  impression  at  present  is — and  Mr. 
Williams  Was  quite  right  ir>  thinking  it  was — that  the  first  part  of  the 
patent,  which  is  mentioned  before  the  second,  and  has  no  reference  to  it 
that  I  can  satisfactorily  make  out,  is  a  separate  arid  distinct  claim.  My 
present  impression  is,  that  the  third  part  of  the  invention  is  a  claim  to  use 
a  chamber  in  connection  with  the  exhaust.  The  terms  irr  which  the 
exhaust  is  mentioned  in  the  third  claim  are  so  nearly  identical  with  the 
terms  in  which  the  exhaust  is  described  in  the  second,  that  if  I  were  to 
pronounce  a  judgment  upon  the  matter  now,  I  should  say  my  inclination 
is,  that  it  was  intended  to  use  the  third  in  conjunction  with  the  second. 
But  as  the  defendant's  counsel  take  another  view  of  the  matter,  and  as  the 
form  of  the  questions  sent  by  the  Master  of  the  Rolls  will  enable  you  to 
return  a  verdict  separately,  if  you  think  it  right,  as  to  each  head,  and  also 
generally  as  to  the  whole,  you  will  be  at  liberty-wf  you  think  that,  either 
as  to  the  first  or  third  head,  it  ought  to  be  rejected  for  want  of  novelty — 
to  say  nevertheless,  if  you  think  so,  that  the  invention  as  to  the  fourth 
question,  or  as  to  the  second,  was  new.  The  third  I  need  not  read  to  you 
again ;  you  have  it  before  you ;  it  has  been  read  over  twice  to-day,  and  it 
was  also  read  in  other  parts  of  the  case.  With  respect  to  the  third  ques- 
tion, you  have  the  evidence  of  various  witnesses,  and  you  have  also  the 
reference  made  to  the  patent.  With  respect  to  the  third,  as  with  respect 
to  the  others,  I  shall  ask  you  what  you  say  to  it  separately,  and  also  what 
you  say  to  it  in  combination. 

(To  he  continued). 


ME.   HOWARD,    M.P.,    ON    PATENT   LAWS. 

This  difficult  subject  has  lately  attracted  the  attention  of  the  House  of 
Commons,  and,- in  an  interesting  debate  on  the  28th  May,  Mr.  J.  Howard, 
M.P.,  so  well  known  as  a  successful  inventor,  gave  his  views  upon  the 
question.  These  views  appear  so  well  worthy  of  attention,  that  we  give  a 
corrected  report  of  his  speech  below  : — 

Mr.  J.  Howard  said  he  thought  the  hon.  member  who  had  introduced 
the  subject  had  been  singularly  fortunate  in  finding  so  able  a  seconder  as 
the  right  hon.  and  learned  member  for  Richmond.  He  had  listened  with 
much  attention,  and  no  little  interest  to  the  objections  and  views,  not  only 
of  the  hon.  member  who  had  brought  forward  the  motion  (Mr.  Macfie), 
but  also  of  the  noble  lord  opposite  (Lord  Stanley),  and  of  the  hon.  and 
learned  gentleman  who  seconded  it  (Sir  R.  Palmer).  It  appeared  to  him 
that  most  of  the  arguments  that  had  beeij  urged  did  not  touch  the 
principle  of  a  patent  law,  but  went  rather  to  the  defects  of  the  existing 
law  and  its  administration.  In  dealing  with  the  objections  raised  by  the 
hon.  and  learned  member  to  the  principle  of  a  patent  law,  he  felt  at  how 
great  a  disadvantage  he  stood  in  having  to  combat  the  views  of  so  able 
and  distinguished  a  man  ;-  but  it  appeared  to  him  as  a  plain  practical  man 


that  the  arguments  used  were  more  subtle  and  theoretical  than  sound.     He 
maintained  that  the  greater  portion   of  the  arguments  of  the  right  hon. 
and  learned  member  did  not   apply  to  the  principle  of  a  patent  law  which 
he  had  assailed,  but  to  the  defects  of  our  present  system.      If  we  would 
condescend  to  borrow  some  ideas  from  America,  many  of  the  objections 
which  have  been  urged  to-night  would  fall  to  the  ground.     A  greater  part 
of  the  evil  complained  of  resulted  from  the  sham  examinations  which  now 
took  place  on  the  application  for  patents.     The  hon.  and  learned  gentle- 
man said  it  was  impossible  for  the  law  officers  of  the  Crown  to  institute  a 
proper  inquiry ;  but  seeing  that  they  received  about  £16,000  a-year  for  that 
duty,  it  was  desirable  to  know  why  it  could  not  be  performed.     Again  the 
Act  of  1852  made  provision  for  the  appointment  of  additional  commissioners, 
but  this  had  not  been  carried  into  effect,  consequently  patentees  hid  great 
cause  to  complain   of  the  administration    of  the  law.      The  difficulty  in 
trying  patent  cases  mainly  arose  from  the  loose  and  imperfect  way  in  which 
the  specifications  had  been  permitted  to  be  drawn  up,  so  that  it  was  impos- 
sible to  say  what  was  new  and  what  was  old  in  them.      He  was  prepared 
to  show  the  House  how  these  evils  might  be  remedied,  and  these  difficulties 
overcome,  but  this  was  neither  the  time  nor  the  occasion    to  do  so.     The 
honourable  and  learned  gentleman  had  alluded  to  the  three  great  inventions 
of  the  age —  the  steam  engine,  the  electric  telegraph,  and  the  screw  pro- 
peller— but  was  he  prepared  to  maintain  that  these  inventions  would  have 
reached  their  present    state  of    perfection    without   the  stimulus    of   the 
patent  law.     One  objection  urged  against  the  patent  laws  was,  that  patents 
gave  a  monopoly,  and  acted  as  a  restraint  upon  trade.     He  admitted  that 
as  at  present  administered,   they  did  so;  but   if  the   State  in  granting  a 
patent  gave  no  exclusive  right,  and  patentees  were  obliged  to  grant  licenses  on 
reasonable  terms,  to  be  settled  by  an  independent  body,  this  objection  would 
be  removed.     There  existed  under  the  present  system  what  is  termed  "dog 
in  the  manger"  patents,   which  are  an  unmitigated  evil,  and  should  be 
swept  away.      The    hon.  and    learned  member   had   also    alluded  to  an 
important  and  well-known  invention  in  the  grinding  of  corn,   and  had,  he 
would  say,  jumped  to  the  conclusion  that  it  could  not  long  have  remained 
undiscovered,  but  he   would  ask  what  grounds   had  he  for  this  assertion  ? 
The  fact  was  that  the  world  had  gone  on  for  3,000  years  grinding  corn 
without  any  material  improvement   in  the  method  until   a  man  of  genius 
like  Bovill  arose  to  make  the  discovery,  but  who,  owing  to  the  disgraceful 
state  of  our  laws,  was  afterwards  worried  to  death  by  litigation.     Although 
he  did  not  agree  with  the  conclusions  arrived  at  by  the  hon.  member  for 
Leith,  he  felt  indebted  to  him  for  having  brought  the  subject  before  the 
House.     Much  misapprehension  undoubtedly  existed  in  the  public  mind  on 
the  question  of  the  patent  laws  and  their  administration.     This  discussion 
would  enable  hon.  members  to  clear  away  some  of  the  mist  and  doubt  that 
prevailed.      It  appeared  to  him  that  the  main  arguments  bad  tended  to 
show  the  necessity  for  an    amendment  rather  than  an   abolition  of  the 
existing  laws.     That  the  patent  laws  as  they  now  exist,  and  as  they  are  at 
present  administered,  are  open  to  grave  and  serious  objections,  he  readily 
granted ;  but  that  their  abolition  would  result  in  advantage  to  the  country, 
or  to  the  welfare  and  interest  of  any  particular  portion  of  the  community, 
he  altogether  disbelieved.      It  must  be  remembered  that  England  has  at 
the  present  day  most  formidable  rivals  in  Prance,   Germany,  America,  and 
Belgium,  and  that  her  manufacturers  and  workmen  have  to  compete  with 
the  manufacturers  and  workmen  of  these  countries  who  have  availed  them- 
selves, not  only  of  the  best  English  models,  but  have  adopted  those  facilities 
for  rapid  production  originated  in  our  English  workshops,    and  hitherto 
peculiar  to  them.     The  only  chance  the  English  manufacturer  has  of  main- 
taining his  place  in  the  race,  is  by  adopting  improved  designs — finding  out 
means  to  reduce  the  cost  of  his  productions,  and  introducing  improved 
plans  for  securing  perfect  workmanship.     These  objects  can  only  be  attained 
by  much  thought  and  great  effort  of  the  brain ;  and,  as  the  race  is  a  close 
one,  and  every  year  is  becoming  closer,  it  appeared  to  him  that  instead  of 
the  State  taking  away  a  stimulus  to  invention,  the  nation  is  deeply  inter- 
ested in  finding  out  in  what  way  inventions  and  discoveries  can  be  further 
stimulated,  how  research  and  means  of  improvement  can  be  extended  not 
only  to  the  higher  class  of  inventors,  but  to  our  working  population,  among 
whom  thousands  are  to  be  found  of  a  mechanical  or  scientific  turn.     This 
was  abundantly  evident  to  all  who  had  visited  the   industrial  exhibitions  of 
working  men's  productions  in  London  and  elsewhere.     When  in  Washing- 
ton some  two  years  ago,  no  building  he  had  seen  in  the  States  made  such 
an  impression  on  his  mind  as  the  Patent  Museum  in  that  city.      It  was  so 
superior  to  anything  of  the  kind  in  England  that  he  felt   almost  ashamed 
that  our  old  country  was  so  much  behind  the  new.      This  museum  was  in 
fact  a  great  educational   establishment,  to  which  not  only  the   inventors, 
but  the  public  resorted  for  information.       Every  patent  for  which   the 
United  States  had  granted  letters  was  not  only  classified  there,  but  models 
of  the  inventions  were  arranged  chronologically;  while  in  another  spacious 
and  beautiful  apartment   were  models  of  all  the  rejected  patents,  so  that 
any  one  could  go  into  that  museum   and  trace  the  progress  of  the  various 
inventions  step    by    step.      He  could   not  help  thinking    that  a  similar 
establishment  in  England  could  not  but  have  considerable  effect  on  the 
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national  weal.  The  noble  lord  opposite,  and  the  hon.  and  learned  member 
for  Richmond  had  drawn  a  somewhat  subtle  distinction  between  the  pro- 
duction of  a  book  and  a  machine,  or  other  invention  j  it  appeared  to  him 
that  a  hook,  a  piece  of  music,  a  painting,  and  an  invention,  are  all  alike 
products  of  the  brain;  and  the  natural  light  of  the  author  of  a  mechanical 
invention  should  be  recognised  by  the  State  as  fully  as  that  of  the  author 
of  a  book.  The  noble  lord  had  said  no  two  men  ever  wrote  the  same  book 
at  the  same  time,  which  is  undoubtedly  true,  but  he  had  frequently  found 
that  two  authors  writing  almost  simultaneously  conveyed  precisely  the 
same  ideas,  though  not  in  the  same  language.  Exactly  so,  if  two  men 
invented  similar  machines  simultaneously  it  was  never  found  they  carried 
out  their  ideas  precisely  in  the  same  mechanical  way.  With  respect  to  the 
statement  of  the  hon.  and  learned  member  for  Richmond,  that  the  laws 
of  nature  were  the  common  right  of  mankind,  which  must  be  freely  admitted 
he  held  t hat  the  argument  based  upon  it  was  untenable.  The  inventor 
made  use  of  the  laws  of  nature  just  as  the  author  of  a  book  used  the 
common   lnnguaj  kind.      Ho  might  he  obtuse,  but  for  the   life  of 

him  he  could  not  see  that  the  ca-cs  were  not  strictly  analagous.  He  would 
a<k  hon.  members  who  were  unacquainted  with  mechanical  subjects  what 
would  be  the  effect  of  abolishing  the  law  of  copyright.  Would  the 
literature  of  the  people  be  thereby  enriched — would  the  taste  of  the 
country  be  improved  ?  He  believed  the  abolition  of  the  patent  laws  would 
have  in  mechanical,  chemical,  and  other  industrial  pursuits,  precisely  the 
same  effect  as  the  abolition  of  the  law  of  copyright  upon  literature  and  the 
tine  arts.  The  hon.  member  who  introduced  this  subject  said  he  would 
not  withhold  compensation  from  a  meritorious  inventor,  but  he  would  ask 
who  was  to  decide  the  knotty  point  of  merit,  and  its  money  value?  At 
present  the  State  very  wisely  left  this  to  be  decided  by  a  discerning  and 
purchasing  public,  and  he  believed  it  would  continue  to  do  so.  To  his 
mind  it  would  altogether  be  infra  dig.  to  him,  personally  it  would  be 
revolting  to  have  to  go,  cap  in  hand,  to  the  Chancellor  of  the  Exchequer, 
or  some  other  state  official,  to  pits?  his  claim  for  compensation,  or  get 
some  powerful  political  friend  to  do  so  for  him.  No — from  past  experience 
of  Government  treatment,  inventors  would  never  consent  to  be  left  to  the 
tender  mercies  of  a  State  department,  but  will  prefer  to  confide  their 
claims  for  reward  to  a  discriminating  public.  That  the  patent  laws  and 
their  administration  should  have  been  lelt  so  long  unreformed  is  a  scandal 
to  former  Parliament-.  The  machinery  is  costly,  cumbrous,  and  withal 
uncertain  and  inefficient.  Inquiries  have  been  made,  and  a  Royal  Com- 
mission years  ago  ]  a>sed condemnation,  and  suggested  reform  ;  but  nothing, 
or  next  to  nothing,  has  been  done.  We  have  the  finest  library  of  patented 
inventions  in  the  world,  yet  the  hulk  of  it  was  stowed  away  in  a 
passage  sis  feet  wide.  He  knew  it  well,  having  often  been  there.  It  was 
really  a  passage  just  Oft.  Sin.  wide— and  formerly  led  to  the  offices  of  the 
Master  in  Chancery.  Could  it  be  believed  that  such  a  state  of  things  had 
allowed  to  exist  when,  since  the  passing  of  the  Patent  Law  Act  of 
1852,  the  -mplus  revenues  of  the  office  has  been  over  £050,000,  but  a 
fraction  of  which  had  been  expended  for1  the  benefit  of  inventors  who  had 
contributed  the  money  ?  He  held  that  the  surplus  should  be  devoted  not 
to  increasing  the  general  revenue  but  to  promoting  patent  objects  and  the 
general  advancement  of  science.  He  thought,  as  he  had  previously  stated, 
this  was  scarcely  the  occasion  for  entering  into  detail  concerning  the 
improvement  •  neei  ssary  in  our  patent  laws,  hut  expressed  a  hope  that  when 
the  (abject  was  taken  in  hand  by  the  law  officers  of  the  Crown,  and  he  had 
reason  to  believe  they  would  take  it  in  hand  next  session,  they  would 
provide  the  means  for  a  bond  fide  examination  of  all  inventions  before 
patents  were  granted,  and  also  provide  that  the  specification  should  be  so 
i  lear  thai  the  public  may  know  what  really  the  patent  was  granted  for, 
and  thus  save  the  ruinous  cost  of  legal  proceedings.  He  would  conclude 
by  declaring  bis  deliberate  conviction  that  if  they  wished  to  undermine 
the  manufacturing  and  commercial  greatness  of  England,  they  could  no*, 
take  any  more  effectual  mode  of  doing  so  than  by   abolishing  the   patenl 
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THE  ATLANTIC  AND  PACIFIC  RAILROAD. 

iilemau  who  has latel;.  travelled  from  New  York  to  San  Francisco 
without  stopping,  or,  rather,  without  breaking  his  journey,  gives  the  fol- 
lowing rather  highly  coloured,  but  interesting  account  of  bis  journey.  It 
will  be  seen  that,  BO  far  from  finding  the  journey  irk-  imp,  he  i  ol  opinion 
that  ladies,  and  even  invalids,  could  perform  it  with  ease.  II"-.  far  this 
ion  is  due  to  robustness  of  health  possessed  by  the  writer  we  will  not 
attempt  to  estimate,  although  it  is  evident  he  is  by  no  means  delicate:— 

'Having  made  the  journey  across  the  continent  from  New  \.  rk  to  this 

city,  I  can  BSSUrS  those  who  puipo-e  making  it  that  the]  rain  at  all 

in  it.     The  journey  is  a  delightful  one,  even  for  ladies,  and  the  wet 
invalid  would  be  strengthened  by  it,     There  uta  constanl  succession  of 
ties.    Starting  from  New  Jfork  bj  the  route  I  travelled  (the  Pennsyl- 
vania Central),  the  traveller  is  taken  through  Trenton  and  it*  vicinity,  in 


New  Jersey,  through  Philadelphia,  and  Hanisburg,  over  the  beautiful 
Alleghany  Mountains,  and  through  the  busy  iron  and  coal  regions  of 
Pennsylvania.  A  glimpse  is  given  of  Pittsburg,  the  Manchester  of  America, 
in  soot,  smoke,  dirt,  and  immense  shops  sacred  to  Vulcan.  The  Railroad, 
now  changed  to  the  Pittsburg,  Fort  Wayne  and  Chicago  line,  takes  the 
stranger  through  one  of  the  most  delightful  and  beautiful  countries,  in  the 
State  of  Ohio.  Chicago,  910  miles  lrom  New  York,  is  reached  after  43 
hours'  travel.  Chicago  is  the  representative  inland  city  of  America  in  the 
marvellous  lapidity  of  its  growth,  in  its  daring  enterprise,  in  its  varied 
railroad  connexions,  andiu  all  that  goes  to  makeup  a  live  Yankee  go-ahead 
city.  The  distance  from  Chicago  to  the  Missouri  river  and  Omaha,  the 
initial  point  of  the  Pacific  Railroad,  is  490  miles,  and  the  cars  of  the 
Chicago  aid  North- Western  Railroad  make  the  trip  in  22  hours,  conveying 
passengers  through  the  great  rich  and  deep  pastures  of  Illinois  and  Iowa 
These  lands,  when  first  their  viigin  freshness  was  broken  by  the  plough, 
yielded  50  to  60  bushels  of  wheat  to  the  acre. 

''The  Omaha  and  the  Union  Pacific  Railroad  are  reached  after p,  passage 
across  the  muddy  and  tortuous  Missouri  river,  and  now  the  great  plains  are 
reached,  called  the  great  American  Desert.  There  is  a  great  sameness 
about  the  journey  now,  but  the  dryness  and  exhilarating  qualities  of  the 
air,  the  beauty  and  variety  of  the  cloud  effects,  compensate  the  traveller  for 
this  sameness. 

"At  Laramie,  562  miles  from  Omaha,  the  Rocky  Mountains  proper  are 
reached.  The  railroad  company  selected  a  line  through  that  route  which 
offered  easy  grades,  and  the  tourist  will  be  rather  disappointed  at  not  seeing 
such  mountains  as  the  Alps  in  Colorado.  Such  mountains  he  can  behold, 
however,  further  south,  but  not  near  the  railroad  line ;  and  yet  the  scene 
Iroin  Sherman,  the  point  of  greatest  altitude  on  the  entire  road — 8,212ft. 
above  the  level  of  the  sea — is  one  which  can  never  be  forgotten  :  distance 
seems  to  be  annihilated  by  the  transparency  and  purity  of  the  air ;  the 
entire  chain  of  mountains,  with  their  every  ravine  and  projection,  are  cut 
so  clearly  and  distinctly  that  objects  which  are  20  miles  distant  seem  to  be 
but  five  or  six.  Then  there  are  great  expanses  of  valleys  stretching  away 
between  the  main  ranges,  giving  the  idea  of  boundless  distance  and  of  a 
boundless  land.  The  "  watershed"  of  the  continent,  at  Bridge's  Pass,  is 
reached  in  two  days  aud  a  half  from  Omaha,  and  now  all  water  runs 
Pacificwards.  The  journey  through  Weber  and  Echo  Canons  is  one  of  tbe 
most  weird  and  frightful  possible.  The  line  winds  along  the  side  of  deep 
chasms,  over  roaring  torrents,  under  overhanging  mountains,  round  tower- 
ing cliffs,  past  wonders  of  nature  in  her  wildest  moods,  with  beauties  of 
mountain  scenery  unsurpassed  probably  anywhere.  Then  comes  the  great 
valley  of  Utah,  with  its  wonders  of  Mormon  tillage  and  irrigation.  The 
Great  Salt  Lake  shines  like  a  huge  mirror  in  a  setting  of  lofty  mountains. 
At  Promontory  Mountain  we  reach  the  junction  of  the  two  Hues  which 
constitute  the  through  Pacific  Railroad  from  Omaha  to  San  Francisco. 
The  cars  of  the  Central  Pacific  road  are  now  taken:  this  company  controls 
the.  Western  or  Pacific,  and  by  far  the  most  valuable,  half  of  the  trans- 
continental line.  And  now,  through  Utah  and  Nevada,  we  have  alternate 
stretches  of  circular  plains  and  mountains  of  rounded  forms ;  we  pass  the 
river  Humboldt,  known  as  the  river  of  d»ath  to  early  immigrants  to 
California;  and,  filially,  the  Sierra  Nevada  Mountains  are  reached.  They 
are  truly  grand  and  precipitous.  Magnificent  crests,  eternal  snow,  beautiful 
lakes,  silvery  waterfalls — all,  in  fact,  mountains  can  exhibit  that  is  lofty, 
beautiful,  and  imposing.  Now,  when  the  trip  is  drawing  to  a  close,  its 
greatest  beauties,  aud  by  far  its  greatest  difficulties,  are  seen  on  the  road. 
The  summit  ol  the  Sierra  is  crossed  at  an  altitude  of  7,012ft.,  and  this 
altitude  is  attained  in  a  distance  of  112  miles  locomotive  climbing ;  and  the 
highest  engineering  science  was,  therefore,  necessary  at  this  place.  The 
journey  to  the  ocean  is  now  rapidly  downward — so  rapid,  indeed,  where 
there  iE  a  detcent  of  116ft.  to  the  mile,  that  steam  is  altogether  shutofi 

and  the  breaks  partially  applied.      In  t)  j  days  from  New  York  the  traveller 
westward   is  landed   at   S.ui  Francisco;    and  in  a  short   time,   when   cl< 
Connexions  and  some  improvements  are   made,  the   journey  of  3,181  miles 
may  be  made  in  less  than  six  days. 

"The  sleeping  car  nrraiig  incuts  are  now  in  perfect  order.  Everythini 
connected  with  the  beds  is  of  the  most  luxurious   nature.       In  addition    to 

the  sleeping  cars,  eating  hotel  can  are  now   provided,     A  description  of 

one  of  these  cars  appeared  in  the  Evening  Jiullctin  a  few  days  ago,  as 
follows :  — 

"The  car  is  about  60ft.  long  by  loft.  wide,  supported  on  eight-wheeled 

truck  ,  giving  16  wheelc  to  each  ear.   This  arrangement  and  an  elaborate 

combination  of    teel   springs  L'ive  such  steadiness  that  no  serious  jolting 

unsettles  a  dish,    The  oaterior  of  the  car  attracts  attention  chiefly  by  ii- 

irance  of  solidity.    Constructed  of  the  best   material  .  at  a  cost  oj 

K.n-,  ai el  braceaand  secured  in  everj  concert  kble  manner, 

o.s  almost     absolutely  free   from    the  casualties  of  an  ordinary    riding 

ear  lo  the  only  case  where  a  Pullman  car  has  been  known  to  have  the 
track   in  company  with  its  train,  it  rolled  down  a    10-feol    embankment, 

ber  injury  than  the  bl  I  "'I  a  B  w 

hc»  and  bruises.     No  passenger  sitting  in  it 
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than  a  bruise*.  As  the  car  did  not  break,  and  was  neither  twisted  nor 
strained  out  of  line,  it  was  ready  for  immediate  service  when  restored  to 
its  place  on  the  rails.  The  uses  of  the  dining  car  are  indicated  by  its 
exterior  decorations,  in  carvings  and  paintings,  representing  fruit,  fish,  game, 
and  other  edibles.  The  interior  is  elegantly  finished  in  black  walnut, 
mounted  with  silver  wherever  metal  is  essential.  Seats  for  dining  48 
persons  at  once  are  arranged  at  12  separate  tables,  on  each  of  which  is 
abundant  space  for  the  service  of  four  persons.  These  tables  are  portable, 
and  may  be  removed  and  stowed  away  out  of  sight  at  a  moment's  notice. 
At  either  ends  of  the  car  are  water  tanks,  closets  for  wine,  canned  fruits 
or  condiments,  ice-boxes  for  cooling  wine,  and  the  usual  toilet  arrange- 
ments so  that  the  traveller  may  remove  the  dust  from  hands  or  face  before 
sitting  down  to  his  meal.  Midway  between  the  two  ends  of  the  car,  and 
occupying  its  entire  width,  with  the  exception  of  a  narrow  passage,  is 
located  a  compact  kitchen,  especially  designed  for  the  Pullman  car,  and 
fitted  up  with  every  possible  contrivance  and  facility  for  preparing  food 
quickly  and  well.  Its  success  was  amply  demonstrated,  in  its  trip  across  the 
continent,  for  nothing  could  be  better  than  the  meals  placed  before  the 
party  three  times  daily.  Immediately  beneath  the  kitchen  floor,  and  com- 
municating by  trap  doors,  are  dust-proof  ice  boxes  and  provision  cellars. 
Here  are  packed  the  fresh  meats,  the  butter,  eggs,  and  other  edibles  requir- 
ing cool  quarters  for  preservation.  Spacious  water  tanks  are  connected 
with  the  kitchen  by  a  force-pump  ;  and  the  cook  and  his  assistant  have  every- 
thing at  hand,  almost  without  turning  round.  Entering  the  car  to  dine, 
you  take  your  seat.  At  your  side  you  find  a  bell.  One  stroke  upon  it,  and 
a  waiter,  neatly  clad  in  white  jacket  bearing  the  monogram  of  the  Pullman 
Company,  appears  and  presents  you  a  bill  of  fare.  Your  order  is  filled, 
and  your  savoury  steak  of  beef  or  antelope,  your  mountain  trout  or  boiled 
chicken,  are  placed  before  you  smoking  hot.  "Wine,  tea,  coffee,  or  fresh 
milk  are  also  at  command ;  and  for  sauce,  what  can  be  more  appetising 
than  the  air  of  the  Rocky  Mountains  and  the  elevated  interior  plains  of  the 
American  continent,  except,  possibly,  the  reflection  that  you  may  enjoy 
your  meal  in  elegant  leisure  while  the  train  bears  you  swiftly  for- 
ward towards  your  journey's  end?  A  traveller  may  obtain  a  'good 
square  meal'  of  plain  food  for  the  dollar  or  a  dollar  and  a  quarter  which 
is  charged  at  the  station  restaurants,  while  those  who  desire  only  a 
ight  lunch  can  command  it  at  trifling  cost." 


KING'S  LYNN  DOCK. 

This  dock,  which  has  been  in  the  course  of  construction  by  the  King's 
Lynn  Dock  Company  since  March,  1868,  was  opened  on  the  7th  ult.  by  their 
Royal  Highnesses  the  Prince  and  Princess  of  Wales.  The  scheme  had  long 
been  under  consideration,  but  it  was  not  until  June,  1865,  that  a  company 
was  incorpated  for  carrying  it  out,  the  capital  authorised  being  £88,000,  to 
be  raised,  £66,000  by  stock  or  shares,  and  £22,000  by  debentures.  Pos- 
session of  the  ground  was  obtained  in  October,  1867,  and  Mr.  Lawrence, 
the  contractor  engaged,  proceeded  to  carry  out  the  comprehensive  plans 
which  had  been  prepared  by  Mr.  Bunlees,  C.E.  The  stream  known  as 
Fisher's  Fleet  had  to  be  diverted  as  a  preliminary  measure,  and  in  March, 
1868,  the  foundation  stone  of  the  outer  sea  wall  was  laid  by  Mrs.  Jarvis, 
wife  of  Mr.  L.  W.  Jarvis,  the  chairman  of  the  company.  By  the  close  of 
last  August  the  coffer  dam  across  the  entrance  was  completed,  and  in 
November  the  excavation  of  the  lock  was  commenced.  On  19tb  June,  the 
dock  walls,  basin,  and  lock  were  completed,  and  the  tidal  water  was  admit- 
ted through  the  coffer  dam  at  the  entrance,  the  whole  work  having  thus 
been  executed  in  about  15  months.  The  water  area  of  the  dock  basin  is  65 
acres.  The  form  is  that  of  an  irregular  quadrangle,  the  southern  side  being 
780ft.  in  length,  and  the  northern  side  590ft. ;  the  width  from  north  to 
south  between  the  edges  of  the  quays  is  about  440ft.  At  the  water  sur- 
face the  width  is  420ft.,  and  the  average  depth  of  the  dock  is  31ft.  The 
dock  is  not  surrounded  with  perpendicular  quay  walls,  but  has  banks  with 
an  inclination  of  U  horizontal  to  1  perpendicular,  the  slopes  being  faced  or 
paved  with  solid  blocks  of  concrete.  Small  craft  can  get  up  pretty  close  to 
the  quays,  and  to  accommodate  vessels  of  considerable  draught  seven 
substantial  timber  jetties  have  been  constructed— four  on  the  south 
side  and  three  on  the  north  side.  Each  jetty  is  16ft.  wide  and  32ft. 
long,  and  the  floors  are  furnished  with  rails  leading  to  the  lines  round 
the  dock,  which  are  to  be  brought  into  easy  communication  with  the  Great 
Eastern  system.  The  second  jetty  on  the  south  side  is  furnished  with  a 
six-ton  crane.  The  earth  excavated  from  the  dock  and  basin  was  used  in 
raising  the  surrounding  land  to  a  height  of  9ft.  above  its  former  level,  form- 
ing a  valuable  wharfage  area  of  about  25  acres.  The  concrete  blocks  used 
in  facing  the  dock  basin  are  4ft.  square  and  15in.  thick,  and  they  are  com- 
posed of  Portland  cement,  sand,  and  shingle.  Of  these  blocks  5,000  weie 
used;  they  are  placed  on  a  layer  of  concrete  and  jointed  with  cement ;  the 
foot  of  the  sloping  wall  or  pavement  thus  formed  rests  on  a  foundation  of 


*  We  imagine  this  must  have  happened  after  the  occupants  had  dined. 


church  stone,  bedded  with  concrete,  carried  down  from  2ft.  to  4ft.  below 
the  bottom  of  the  dock.  The  dimensions  of  the  entrance  dock  are — width, 
50ft. ;  length  between  gates,  200ft. ;  depth,  30ft.  The  foundations  are 
carried  down  into  the  Kimmeridge  clay,  and  the  bottom  is  an  inverted  arch 
of  massive  brickwork,  5ft.  6in.  thick,  fronted  with  quoins  of  stone.  The 
side  walls  are  12ft.  6in.  thick  at  the  base,  and  are  gradually  reduced  to  5ffc. 
6in.  at  the  summit,  with  several  outer  buttresses  2ft.  9in.  thick.  |  ^The  end 
walls  of  the  lock  are  16ft.  thick  at  the  base  and  5ft.  thick  at  the  top,  and 
they  are  33ft.  in  height,  the  foundation  being  about  2ft.  below  the  bottom 
of  the  dock  basin.  The  sea  walls  rest  on  foundations  of  concrete  blocks, 
and  the  base  is  strengthened  by  rows  of  sheet  piles  driven  5ft.  below  the 
foundation.  The  faces  of  the  walls  are  protected  by  timber  work.  From  the 
lock  entrance  the  sea  walls  extend240ft.each  way  north  and  south,  but  beyond 
this  distance  additional  wing  walls  of  carstone  and  church  stone  have  also 
been  erected.  The  platforms  on  which  the  lock  gates  are  to  work  are  9ft.  9iu. 
below  low  water  of  average  tides,  and  are  very  substantial ;  the  stone  used 
being  the  Bramley  Fall.  The  gates  were  put  together  on  the  spot,  the  iron- 
work being  supplied  by  Messrs.  Tod  and  Son,  of  Edinburgh ;  each  leaf  being 
29ft.  wide  by  31ft.  high,  and  2ft.  9in.  thick  in  centre,  the  framework  being 
of  oak  and  the  remainder  Dantsic  fir.  The  heel-posts  were  formed  out  of 
timbers  originally  44ft.  long  and  22in.  square.  Each  leaf  weighs  25  tons, 
and  swings  on  pivots  of  wrought  iron  working  in" gun-metal  sockets,  being 
supported  also  at  the  front  edge  on  rollers  running  on  a  curved  iron  tram- 
ways. Capstans  are  provided  for  opening  and  closing  the  gates.  Each  leaf 
has  also  two  iron  sluices  for  letting  in  water  into  or  out  of  the  dock  and  for 
scouring  it  and  the  outside  channel. 


OPENING   OF   THE   NEW   ALBERT   DOCK  AT    HULL. 

On  the  22nd  ult.,  their  Royal  Highnesses  the  Prince  and  Princess  of 
Wales  formally  opened  the  new  western  dock  at  Hull,  the  last  addition  to 
the  extensive  dock  system  of  that  port.  The  first  stone,  of  the  new  dock 
was  laid  in  1863,  and  towards  the  close  of  June  last  the  dock  became  ready  for 
use,  so  that  it  occupied  altogether  six  years  in  its  completion.  The  cost 
was  about  £1,000,000,  of  which  £354,600  has  been  raised  by  bonds  and  the 
remainder  by  shares.  The  basin  of  the  Humber  dock  forms  the  entrance 
to  the  Albert  Dock,  but  to  enable  it  to  meet  the  increased  demands 
made  upon  it,  it  has  been  enlarged  so  that  it  is  now  1,000ft.  in  length  by 
,300ft.  in  width.  The  lock  is  one  of  the  largest  in  England,  the  chamber 
being  320ft.  long  and  80ft.  wide.  The  depth,  of  water  in  it  at  spring  tides 
will  be  30ft.,  and  at  neap  tides  24ft.  The  lock  is  enclosed  by  two  pairs 
of  wrought-iron  gates,  worked  by  hydraulic  machinery.  Separate  machinery 
is  fitted  to  each  pair  of  lock  gates,  and  on  the  piers  opposite,  capstans  are 
erected,  worked  by  hydraulic  power  placed  beneath;  in  ease  of  accident 
to  the  machinery,  provision  is  made  for  manning  the  capstans  in  the  ordi- 
nary way.  A  footpath  4ft.  wide  running  along  each  gate  will  afford  a  ready 
means  of  crossing  the  lock,  which  can  be  filled  in  3j-  minutes  only,  ten 
sluices  being  necessary  for  this  operation,  while  two  of  the  same  capacity 
will  as  quickly  empty  it,  although  the  ordinary  time  for  filling  and  emptying 
the  chamber  will  be  five  minutes.  The  four  sluices  form  arched  culverts, 
and  are  each  7|-ft.  high  and  6ft.  wide.  Opposite  the  engine-house,  on  the 
south  side,  a  wrought-iron  swing-bridge  will  be  thrown  across  for  general 
traffic,  and.  will  facilitate  communication  with  the  town  and  between  the 
north  and  south  sides  of  the  dock.  The  bridge  will  be  worked,  like  the 
dock  gates,  by  hydraulic  power.  The  south-east  pier  of  the  lock  which 
stands  in  the  Humber  basin  is  laced  with  wooden  framing;  the  opposite 
pier  is  built  of  Bramley  Fall  stone,  which  has  also  been  used  for  the  most 
part  in  the  construction  of  the  dock  walls.  Upon  the  south  side  a  large 
ice  warehouse  will  be  constructed,  and  to  the  west  of  this  a  platform  48ft. 
wide  will  run  for  a  length  of  700ft. ;  this  platform,  which  is  intended  for 
the  accommodation  of  the  fish  trade  of  the  port,  will  have  offices  and 
storerooms  overhead.  On  the  north  side  of  the  dock  is  what  is  known  as 
the  Railway  Creek;  the  north  side  of  this  creek  has  been  allotted  for  the 
use  of  the  Manchester,  Sheffield,  and  Lincolnshire  Railway  Company,  and  . 
the  south  side  is  to  be  occupied  by  the  North-Eastern  Railway  CompaDy. 
These  arrangements  have  been  rendered  necessary  in  consequence  of  some 
previously  existing  railway  premises  having  been  absorbed  into  the  dock 
works. 

The  dock  was  designed  by  Mr.  Hawkshaw,  C.E.,  who  has  been  assisted 
and  represented  during  the  undertaking  by  his  son,  Mr.  J.  C.  Hawkshaw: 
it  is  3,300ft.  long,  and  is  of  a  somewhat  singular  shape,  being  430fc. 
broad  at  its  widest  part,  and  only  180ft.  wide  at  its  narrowest  part ;  its 
area  being  23a.  Or.  lp.,  thus  making  the  entire  dock  accommodation  at 
HulL  84a.  Or.  16p.  There  is  a  large  amount  of  quay  space  all  round  the 
dock,  and  the  average  width  of  the  quay  is  no  less  than  lOOfc,  while  in 
some  parts  the  width  is  more  than  150ft.  On  the  north  side,  not  far  from 
the  entrance  to  the  dock,  Custom-house  offices  will  be  built,  and  it  is  also 
proposed  to  erect  in  succession  several  warehouses  and  sheds,  the  first  of 
which  is  being  carried  out  under  the  superintendence  of  Mr.  R.  A.  Marillier, 
resident  engineer.     Considerable  difficulty  has  been  experienced  in  getting 
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a  good  foundation,  and  the  walls  of  the  dock  have  been  laid  in  some 
places  on  no  less  than  20ft.  of  concrete  and  in  other  places  on  8ft.  of  con- 
crete. In  the  case  of  the  warehouse,  which  is  being  executed  under  the 
direction  of  Mr.  Marillier,  it  was  found  necessary  to  raise  the  north  wall 
superstructure  on  Memel  piles  34ft.  in  length.  The  iron  columns  forming 
the  intermediate  supports  of  the  upper  floor  beams  are  fixed  upon  large 
blocks  of  Bramley  Fall  stone,  which  are  also  supported  on  piles.  The 
warehouse  is  400fc.  long  and  50ft.  wide  ;  and  it  will  consist  of  two  stories. 
About  450ft.  from  the  inner  gate  of  the  dock,  and  midway  between  the 
north  and  south  wails,  a  substantial  mooring  dolphin  has  been  placed  for 
the  purpose  of  assisting  in  docking  and  undocking  ships.  Running  by  the 
rear  of  the  warehouse  and  street  leading  away  to  the  west  is  the  dock 
railway,  which  will  be  a  double  line  all  round  the  dock,  while  in  some 
places  four  lines  of  rails  will  be  laid.  A  few  hundred  yards  from  the  west 
end,  the  dock  railway  joins  the  North-Eastern  system,  and  thus  brings  the 
dock  in  direct  communication  with  every  town  or  village  to  which  foreign 
produce  may  be  despatched,  or  from  which  home  manufactures,  &c,  can  be 
received.  At  the  west  end  of  the  dock  the  walls  are  of  a  very  easy  pitch. 
It  may  also  be  remarked  that  beyond  the  west  end  the  Dock  Company 
owns  115  acres  of  foreshore,  which  will  be  available  for  the  purposes  of 
further  dock  extension,  if  necessary.  The  south  side  of  the  dock  stands  on 
a  site  reclaimed  from  the  Humber.  With  a  view  to  the  protection  of  the 
dock,  sach  masses  of  the  excavated  material  as  were  not  used  in  hacking 
up  the  dock  wall  went  to  form  an  embankment  outside  the  wall  of  the 
foreshore.  This  other  embankment,  or  quay,  is  about  100ft.  in  breadth 
and  next  the  Humber,  for  the  greater  part  of  its  length,  it  has  a  sloping 
wall,  faced  with  stone  ;  it  is  thus  rendered  a  highly  valuable  defensive 
outwork  for  the  protection  of  the  dock.  The  remainder  of  the  river  frontage 
of  the  embankment,  which  runs  for  a  length  of  1,700ft.,  is  piled,  the  piles 
being  backed  by  solid  earthwork.  The  western  end  of  the  south  wall  of 
the  dock  for  a  distance  of  l,300fr.  is  made  of  a  sloping  bank,  pitched  with 
stone.  At  intervals  jetties  project  from  the  south  sloping  wall ;  two  of 
these  jetties  are  furnished  with  coal  tips,  which  are  to  be  worked  by 
hydraulic  power.  The  engine  and  boiler  houses  stand  upon  piles,  and  con- 
sist of  a  plain  single-storied  erection  with  three  compartments,  being 
respectively  the  boiler,  engine,  and  accumulator  house  The  boiler-house 
is  50ft.  long  by  37ft.  wide;  the  engine-house  is  37ft.  long  by  19ft.  wide; 
and  the  accomulator-house  is  16ft.  square.  The  engine  is  a  40-horse 
double  cylinder  one,  and  will  supply  water  for  the  whole  hydraulic  machi- 
nery used  in  connexion  with  the  dock.  Water  wih  he  pumpod  by  the 
engine  at  a  pressure  of  7001b.  to  the  square  inch;  and  the  .engine  is  so 
arranged  that  one-half  its  power  can  be  retained  for  pumping  water  to  the 
machinery,  while  the  other  half,  through  the  connecting  of  an  additional 
pump,  can  be  used  for  the  purpose  ot  supplying  water  to  firepipes  laid 
round  the  whole  dock.  The  whole  of  the  machinery  worked  by  the 
engine  lias  been  testod  to  a  pressure  of  2,5001b.  to  the  square  inch.  The 
water  finds  it  way  through  5-inch  and  3-inch  pipes  round  the  whole  dock, 
and,  after  it  has  been  Deed,  it  returns  to  the  accumulator,  and  can  be  used 
i  and  again.  There  are  three  boilers  in  the  engine-house,  each  being 
20ft.  long  by  'in.  in  diameter;  the  accumulator  is  on  Sir  W.  Armstrong's 
patented  principle.  Eight  hydraulic  engines,  each  of  8-horse  power,  are 
placed  round  the  lock  to  work  the  gates,  and  four  of  10-horse  power  each  to 
work  the  capstans,  Four  of  these  capstan*,  two  above  and  two  below  the 
inner  dock  gal  >,  ure  fixed  to  haul  gbipa  in  out  of  dock,  and  they  will  exert 
a  strain  of  three  to  five  tons  each  upon  a  hawser.  The  dock  gates  are  30ft. 
high  and  50ft.  lone,  and  they  are  built  of  boiler-plate  and  in  com- 
partments L8ft.  long  by  2fV.  high.  Each  leaf  weighs  105  tons.  Three 
small  sluices  measuring  2fc.  by  l  sin.  are  set  in  each  leaf  to  assist  the  greater 

sluices,  and  to  clear  the  sills.  The  bridge  before  referred  to  will  bo  of  the 
wrought -iron  girder  class,  and  it  will  he  1  1511.  in  length,  while  the  width 
will  be  sufficient  for  a  single  line  of  railway  with  a  footpath  on  each  side. 
The  whole  of  the  hydraulic  machinery  has  been  supplied  by  Sir  W.  Qt. 
Armstrong  and  Co  ,  of  Newcastle-On-Tyne,  and  it,  has  been  ii.v'd  under  the 
intendenceof  Mr.C.  Waure.    Mr.-W,  M'Cormick  has  been  the  gei 

contractor  for  the  d  ick  works. 


m;i:    MAJESTY'S  SHIP   "MONARCH." 

The  Monarch,  armoured  iron-built  turret  ship,  7  gone,  G  102  .  1,100- 
horse-powcr  (nominal),  was  put  through  her  spped  trial  under  full  : 
power  over  the  measured  mile  course  in  Stokes  Hay,  uear  Portsmouth,  on 
the  17th  nil.,  under  the  supervision  of  Captain  E.  B.  Rice,  aide-de-camp 
to  the  Queen,  commanding  the  steam  reserve  division  at  P 
Upon  starting  for  her  trial  she  drew  Blft.  lOin.  of  water  forward,  and 
•Mil  all.    She  had  567  I  >n  n  her  bunkers,  and  was  complete 

for  sea  service  in  nil  respect «   iii  rig,  armament,  stores  of  all  kinds,  and 

crow.    The  officials  on  board  ii nnexlon  with  t ho  trial  were  Mr.  James 

Luke,  Admiralty  surveyor;  Mr.  J.  Barnes,  assistant  constructor  of  the 
Navy;  Mr.  J.  steil,  Admiralty  inspector  of  machinery;  Mr.  W.  Games, 
engineer  and  inspector  of  machinery,  Chatham  yprdj   Mr.  John  w.,,,i  and 


Mr.  G.  Murdock,  chief  inspectors  of  machinery  of  the  Portsmouth  Steam 
Factory  and  Reserve  Departments.  After  a  narrow  escape  from  collision 
with  a  yacht,  which  threw  her  out  of  her  coru-se  so  far  that  the  runs  that 
had  been  previously  made  had  to  be  discarded,  six  consecutive  runs  were 
made  over  the  measured  mile,  the  results  of  which  gave  the  subjoined 
figures  : — ■ 

First  mile. — Speed  of  ship,  13-740  knots;  revolutions  of  engines — per 
minute,  63'90 ;  per  mile,  279. 

Second  mile. — Speed  of  ship,  16216  knots;  levolutions  of  engines — per 
miunte,  62'70;  per  mile,  232. 

Third  mile. — Speed  of  ship,  13'636  knots  ;  revolutions  of  engines — per 
minute,  63'88  ;   per  mile,  281. 

Fourth  mile. — Speed  of  ship,  16216  knots  ;  revolutions  of  engines — per 
minute,  62-70;  per  mile,  232. 

Fifth  mile. — Speed  of  ship,  13-636  knots;  revolutions  of  engines — per 
minute,  65  ;    per  mile,  286. 

Sixth  mile. — Speed  of  ship,  16-290  knots;  revolutions  of  engines — per 
minute,  63'53;  per  mile,  234. 

Mean  rate  of  the  ship's  speed,  14'937  knots  per  hour.  Mean  indicated 
horse-power,  7,842. 

After  the  six  runs  had  been  completed,  the  steam  steering  gear,  fitted 
under  M'Farlane  Gray's  patent  by  Messrs.  Forrester,  of  Liverpool,  was 
applied  to  the  steering  of  the  ship,  which  had  hitherto  been  done  by  ordi- 
nary manual  labour  at  the  wheel,  and  a  couple  of  circles  taken  with  it  with 
the  following  results: — 

First  Circle. — Helm  over  to  starboard,  to  an  angle  of  38  dcg.  in  20 
seconds.  Half-circle  made  in  2  min.  12  sec,  and  the  full  circle  in  4  min. 
44  sec. 

Second  Circle. — Helm  over  to  port,  to  an  angle  of  36  deg.  in  31  seconds. 
Half-circle  made  in  2  min.  17  sec,  and  full  circle  in  -4  min.  36  sec. 

With  regard  to  the  steering  aud  turning  powers  of  the  Monarch,  nothing 
could  well  be  more  satisfactory  than  the  quick  manner  in  which  she 
obeys  the  slightest  motion  of  the  helm,  or  the  rapid  manner  in  which  she 
brings  round  her  stem  in  turning,  but  in  the  course  of  the  day's  trial, 
especially  when  the  helm  was  put  over  to  staThoard  to  avoid  collision  with 
the  yacht,  it  was  evident  that  if  the  helm  was  put  over  to  a  greater  angle 
than  25  degrees,  the  ship  would  take  charge  of  the  balanced  rudder,  and 
refuse  to  change  the  direction  in  which  she  was  moving  until  her  speed  was 
slackened,'  whatever  might  be  done  in  the  meantime  with  the  helm.  This 
is  a  serious  defect  in  the  balanced  rudder,  but  it  has  been  exhibited  before, 
and  notably  on  the  six  hours'  trial  of  the  Hercules,  when,  in  putting  her 
stern  to  the  wind  and  sea  to  run  hack  her  course  eastward  from  the  "  Bill  " 
to  the  Isle  of  Wight,  the  ship  took  charge,  and  for  nearly  half  an  hour 
cut  "  figures  of  eight,"  to  the  infinite  amazement  and  terror  of  the  crews 
of  several  collier  brigs  who  were  in  company  at  the  time. 

The  Monarch  is  a  ship  that  must  be  of  considerable  interest  to  the 
general  public,  inasmuch  as  she  represents  official  ideas  of  some  three  years 
ago  on  the  description  of  vessel  that  could  only  satisfactorily  represent  an 
ocean-cruising  turret-ship,  and  in  this  respect  has  been  designed  and  con- 
structed as  the  competitive  ship  with  the  Captain,  designed  and  building 
by  Captain  Coles  and  the  Messrs.  Laird,  at  Birkenhead.  The  form  of  the 
Monarch  bolow  the  water  line  is  considerably  finer  than  the  JBellerophon  or 
lh  r rides,  and  the  promise  of  speed  which  it  gave  was  full  confirmed  by 
the  exceptionally  high  rate  of  14'937  knots  per  hour  obtained  by  her,  as  a  - 
mean,  on  the  17th  ult.  She  is  essentially  a  turret-ship  with  a  high  free- 
hoard,  the  hitter  being  14ft.  above  the  water  line,  and  is  topped  by  a 
(lowering)  thin  iron-plate  bulwark  about  3ft.  in  depth.  From  the  sides 
inwards  to  the  centre  the  upper  deck  is  somewhat  curved,  and  tlie  guns 
in  the  turrets  are  thus  carried  with  the  axis  of  their  bore  about  20ft.  above 
the  water.  In  this  great  height  above  the  water  line  of  the  hull  of  the 
vessel  ami  all  it  carries  above-board,  the  eye  is  struck  with  the  great 
amount  of  target  BUI  face  COO  d  to  shot.  The  two  turrets  W  hiofa  tho  ship 
are  lived  as  nearly  as  possible  together  between  the  foremast  and 
mainmast,  and  with  the  funnel  between  them.  Each  turret  has  nn  outer 
diameter  of  26ft.  6in.,  and  internally  is  28ft.  They  are  plated  with 
In- inch  armour  platl  B  round  the  port*,  anil  M-inch  on  other  part-;.  In  each 
turret  arc,  mOUU      '•  oopouml   pivoted    iron  carriages  and  slide--,  two 

in  muzzle-loading  rifle  gone  of  L2in.  bore  and  L5ft.  in  length,  lln  •, 
are  exactly  balai  ced  al  the  trunnions,  and  throw  a  600-pound  shot  with  a 
batter  ursteol  701b:  of  powdi  r.     In  the  i  rdinary  portion  ol  the  guns 

•unci,  they  have  seven  <i lepn       a  ind   four  degrees  of 

town  to  the  next  position,  or  "  step,"  the)  have  half 
rod  9  deg.  of  elevation.     Lowering  them  still  further, 

and  into    thi  in    in    the    turrets,  the    K'uus    would    linn    bin  B 

vould  !"■    ivi  o  1 1.  thorn  in  throwing  shells  into 
a  loftily-planted  fortress.    The  gi  >d  ami  Lowered  in  the  turrets 

by  hydraulic  power  and  by  screws,     'there  are  four  sol    of  eights  io  each 
gnu.     The  time  occupied  in  lifting  the  guns  from  the  lowest  to  the  bighi 

step  in  lb.'  turn  i  p  al  the  rate  of  Bin.  par  i ate.     Both 

I  ased  on  the  main  deck  ol  the  ihip,  but  all  the  turning  gear  is 
on  the  deck  below,    One  set  of  ami  two  acts  of  bandgearare 
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fitted  to  each  turret  for  turning  it.  In  addition  to  the  turret  guns,  the 
ship  carries  five  6|-ton  guns  at  the  extreme  ends,  firing  through  armour- 
plated  bulkheads.  The  steam-engines  for  turning  the  turrets  have  been 
constructed  from  drawings  prepared  at  Chatham  Dockyard. 

The  Monarch  is  fully,  and,  for  an  iron-clad,  heavily-rigged,  and  this  m 
doubt  adds  to  the  favourable  appearance  she  makes  afloat  when  lying  in 
an  open  space  such  as  Spithead.  That  she  will  steam  satisfactorily  has 
been  sufficiently  proved  by  the  results  of  her  trial;  that  she  will  sail  mode- 
rately well,  with  the  large  area  of  canvas  she  is  able  to  spread,  may  be 
reasonably  expected,  and  that  she  would  fight  a  good  action  with  any  other 
ship  is  certain  with  tlie  enormous  ordnance  she  carries  in  her  turrets, 
although  her  high  sides  might  suffer  from  an  enemy's  turret  fire. 

On  the  20th  ult.,  the  Monarch  was  tested  on  her  six  hours'  continuous 
steaming  trial  outside  the  Isle  of  Wight,  the  results  of  which  may  be  taken 
as  corroborating  fully  the  high  rate  of  speed  she  attained  on  her  measured- 
mile  trial,  of  very  close  upon  15  knots  per  hour.  These  six  hours'  trials 
under  steam  of  Her  Majesty's  ships  outside  the  Isle  of  Wight  are  con- 
ducted upon  a  mere  "  rule  of  thumb  "  system,  more  puzzling  even  to  its 
promoters  than  it  is  to  outsiders.  When  the  six  hours,  continuous  steam- 
ing trials  of  Her  Majesty's  ships  outside  the  Isle  of  Wight  were  first 
entered  upon,  the  ships  were  raced  during  the  six  hours  at  their  greatest 
speed  of  engines  between  fixed  and  distance-known  headland  points,  and 
thus,  after  allowing  for  tide,  the  ship's  speed,  as  well  as  the  continuous  capa- 
bility of  her  engines,  was  obtained.  Now  the  test  is  confined  simply  to  the 
efficiency  of  the  engines  through  a  six  hours'  continuous  steaming,  and 
the  question  of  exact  difference  travelled  over  by  the  ship  during  the  six 
hours  is  entirely  shelved.  In  her  run  the  Monarch 's  engines  realized  a 
mean  speed  throughout  the  six  hours  of  62"66  revolutions  per  minute,  and 
3,797  per  hour.  The  entire  number  of  revolutions  made  by  the  engines 
during  the  six  hours  was  22,561.  The  mean  steam  pressure  in  the  cylinders 
was  19-301b.,  and  the  indicated  power  of  the  engines  7,468"40  horse,  being 
rather  less  than  during  her  speed  trial,  hut  a  much  nearer  approximation 
than  is  usual  in  such  cases. 

The  dimensions  of  the  vessel  are  : — Length  between  perpendiculars, 
330ft. ;  breadth  (extreme),  57ft.  6in. ;  depth  of  hold,  18ft.  8in. ;  displace- 
ment at  time  of  trial,  8,070  tons;  co-efficient  of  efficiency  by  Admiralty 
rule,  170. 

The  engines  of  the  ship  gave  the  greatest  satisfaction  by  their  work 
throughout  the  trial  to  the  Admiralty  officials  on  board.  Messrs.  Hum- 
phreys and  Tennant  are  the  makers,  and  they  were  represented  on  board 
by  Mr.  Humphrey?,  Mr.  Allfrey,  and  Mr.  Langdon.  The  engines  have  a 
combined  nominal  power  of  1,100  horse.  The  cylinders  have  an  effective 
diameter  of  120  inches,  with  a  piston  stroke  of  4ft.  6d.  They  have  return 
connecting  rods,  with  four  pistons.  The  boilers  are  nine  in  number,  which 
have  40  furnaces,  the  area  of  grate  surface  being  770  sq.  ft.,  and  the  total 
heating  surface  20,900  sq.  ft.  The  superheating  surface  is  3,600  sq.  ft., 
and  the  condensing  surface  16,500  sq.  ft.  The  screw  is  a  two-bladed 
"  Griffiths,"  having  a  diameter  of  23ft.  4in.,  a  pitch  of  26ft.  4in.,  and  an 
immersion  of  upper  edge  of  16in. 


EOYAL    AGRICULTURAL    SOCIETY'S  SHOW  AT  MANCHESTER. 

This  show,  which  is  generally  acknowledged  to  have  been  the  most  suc- 
cessful that  has  ever  been  held  by  the  Royal  Agricultal  Society — both  as 
regard  exhibits  and  the  number  of  visitors — came  to  a  conclusion  on  the 
24th  ult.  The  chief  prizes  offered  were  for  mowing  and  reaping  machines, 
for  both  of  which  there  were  a  great  many  competitors.  Twenty-two  pair- 
horse  grass  mowers  were  tried  during  the  13th  and  14th  ult.,  upon  a  piece 
of  meadow  grass  by  no  means  difficult  to  cut,  eleven  machines  being 
selected  for  a  second  competition  on  the  next  day.  The  grass  in  this  latter 
trial  was  not  a  specially  heavy  crop,  though  very  thick  at  the  bottom,  upon 
uneven  ground  that  formed  an  excellent  test  of  the  capabilities  of  the 
different  machines ;  and  the  half-acre  plots  were  laid  out  across  the  ridges 
and  furrows.  Lots  were  drawn  for  the  different  pieces  of  work,  and  the 
race  begau;  while  the  judges,  Messrs.  John  Hemsley,  Matthew  Savidge,  J. 
W.  Kimher,  and  C.  F.  Bramwell,  C.E.,  inspected  the  closeness  and  regu- 
larity of  cut,  and  noted  time  occupied  and  number  and  cause  of  stoppages  ; 
and  as  each  machine  completed  its  task  it  was  subjected  to  the  accurate 
draught  test  of  Messrs.  Easton  and  Amos'  dynamometer. 

Samuelson  and  Co.  cut  exceedingly  well,  but,  unluckily,  broke  a 
knife-section,  making  their  total  time  39|  minutes  with  four  stoppages. 
Hunt  and  Pickering  cut  well,  and  without  stoppage — time  33|-  minutes. 
Baml'ett's  old  machine  made  irregular  work,  and  met  with  many  stoppages. 
His  new  machine,  however,  did  especially  well.  Hornsby  and  Sons' 
"Paragon"  cut  beautifully,  particularly  in  deep  hollows  and  over  mounds 
— time  36  minutes,  with  several  stoppages.  Walter  A.  Wood's  American 
mower,  old  pattern,  made  admirable  work — time,  34  minutes,  with  half-a- 
dozen  stoppages.  Walter  A.  Wood's  new  "  Imperial "  machine  (in  which 
the  crank  connecting  rod  and  the  lever  supporting  the  cutter  bar  pass 
through  one  of  the  travelling  wheels,  made  without  spokes  for  the  purpose) 


cut  beautifully  and  without  a  single  stoppage,  completing  the  half-acre  in 
29  minutes.  J.  and  F.  Howard's  l;  British  "  mower  left  the  ground  won- 
derfully close  and  evenly  shaven,  and  finished  its  plot  in  304-  minutes,  with 
three  stoppages.  Hornsby  and  Son's  new  mower  made  most  excellent 
work,  occupying  35  minutes,  with  only  a  couple  of  stoppages.  Picksley, 
Sims,  and  Co.'s  beautifully  made  machine  also  did  particularly  well ;  and 
Burgess  and  Key's  mower,  in  which  all  the  working  parts  lie  in  the  most 
compact  iform,  following  the  cleared  track,  cut  closely  and  regularly, 
occupying  34  minutes,  and  making  three  stoppages. 

The  one-horse  mowing-machines  of  Picksley,  Sims,  and  Co.,  W.  A. 
Wood,  Samuelson  and  Co.,  Kearsley  and  Co.,  Burgess  and  Key,  Brigham 
Bickerton,  Hornsby  and  Sons,  and  the  Reading  Ironworks  Company  were 
tested  on  the  14th  ult.  In  offering  £30  in  prizes  for  these  machines,  with 
a  view  to  supplying  the  wants  of  small  farmers,  the  Society  appears  to  have 
overlooked  certain  practical  considerations.  The  power  requisite  to  drive 
the  reciprocating  knife  with  sufficient  speed  is  so  great  that  the  performance 
obtainable  by  only  one  horse  compares  very  unfavourably  with  that 
obtainable  by  two  horses ;  if  a  farmer  cannot  employ  a  team  of  his  own, 
he  had  better  trust  to  hiring  a  neighbour's  machine,  or  keep  to  the  manual 
scythe  ;  and  if  his  hay, crops  are  always  light  enough  for  one-horse  mowing 
he  might  put  his  grass  land  to  a  better  use  than  growing  on  it  such  a  thin 
supply  of  winter  fodder. 

The  two  hundred  guineas'  worth  of  prizes  offered  for  reaping  machines 
brought  out  a  bewildering  number  of  inventions  more  or  less  novel  and 
meritorious;  and,  though  some  odd  fancies  appeared  among  the  fourscore 
reapers  in  competition,  there  was  generally  observable  a  great  improvement 
in  details  of  construction  for  strengthening,  while  at  the  same  time  light- 
ening machines  which  are  subject  to  rough  usage  over  all  irregularities  of 
bard  or  soft  ground,  and  for  providing  against  the  undue  wear  of  working 
parts.  This  wood  framing  has  given  way  to  wrought  iron,  giving  a  mini- 
mum of  weight  in  proportion  to  strength  ;  dimensions  are  more  nicely 
calculated  with  reference  to  the  different  strains,  and  the  liability  of 
different  parts  to  fracture  and  wear  is  avoided  and  time  economized  by 
the  extensive  application  of  self-acting  lubricators  to  rapidly-moving  and 
other  frictional  parts. 

From  a  first  trial  of  machines,  delivering  the  cut  corn  in  a  continuous 
swathe  at  the  side  clear  of  the  next  horse  track,  a  few  were  selected  for  a 
second  contest.  The  Beverley  Company's  reaper,  which  is  propelled  by 
tbree  horses  walking  behind  it,  takes  7|ft.  breadth  at  once,  and  delivers  an 
admirably  laid  swathe  to  the  right  or  left  hand  as  desired.  Hornsby  and 
Sons'  "Plymouth"  reaper  cut  well,  and  laid  a  very  uniform  swathe. 
Bamlett's  was  remarkably  successful.  Burgess  and  Key's  screw-platform 
reaper  performed  admirably,  both  in  cutting  and  in  delivering  a  well  laid 
swathe  ready  and  easy  for  the  gatherer  and  the  binder.  In  the  second 
trial  were  Brigham  and  Bickerton's  with  revolving  rakes ;  Walter  A. 
Wood's  American  prairie  machine,  with  a  single  rake  to  clear  the  platform 
by  traversing  horizontally  upon  an  endless  pitch  chain,  which  is  concealed 
in  a  groove  surrounding  the  platform;  Howard's  "British"  reaper, 
Samuelson's  old  pattern  and  new  pattern  machines,  Burgess  and  Key's 
"  M'Cormick  "  reaper,  and  Hornsby  and  Sons'  "  Governor  "  and  "  Progress  " 
machines. 

Hornsby's  newest  reaper,  with  shafts  and  with  driver's  seat  on  the  pole, 
delivered  remarkably  regular,  square-ended  sheaf  bunches.  Howard's 
sheaves  were  also  neatly  laid,  and  the  peculiar  action  of  the  gathering 
boards  in  entering  the  crop  low  down  and  then  lifting  the  laid  corn  and 
laying  it  upon  the  platform  in  readiness  for  delivery  by  the  rakes  was 
much  admired.  Burgess  and  Key's  sheaves  were  rather  more  spread,  but 
the  cutting  beautifully  done.  Samuelson's  new  machine,  in  which  the 
rakes  rotate  out  of  the  way  of  the  driver's  seat  at  the  side,  made  admirable 
sheaves  and  cut  half  an  acre  in  twenty-six  minutes.  Among  manual 
delivery  machines,  Bamlett's,  with  fixed  as  well  as  vibrating  knives,  made 
splendid  cutting ;  Cuthbert's  strongly-built  machine  did  admirable  work 
Picksley  and  Sims's  extraordinarily  compact  piece  of'  mechanism  attracted 
considerable  attention :  Howard's  machine  displayed  great  capacity  for 
following  closely  over  all  irregularities  of  the  surface.  Several  other 
machines  made  excellent  work. 

The  awards  of  prizes  for  the  mowing  machines  and  combined  mowers 
and  reapers,  are  as  follows :  Combined  mowers  and  reapers,  1st  prize  £20, 
Messrs.  Samuelson  and  Co.,  Banbury,  Oxfordshire,  for  combined  self-raking, 
reaping,  and  mowing  machine  (two  horse)  ;  2ndprize,  £10,  Richard  Hornsby 
and  Sons,  Grantham,  for  new  patent  paragon  combined  mower  and  reaper. 
The  judges  were  of  opinion  that  all  the  machines  exhibited  under  the  title 
of  one-horse  mo  .vers  were  far  too  heavy  in  draught  to  be  worked  by  one 
horse,  and  therefore,  under  clause  3  of  their  instructions,  withheld  the 
sums  assigned  fur  prizes  of  this  class.  Prizes  for  mowers :  1st,  £20,  Messrs 
R.  Hornsby  for  new  patent  paragon  mower ;  2nd,  £17,  W.  A.  Wood, 
London,  for  grass-mowing  machine  ;  3rd,  £13,  Burgess  and  Key,  Newgate- 
street,  London,  for  mowing  machines  for  two  horses.  The  following  are 
highly  commended  :  Messrs.  Samuelson  and  Co.,   Banbury,  patent  grass- 
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mowing  machine  (two  horse).  Commended:  Mr.  A.  C.  Bamlett,  Thirsk, 
fo,r  two-horse  mower. 

For  reaping  machines  the  results  are  as  follows: — For  machines  deliver- 
ing the  cut  corn  in  continuous  swathe  at  one  side,  and  clear  of  the  horse 
track,  a  prize  of  £25  is  given  to  Mr.  A.  C.  Bamlett,  £20  to  Messrs.  Burgess 
and  Key,  £15  to  Messr3.  Hornsby  and  Sons •  and  the  Beverley  Iron  and 
Wagon  Company  obtain  two  commendations,  one  for  their  three-hor.-e  and 
another  for  their  two-horse  machine.  For  machines  delivering  the  corn  in 
sheaf  bunches,  Messrs.  Hornsby  and  Sons  take  £25  and  £20  for  two 
';  Governor"  reapers,  one  a  right-handed,  the  other  a  left-handed  machine  ; 
Samuelson  and  Co.  take  £15  for  their  new  self-raking  machine;  and 
another  of  Hornsby  and  Sons'  "Governor"  reapers  and  one  of  their 
•'  Progress  "  reapers  are  highly  commended.  For  machines  without  self- 
delivery,  or,  in  other  words,  manual -delivery  machines,  £12  are  awarded  to 
Messrs.  Hornsby  aud  Sons,  £10  to  A.  C.  Bamlett,  and  £8  to  Samuelson 
and  Co.  For  one-horse  manual-delivery  reapers,  £12  are  awarded  to  A. 
C.  Bamlett.  £10  to  Hornsby  and  Co.,  £8  to  Cuthbert  and  Co. ;  and 
Samuelson  and  Co.  are  highly  commenced. 

Steam  cultivating  machinery  was  represented  by  Messrs.  Fowler  of 
Leeds,  Messrs.  Howard  of  Bedford,  Mr.  Fisken  of  Newcastle,  and  Messrs. 
Kinsey,  Norton  and  Hill  of  Nottingham.  Mr.  Fisken  has  applied  a 
modification  of  Mr.  Bamsbottom's  "flying  rope"  to  steam  cultivating 
purposes.  In  place  of  traversing  his  engines  along  the  headland,  as  in  the 
double  engine  system,  or  leading  the  wire  rope  round  the  field  from  an 
engine  in  a  fixed  position,  as  in  the  round-about  system.  Mr.  Fisken 
employs  a  couple  of  windlasses,  which  are  traversed  along  the  opposite 
headlands,  and  drives  these  windlasses  by  means  of  a  "flying rope"  driven 
by  the  engine,  which  is  placed  in  any  convenient  position.  Mr.  Fisken 
employs  a  Manilla  rope,  and  the  gearing' of  the  windlasses  is  proportioned, 
so  that  the  speed  of  the  rope  is  about  thirteen  times  the  mean  speed  of  the 
implement.  With  this  latter  moving  at  the  rate  of  three  miles  per  hour, 
therefore,  the  rope  would  travel  at  a  speed  at  3,432ft.  per  minute,  and  each 
y61bs.  of  "pull"  exerted  upon  it  would  represent  the  development  of  an 
effective  horse-power  by  the  engine.  The  rope  is  driven  by  passing  it 
round  the  grooved  fly-wheel  of  the  engine,  and  the  windlasses  are  fitted 
with  gear  which  renders  them  self-moving.  It  is  claimed  for  this  system 
that  the  engine  can  be  placed  on  hard  ground  wherever  coal  and  and  water 
can  be  most  conveniently  supplied  to  it.  that  the  power  can  be  transported 
long  distances,  and  there  is  but  slight  strain  on  the  anchorages  of  the 
pulleys  round  which  the  flying  rope  passes,  and  that  the  rope  itself  is  of 
romparatively  small  cost.  Mr.  Fisken's  system  is  being  introduced  by  the 
Britannia  Steam  Cultivator  Company,  Leeds. 

There  were  several  traction  engines  and  road  rollers  exhibited,  such  as 
Mr.  Thomson's  india-rubber  tyre  engine  aud  pot  boiler ;  also  engines  by 
Messrs.  Clayton  and  Shuttleworth,  Messrs.  Aveling  and  Porter,  Messrs. 
Robey,  and  Messrs.  Garrett,  which  are  all  too  well  known  to  require  any 
detailed  description.'  Messrs.  Manning,  Wardle,  and  Co.  exhibited  a  road 
roller  constructed  according  to  the  design  of  MM.  Gellerat&  Cie.,  of  Paris. 
It  is  11  tons  in  weight,  aud  is  made  to  roll  a  width  of  4ft.  Gin.,  and  is 
carried  upon  two  rollers  but  4ft.  in  diameter.  The  engine  appears  very 
top-heavy,  the  centre  of  gravity  being  much  too  high.  Messrs.  Aveling 
and  Porter's  roller,  to  which  a  silver  medal  has  been  awarded,  weighs  15 
tons  empty,  and  a  little  over  16  tons  in  working  order,  and  is  carried  on 
four  broad  wheels  or  rollers,  two  of  these — the  drivers — being  placed  near 
the  front  end,  and  the  other  two  being  arranged  close  together  behind  the 
fire-box,  so  that  they  cover  the  space  left  between  the  leading  rollers,  and, 
in  fact,  slightly  lap  the  tracks  of  the  latter.  The  leading  rollers  are  5ft., 
and  the  bind  rollers  4ft.  .(in.  in  diameter,  and  the  total  width  rolled  is  6ft. 
The  driver  stands  on  one  side  of  the  engine,  aud  the  steersman  on  the 
other,  and  the  whole  of  the  gearing  is  very  simply  arranged,  and  is  fully 
Open  to  inspection.  To  enable  the  roller  to  adjust  itself  to  curved  or 
Uneven  roads,  the  turntable  to  which  the  axis  of  the  hind  rollers  is  fixed  is 
so  arranged  that  the  engine  can,  as  it  were,  ruck  upon  it  to  a  certain  extent, 
and  one  of  the  leading  rollers  can  thna  drop  freely  down  to  a  lower  level 
than  that  on  the  other  side  without  disturbing  the  bearing  of  the  hind 
rollers  in  any  way.  This  roller  did  tomegood  work  at  Manchester  daring 
the  week  preceding  the  show.  On  the  arst  trial  in  Peter-street,  2,226 
ire  yards  of  newly-metalled  road  id  down  in  ten  boors,  with 

the  consumption  of  6  cwt.  of  coke,  while  on  a  inhsegnenl  occasion,  when 
machine  was  tested  ;n  front  of  the  Town  Hall)  600  iqoare  yards  were 
r  .lied  down  iii  2\  hoars,  •  be  expendttare  ■•!  rani  in  >  L is  ,-.i„.  being  but  three 
'null  In  each  case  the  machine  wis  managed  by  two  men.    By 

planing  spikes  In  holea  provided  for  them  in  the  wheels,  Messrs.  Aveling's 
roller  enn  also  be  employed  for  picking  Op  the  road,  and  its  capabilities 
in  this  RSptCt  were  recent  1]  tested  in  Birmingham.  On  that  occasion  an 
area  of  2,068  - f|ii:i re  yards  WIS  ;'  pi'  Led  no"  in  three    hours  fort  \   minutes, 

UJOlbs.  of  coke  being  burnt.    The  ,  ross-pioking  was  afterwards  performod 

bjf  hand  labour,  fourteen  men  beinir  employed  tor  li  hour*,  thirteen  men 
lor  1£  hours,  seven  men  for  2  hours,  gad  three  men  for  3  hours — the  whole 
being  equivalent  to  one  man  working  60  hours. 
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OX    THK    MONCRIEFF    SYSTEM    OF    WORKING     ARTILLERY 
APPLIED  TO  COAST  DEFENCE. 
By  Captain  Moxceieff. 

Until  the  time  of  the  Crimean  war  very  little  and  very  slow  progress  had 
been  made  in  artillery.  Cannon  were  manufactured  on  nearly  the  same  models, 
and  of  the  same  materials  that  had  been  used  for  309  3-ears.  Before  that  time 
cast-irou  was  not  in  use,  but  the  forged  or  bronze  guns,  although  in  some  cases 
large,  were  not  what  is  now  considered  powerful ;  and  the  penetration  of  their 
shot  was  not  sufficient  to  pass  through  a  parapet  of  earth  that  is  now  pierced 
even  by  light  rifled  artillery.  The  conditions,  therefore,  uuder  which  artillery 
was  worked,  and  the  means  provided  for  protection  against  its  fire,  remained 
much  the  same  as  the}*  were  in  the  time  of  Yauban.  Several  events  during  the 
Crimean  campaign  confirmed  an  impression  that  has  always  been  more  or  less 
entertained,  that  an  increase  in  the  power  of  individual  guns  produced  greater 
rcsidts  than  could  be  obtained  by  a  much  greater  weight  of  metal,  distributed 
among  a  larger  number  of  small  pieces  of  artillery.  It  is  not  too  much  to  say, 
that  the  development  of  this  art  has,  since  1855,  changed  the  character  of  war 
both  on  land  and  water.  It  has  established  completely  the  superiority  of  a 
few  large  pieces  over  a  much  greater  weight  of  metal  in  smaller  guns.  It  has 
given  artillery  of  all  classes  a  range,  penetration,  and  an  accuracy  of  Fire,  which 
throw  into  the  shade  the  greatest  results  that  had  been  previously  obtained. 
It  has  also  stimulated  the  advocates  of  cast-iron  smooth  bores  to  produce  guns 
that  might  rival  the  rifled  artillery ;  and  yet  it  is  by  no  means  probable  that 
the  limit  of  power,  either  of  large  smooth-bores  or  rifled  guns,  has  been  arrived 
at.  When  it  became  apparent  that  mighty  results  were  to  be  obtained  from 
improved  artillery,  a  great  deal  of  engineering  talent  was  directed  to  the  sub- 
ject. Comparatively  new  appliances,  such  as  the  steam-hammer,  and  new 
methods  of  working  steel,  were  called  to  aid  in  the  construction  of  the  new 
and  powerful  guns.  So  much  interest,  indeed,  was  taken  in  the  subject,  and 
so  much  attention  absorbed  by  it,  that  the  conditions  which  these  improve- 
ments in  artillery  themselves  imported  with  them  ran  some  danger  of  being 
neglected.  The  power  of  artillery  became  so  great,  that  the  ordinar}-  provisions 
for  protection  against  its  fire  were  rendered  useless.  Forts  that  were  considered 
strong  twenty  years  ago  would  crumble  under  the  shock  of  modern  projectiles, 
aud  in  some  cases  would  even  be  too  weak  to  support  the  guns  while  they  were 
fired.  That  service  which  the  new  artillery  affected  most  palpably  was  the 
Navy,  and  the  Navy  accordingly  took  the  initiative  in  introducing  means  cal- 
culated to  resist  the  penetration  of  the  new  and  terrible  projectiles.  Every  one 
is  more  or  less  conversant  with  the  process  that  has  been  going  on  of  covering 
ships'  sides  with  iron,  which  has  increased  in  thickness  till  it  really  looks  as  if 
the  process  at  last  would  only  be  limited  by  a  ship's  power  of  flotation.  War- 
ships, however,  not  only  protect  their  sides  against  shot,  but  they  also  carry 
the  heaviest  artillery  on  their  decks.  This  fact  could  not  be  overlooked  by  those 
who  bad  to  construct  coast  defences,  as  well  as  other  works  against  which 
modern  heavy  artillery  might  be  used. 

I  shall  not  enter  into  details  regarding  the  successive  steps  which  were  taken 
in  Eugland  in  this  direction,  as  I  understand  Colonel  Jervoise  has  already  done 
so  in  this  Institution.  It  is  enough  to  state  that  great  engineering  skill  has 
been  exercised,  and  unwearied  efforts  have  been  made  to  meet  the  new  condi- 
tions. That  skill  and  these  efforts  have,  with  the  experiments  at  Shoeburyness, 
given  us  defensive  iron  structures  which  are  marvels  of  strength  and  ingenuity. 
Unfortunately  they  are  also  marvels  of  costliness  ;  and  there  is  room  to  hope 
that  their  use  will  therefore  be  generally  confined  to  such  positions  on  land  as 
can  only  be  protected  hi-  such  iron  structures.  This  hope  is  founded  on  another 
system,  with  which  my  name  is  connected,  and  which  I  am  here  to  explain. 
Before  doing  so  I  shall  point  out  the  dilemma  which  left  military  engineers  no 
alternative,  and  which  compelled  them  to  give  up  in  succession  the  use  of  earth, 
concrete,  granite,  &c,  and  at  last  to  resort  to  the  most  expensive,  but  the 
strongest,  material — iron. 

There  are  two  considerations  always  to  be  taken  into  account  in  providing 
the  means  of  using  artillery :  the  one  is  to  place  the  gun  so  as  to  be  most 
formidable  to  the  enemy,  and  the  other  is  to  place  it  at  the  same  time  under  as 
much  cover  as  possible,  so  that  it  is  not  liable  to  bo  disabled,  nor  arc  the  men 
serving  it  liable  to  be  destroyed  by  hostile  fire.  These  two  conditions  interfere 
with  one  anothor;  that  is  to  say,  whatever  has  hitherto  been  gained  in  one 
direction  has  been  lost  in  the  other.  (inns,  ,  n  barbt  <>■ ,  lack  protection  ;  guns 
in  embrasures  or  in  casemates  sacrifice,  on  the  other  hand,  free  lateral  range,  and 
it  is  more  difficult  in  their  case  to  see  the  enemy,  and  therefore  to  lay  the  guns 
in  action.  The  difficulty  that  presented  itself  with  the  introduction  of  late 
improvements  in  artillery  was  Bimply  that  the  increased  precision  and  range, 
coupled  with  great  improvements  in  the  manufacture  of  large  shells  and  also 
in  small  arms,  rendered  barbette  batteries  too  exposed  to  he  relied  on.  At  the 
same  time  tho  tremendous  penetration  aud  precision  of  tho  new  artillery  ren- 
dered the  ordinary  parapet  and  embrasures  nseleSS.  What  was  to  be  done  under 
these  circumstance.,.-        Protection    Irom   direct    lire    must    he  got    at    any  price. 

The  first  impulse  would  be,  to  thicken  the  parapet.     This  could  not,  however, 

bo  done,  as  the  necessary  angle  in  the  checks  of  the  embrasures  required  for 
training  the  guns  opens  up  a  wider  aperture,  in  direct  proportion  to  the  tlWckness 
of  tho  parapet,  making  the  vuuoimwn thiokness  in  practice  80ft.    Bai  ihothave 

been  known  to  penetrate  more  than  300.  into  the  earth  ;  and  the  most  impor- 
tant part  of  the  parapet,  viz.  that  near  the  guns,  must  always  be  thin  and  weak, 
whatever  may  be  the  thickness  of  the  rest.  Shells,  striking  this  part,  would 
just  meet  sufficient  resistance  to  hurst   them,  and   Would  make  haV04  among  the 

men.  Nasi,  granite  masonry  wss  thought  of;  but  it  proved  in  soma  respects 
worso  than  earth,  and  was  found  practically  bad  ;  tberOWSS  no  alternative  but 
to  go  to  iron.  This  conclusion  was  reluctantly  arrived  at,  and  reluctantly  it 
was  acted  on. 
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The  decisions  of  committees  which  investigated  all  the  bearings  of  the  ques- 
tion, the  opinions  of  professional  men,  and  the  experiences  of  the  American 
war,  all  coincided,  and  accordingly  our  important  coast-works  were  designed 
to  receive  iron  shields,  casemates,  and  cupolas.  Vital  positions  in  England, 
such  as  dockyards  and  arsenals,  must  he  fortified.  It  would  bo  false  economy 
indeed  to  use  any  method  of  fortification  that  experience  has  proved  to  be 
insufficient.  No  savings  could  justify  the  election  of  works  that  might  prove  at 
once  the  tomb  of  their' defenders  and  perhaps  of  the  nation's  honour.  There- 
fore the  only  proper  decision  was,  to  take  that  means  to  meet  the  difficulty  which 
was  at  the  time  considered  best  and  safest.  Expense  was  properly  a  considera- 
tion very  secondary  in  importance  to  efficiency. 

I  shall  now  endeavour  to  point  out  the  difficulty  of  the  task  which  lay  before 
the  engineer,  even  after  the  decision  in  favour  of  iron,  from  the  extraordinary 
advances,  already  spoken  of,  in  artillery.  There  is  only  one  morsel  of  comfort 
left  for  those  who  have  to  provide  for  the  requirements  of  defence,  viz.,  that  a 
form  of  artillery-fire  of  a  very  galling  nature  remains  exactly  as  before,  and 
indeed  is  not  much  better  than  it  was  in  the  time  of  Queen  Elizabeth.  What 
is  alluded  to  is  vertical,  or  mortar  fire.  There  is  some  consolation,  too,  in  the 
reflection  that  the  cause  of  this  fire  not  being  much  improved  is  one  to  a  great 
extent  likely  to  be  lasting.  Rifled  mortars  would  no  doubt  lessen  deflection  to 
right  or  left ;  but  as  long  as  gunpowder  is  affected  in  strength  by  the  slightest 
atmospheric  or  other  influence,  and  still  more  certainly  as  long  as  a  slight  error 
in  elevation  at  long  ranges  will  make  a  large  error  on  the  plane  of  fire, 
the  comparative  inaccuracy  of  vertical  fire  must  continue.  To  show 
how  little  can  be  done  in  this  way  compared  with  the  admirable  pre- 
cision and  accuracy  of  direct  fire,  I  may  state  that  100  rounds  were  fired  one 
day  last  season  at  Shoeburyness  at  800  yards  range  with  a  13in.  mortar  at  the 
row  of  experimental  casemates  which  cover  a  good  deal  of  ground.  The  mortar 
was  laid  with  spirit-levels  and  all  the  appliances  of  the  school  of  gunnery,  and 
yet  the  100  rounds  were  expended  without  a  single  hit.  If  such  is  the  case 
with  a  steady  platform  and  under  such  exceptionally  favourable  circumstances, 
it  can  easily  be  seen  how  uncertain  in  its  effects  would  practice  be  from  mortar- 
boats,  which  move  with  every  wave,  if  directed  at  an  equally  small  object. 
During  the  eleven  months'  siege  of  Sevastopol  the  French  had  242  mortars 
engaged,  which  were  themselves  exposed  to  vertical  fire,  and  yet  not  one  of 
these  mortars  was  disabled.  It  is  indeed  a  strange  contrast,  that  while  direct 
fire  is  getting  more  powerful,  more  accurate,  and  more  destructive  every  year, 
vertical  fire  remains  much  as  it  was,  and  can  only  be  relied  on  to  hit  a  large 
object,  such  as  a  fort,  a  town,  or  anything  that  covers  a  great  deal  of  ground. 
Notwithstanding  this,  it  would  be  a  great  mistake  to  despise  it  as  a  powerful  and 
galling  means  of  attack. 

To  return  to  the  difficulties  of  meeting  direct  fire  in  coast  defence.  It  must 
he  borne  in  mind  that  batteries  intended  to  engage  ships  are  obliged  to  meet  an 
enemy  who  can  move  his  position  to  that  quarter  where  he  is  least  exposed, 
who  can  continue  in  motion  while  he  is  conducting  his  attack,  and  who  can 
seek  out  the  most  vulnerable  face  of  the  land-work  to  operate  upon.  In  con- 
structing such  batteries  it  is  first  of  all  necessary  to  make  them  of  sufficient 
strength  to  resist  the  guns  of  ships  which  are  the  most  powerful  that  can  be 
made.  It  is  next  required  that  these  batteries  should  be  constructed  in  such  a 
manner  that  they  can  direct  their  fire  with  rapidity  and  precision  in  any  direc- 
tion in  which  the  ships  can  take  up  their  position.  And  lastly,  it  is  required 
that  they  should  mount  guns  of  sufficient  weight  and  power  to  be  formidable 
to  the  heaviest  iron-clads. 

In  former  times  guns  en  barbette  were  preferred  for  this  purpose,  because  they 
met  the  two  first  requirements  alluded  to ;  that  is  to  say,  that  from  not  being 
confined  by  embrasures  or  ports,  they  were  able  freely  to  follow  their  floating 
enemy  whatever  position  he  might  take  up,  naval  fire  at  that  time  being  neither 
so  correct  nor  so  formidable  as  to  make  such  batteries  unserviceable.  The  case, 
however,  is  now  completely  changed ;  for  not  only  have  guns  been  improved, 
but  ammunition  also ;  and  heavy  shells  are  most  destructive.  Rear- Admiral 
Porter,  of  the  United  States  Navy,  in  a  report  on  coast  defences,  says,  "  Such 
guns,  standing  so  high  up,  are  just  the  objects  that  navel  gunners  would 
delight  to  explode  their  Shrapnell  against,  and  from  my  experience  in  naval 
gunnery,  the  third  shell  would  kill  every  man  at  the  gun."  Von  Scheliha,  in  his 
treatise  on  coast  defences,  "  Guns  mounted  en  barbette  may  always  be  silenced 
by  an  iron-clad."  This  form  of  battery,  therefore,  is  disposed  of.  We  shall 
now  examine  the  difficulties  connected  with  the  other  alternatives.  Common 
masonry  batteries  have  been  condemned  as  worse  than  useless,  as  they  would 
only  make  the  ship's  fire  more  destructive  than  if  directed  against  guns  en  barbette. 

Next  comes  the  expeusive  alternative  which  has  been  adopted,  viz.,  iron 
shields,  casemates,  and  turrets.  It  is  most  interesting  to  examine  how  far 
this  system  of  iron,  the  last  alternative  left,  meets  the  three  requirements  of 
coast  defence  alluded  to,  and  to  see  what  very  great  difficulties  had  to  be  encount- 
ered in  applying  it. 

The  three  requirements  are  thus  recapitulated :— 1st.  Strength  of  the  battery 
to  resist  naval  fire,  and  give  sufficient  protection  to  the  men.  2nd.  Power  of 
fighting  the  guns  with  accuracy  and  effect,  of  following  the  enemy  with  ease  as 
he  moves,  of  being  able  to  face  him  on  any  side  from  which  he  approaches. 
3rd.  Power  of  using  the  most  formidable  guns  to  advantage. 

Th»  first  difficulty  was  to  decide  the  matter  of  strength.  Now  guns  are 
becoming  more  and  more  weighty  and  powerful  every  day,  and  therefore  the 
strength  required  to  resist  them  is  an  unknown  quantity.  An  iron  casemate 
of  the  present  proposed  strength  costs,  according  to  official  returns,  with  all 
the  battery  adjuncts  except  the  gun  and  carriage,  about  £5,000  or  £(3,000  for 
each  gun.      A  2-gun  turret,  about  £25,000  or  £30,000.*      If  guns  of  50  tons 


*  The  price  of  a  permanent  Moncrieff  battery,  with  magazines,  &c,  including  the  extra 
expense  of  carriages,  is  from  £1,100  to  £1,000  for  each  gun;  an  iron  shield  battery  from 
£1,800  to  £2,000  per  gun  ;  an  iron  casemate  battery,  from  £5,000  to  £6000  per  tun  ■  a 
turret,  from  £12,500  to  £15,000  per  gun.  f      t,     > 


are  introduced  in  ships,  as  is  proposed,  these  defences  are  at  once  quite  inefficient, 
and  it  is  not  known  how  strong  or  how  expensive  should  be  the  iron  works,  to 
replace  them.  Such  questions  must  be  very  embarrassing  indeed  to  those  who 
have  to  decide  these  matters.  Besides  protecting  the  gun  and  carriage  from  the 
enemy's  shot,  protection  must  also  be  given  to  the  men.  This  is  the  most 
serious  of  all  considerations  in  coast  defence,  for  the  following  reasons : — The 
best  experience  we  have  regarding  naval  attacks  on  land-works  is  derived  from 
the  late  American  war,  in  which  a  great  many  actions  of  that  kind  took  place. 
It  would  be  unwise  to  ignore  this  experience,  because  the  increasing  power  of 
artillery  only  gives  it  more  weight.  During  the  whole  of  that  war  very  few 
guns  were  destroyed  by  the  naval  fire  in  earthen  batteries.  At  Port  Wagner 
only  three  guns  were  totally  dismounted,  although  2,864  shot  and  shell  were 
fired  into  it  in  forty-eight  hours,  and  the  bomb-proofs  were  hit  1,200  times. 
Seventeen  siege-mortars,  several  cohorns,  and  thirteen  heavy  pieces  of  artillery 
were  incessantly  employed.  At  Port  Fisher  the  bombardment  was  opened  at 
the  rate  of  115  shells  per  minute,  and  although  the  guns  were  mounted  en  barbette, 
only  two  of  them  were  dismounted  when  the  place  fell.  At  Fort  Powell  a 
tremendous  bombardment  from  mortar  and  gunboats  ('the  most  accurate  firing 
being  from  15-inch  mortars)  was  maintained  from  22nd  of  February  till  2nd  of 
March,  and  not  a  single  gun  was  dismounted.  The  success  of  the  ships  over  the 
forts  was  gained  by  demolishing  the  works,  and  still  oftener  by  making  the 
service  of  the  guns  so  dangerous  that  the  men  could  not  work  them. 

Rear-Admiral  Porter,  U.  S. Navy,  in  his  report  on  coast  defence,  states,  "The 
new-fashioned  casemates  turned  out  to  be  no  better  than  the  guns  en  barbette. 
They  were  perfect  slaughter-houses,  and  were  piled  up  with  dead  and  wounded. 
Every  shell  that  went  through  the  port-holes  killed  and  wounded  every  man  in 
the  close  casemate.  This  proved  to  me  most  satisfactorily  that  guns  in  casemates 
were  no  better  protected  from  shells  than  those  en  barbette." 

With  such  evidence  as  this  before  them,  from  men  who  were  conversant  with 
all  the  events  of  that  great  war,  it  was  indeed  a  serious  question  to  decide  what 
was  to  be  done.  I  myself  cannot  see  how  men  in  an  iron  casemate  are  as  much 
exposed  as  in  a  barbette  battery;  but  there  is  no  doubt  that  if  the  povt  of  the 
strongest  casemate  was  as  large  as  those  referred  to  by  Admiral  Porter,  it 
would  be  open  in  the  same  circumstances  to  the  same  dangers  as  the  damage 
was  done  by  entrance  of  shell  through  the  port.  The  protection  a  casemate 
would  afford  from  vertical  fire  in  such  a  case  would  be  but  a  poor  advantage  if 
more  correct  and  more  deadly  weapons  than  the  mediaeval  mortar  could  still  search 
out  at  times  the  exposed  point  of  the  casemate  and  kill  every  man  inside.  The 
next  requirements  in  a  coast  battery,  viz.,  to  be  able  to  follow  an  enemy  amidst 
clouds  of  smoke,  and  to  lay  the  guns  on  him  with  precision  and  dispatch, 
formed  a  more  embarrassing  difficulty  still.  On  the  one  hand,  the  ports  must 
be  constructed  for  muzzle-pivoters  to  give  protection.  On  the  other  hand,  if 
they  are  made  so  small  it  is  difficult  to  see  through  them,  to  fire  correctly  and 
quickly  at  different  elevations,  and  on  different  sides  on  a  moving  enemy.  The 
battery  is  in  the  position  of  a  knight  who  must  either  expose  his  vitals  to  his 
enemy's  lanee  or  put  on  armour  that  paralyzes  his  sword  arm.  There  is  as 
much  protection  in  the  power  of  being  able  to  strike  as  there  is  in  being  able  to 
guard.  As  naval  actions  are  likely  to  be  short  and  decisive,  it  must  have 
appeared  extremely  doubtful  whether  it  was  worth  purchasing  increased  safety 
at  the  expence  of  losing  the  attacking  power.  The  last  of  the  three  require- 
ments in  coast  defence  stated  was  the  necessity  of  using  the  most  powerful 
cannon.  This  did  not  present  the  same  difficulty  as  the  other  two,  because  the 
designers  of  our  defences  had  been  presented  by  my  friend  Captain  Coles  with 
the  means  of  mounting  the  heaviest  guns  to  fire  in  any  required  direction. 
When  very  large  and  valuable  guns  are  used,  it  is  not  advisable  to  cramp  their 
action  and  restrict  it  to  a  small  area.  The  turret  was  therefore  preferred  to 
the  casemate  when  lateral  range  was  require;  and  though  apparently  very 
expensive  it  was  in  reality  cheaper  than  casemates,  because,  although  the  mount- 
ing of  the  guns  in  this  manner  cost  more,  they  were  enabled  to  do  much  more 
work,  and  there  was  thus  an  economy  both  of  guns  and  men. 

Having  thus  far  endeavoured  to  describe  the  extraordinary  difficulties  which 
the  new  improvements  in  artillery  inevitably  entailed  on  the  engineers,  I  shall 
now  direct  yonr  attention  for  a  short  time  to  the  difficulties  in  which  the  same 
improvements  involved  the  artillery-men  themselves.  These  difficulties,  though 
not  quite  so  important  as  the  engineering  ones,  were  very  serious  indeed,  and 
have  not  yet  been  quite  overcome.  They  consisted  chiefly  in  the  difficulty  of 
making  carriages  and  platforms  strong  enough  for  the  new  and  powerful  rifled 
guns.  These  pieces  burnt  enormous  charges  of  powder,  and  hurled  bolts  as 
heavy  as  an  old  field-piece  at  1,000ft.  a-second.  The  recoil  of  such  guns  repre- 
sents a  violence  of  force  the  like  of  which  man  has  never  had  to  deal  with 
before.  Imagine  12, 18,  or  25  tons  of  compact  iron  started  in  an  instant  into 
rapid  motion  with  a  violence  that  mocks  the  blow  of  a  steam-hammer.  This 
force  has  to  be  controlled  and  restrained.  It  is  no  wonder  then  that,  when  met 
directly  and  stopped  by  friction,  as  is  now  done  in  the  ordinary  system,  the 
difficulties  are  enormous.  The  horizontal  strain  on  the  platforms,  pivots,  and 
racers,  is  so  great  that  it  has  not  yet  been  quite  successfully  met ;  constant  changes 
and  inventions  are  being  made  to  render  this  force  more  harmless. 

I  hope  I  have  now  conveyed  to  your  minds  some  idea  of  the  embarrassment 
and  difficulties  which  have  fallen  upon  both  the  artillery  and  engineers  by  the 
rapid  improvement  of  these  formidable  engines  of  war  ;  and  of  the  persistent 
able  struggle  which  both  have  maintained  to  meet  directly  the  terrible  forces 
with  which  they  have  to  contend.  They  have  both  succeeded  to  a  wonderful 
extent,  but  their  success  is  blighted  by  that  curse  of  the  science  they  practise  ; 
the  law  that  up  to  this  time  has  existed — viz.,  that  what  was  gained  in  protection 
was  lost  in  efficiency,  and  the  converse.  Happily  I  had  the  good  fortune  to 
conceive  and  develope  an  idea  which  abrogates  this  law.  The  very  force  the 
existence  of  which  has  been  so  great  a  difficulty  in  the  artillery  question  has  been 
compelled  to  perform  a  service  that  at  once  sweeps  out  of  existence  a  great  many 
of  those  other  difficulties  that  embarrassed  fortification.  When  two  evils  co- 
exist, it  is  sometimes  good  policy  to  make  them  destroy  each  other. 
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I  shall  now  refer  shortly  to  the  train  of  ideas  that  led  me  to  think  of  solving 
the  important  prohlem  in  quite  a  different  manner  from  that  in  which  it  had 
been  attempted,  which  had  led  to  the  adoption  of  a  most  expensive  class  of  woiks. 
My  solution  gives  a  system  capable  of  mounting  the  heaviest  artillery,  while 
it  simplifies  the  vexed  question  of  fortification.  It  gives  protection  without 
the  expense  of  using  iron,  and  free  lateral  range  to  the  guns  without  exposure. 
The  system  is  indeed  a  simple  one ;  it  does  not  require  either  brute  strength 
or  heavy  expenditure  for  its  application  ;  nor  does  it  need  mighty  forges  to 
weld  iron  walls  to  protect  our  guns  and  gunners  ;  it  only  calls  to  our  aid  the 
simplest  and  most  docile  forces  of  nature.  Instead  of  trying  to  meet  force  by 
force,  I  make  my  guns  bow  to  the  inevitable  conditions  which  science  has  im- 
posed :  and  instead  of  wasting  energy,  money,  and  skill  in  attempts  to  raise  a 
buttress  against  the  new  artillery,  I  employ  the  hitherto  destructive  force  of 
recoil  to  lower  the  gun  below  the  natural  surface  of  the  ground,  where  it  can  be 
loaded  and  worked  in  security  and  in  comfort  ;  and  at  the  same  time,  I  have 
made  that  destructive  force  so  much  my  servant  that  I  compel  it  at  my  pleasure 
to  raise  the  gun  again  into  the  fighting  position  whenever  it  is  required.  In 
1855,  while  watching  the  interesting  operations  before  Sevastopol,  and  endeavour- 
ing, as  well  I  could,  to  understand  the  conditions  under  which  the  siege-artillery 
was  used,  I  conceived  the  idea  which  is  now  realized.  It  was  then  that  I  saw 
the  value  of  earth  and  the  importance  of  simple  expedients.  It  was  plain  that 
the  weak  point  of  a  battery  was  the  embrasure,  which  formed  a  mark  to  five  at, 
ai.  opening  to  admit  the  enemy's  shot,  and  required  constant  repair  even  from 
the  effects  of  its  own  gun,  which  in  firing  injured  the  revetments  of  the  cheeks. 
I  also  came  to  the  conclusion  in  my  own  mind  that  a  remedy  for  some  of  these 
defects  could  be  devised.  Afterwards  I  worked  at  various  plans,  of  which 
sketches  were  made  or  models;  but  each  design  had  defects  which  discovered 
themselves  to  me  as  my  experience  increased.  The  real  difficulty  of  the  thing 
arose  from  the  necessity  of  providing  for  the  enormous  strain  of  the  recoil. 
These  early  designs,  which  were  sometimes  excellent  in  other  respects,  broke 
down  at  this  difficulty,  and  although  some  of  thein  no  doubt  would  answer 
with  small  guns,  they  were  not  calculated  to  meet  the  tremendous  recoil  of  large 
rifled  pieces. 

At  last  I  hit  on  a  simple  principle  that  would  meet  this  difficulty  to 
advantage — the  interposition  of  a  moving  fulcrum  between  the  gun  and  platform. 
Then  I  knew  that  the  problem  could  be  solved  ;  and  feeling  the  great  import- 
ance of  the  subject,  I  resolved  to  devote  my  efforts  to  working  it  out  completely. 
While  directing  my  attention  to  this  simple  and  then  apparently  obscure 
matter,  I  was,  as  you  may  imagine,  neither  an  idle  nor  disinterested  watcher 
of  the  progress  of  artillery.  Every  step  in  advance  was  riveting  the  certainty 
in  my  mind  that  the  system  would  one  day  be  required,  and  with  this  convic- 
tion I  refused  to  allow  either  discouragement  or  delay  to  make  me  desist.  I 
shall  now  endeavour  to  explain  shortly  the  system  which  bears  my  name,  as  far 
as  it  relates  to  coast  defence. 

It  consists  of  three  parts: — 1st.  The  mechanical  principle  of  the  gun  carnages. 
2nd.  The  form  internal  and  external  of  the  batteries.  3rd.  The  selection  of 
ground  for  placing  the  batteries,  and  the  arrangement  for  working  them  to  the 
greatest  effect  ;  or  in  other  words,  the  tactics  of  defence  for  positions  where 
the  system  is  employed.  The  principle  on  which  the  carrige  is  constructed  is 
the  first  and  most  important  part  of  the  new  system,  because  on  it  depends  the 
possibility  of  applying  the  other  parts.  This  principle  may  be  shortly  stated  as 
that  of  utilizing  the  force  of  the  recoil  in  order  to  lower  the  whole  gun  below 
the  hvd  of  the  crest  of  the  parapet  so  that  it  can  be  loaded  ont  of  sight  and 
out  of  exposure,  while  retaining  enough  of  the  force  above  referred  to  bring  tin: 
gun  up  again  into  the  filing  or  lighting  position.  This  principle  belongs  to  all 
the  carriages;  but  the  forms  of  these  carriages,  as  well  as  the  method  in  which 
this  principle  is  applied,  vary  in  each  case.  For  instance,  in  siege-guns,  where 
weight  is  an  clement  of  importance,  the  recoil  is  not  met  by  counterpoise.  With 
heavy  garrison  guns,  on  the  other  hand,  which  when  once  mounted  remain  per- 
manent in  their  positions,  there  is  no  objection  to  weight.  In  that  case,  there- 
fore, the  force  of  gravity  is  used  to  stop  the  recoil,  because  it  is  a  force  always 
the  same,  easily  managed,  mid  not  likely  to  go  wrong;  and  as  these  carriages 
are  employed  for  the  most  powerful  guns,  it  is  a  great  advantage  to  have  the 
most  simple  means  of  working  them. 

It  has  been  already  mentioned  that  the  principal  difficulty  arose  from  the 
enormous  and  hitherto  destructive  force  of  tin/  recoil   of  powerful    guns;  and 

here  [  ehall  point  out  the  manner  in  which  that  difficulty  is  overcome.     That 

part  of  the  carriage  which  i<    called  the   elevator  may  be    spoken  of  and   treated 

as  a  lever;  this  lever  has  the  gun-carriage  axle  al  the  end  of  the  power-arm,  and  the 

centre  of  gravity  of  the  counter-weight  at  the  end  of  the  weight-arm,  there  being 

between  them  a  moving  fulcrum.     When  toe  gun  ;,  in  the  filing  position  the 

fulcrum  on  which  this  fever  rest.,  i-  almost  com.  idenf  with  the  centre  of  gravity 

the  gun  is  Bred  the  i  lev  itors  roll  o  i  the  plat". 

l"n". :""1 ' jequently  the  fulcrum,  or  point  ol  Bupport,  travels  away  from  the 

end  of  the  weight-arm  towards  the  end  of  the  power-arm,  or  in  other  wi 
passes  from  the  counter-weigh)  towards  the  gun.    Notice  the  important  result 
ol  this  arrangement.    When  tho  gun  is  fired  it*  a  irdson  the 

upper  or  flat  part  of  a  cycloid.      [I  and  no  strain  i-  put  upon  any 

part  of  the  structure,  because  the  counter-weight  commences  iti  motion 
very  low  velocity.    As  the  recoil  goes  on,  however,  the  i 

tor  the  moving  fulcrum  travels  towards  :i."  gun,  making  the  weight-arm  I 
v  inch  it  travels.    Thus  the  resistance  to  the  recoil,  I 
on  in  an  increasing  progp  the  gun  di  ol  the 

■eized  by  a  self-acting  pawl  or  clutch,    Therei  ice  without 

ithout  any  sudden  strain,  ami  its  force  i  inderthe  control 

tachment  to  bring  up  the  gun  to  the  firing  position  at  any  moment 
i  however  violent  at  first, 

put  in  uno. i.  horizontal  strain  on   the  platform.      In  my  experimen 
Edinburgh  with  a  8a-poundar,  I  found  I  bt  was  the  vibration  on  the 

platform  caused  by  firing   that   the  common  rails  on  ivhich  the   elevators  rolled 


in  that  experiment,  and  which  were  only  secured  in  the  slightest  manner,  did 
not  move  from  their  position,  nor  even  when  heavy  charges  or  double  shot  were 
used,  did  sand  and  dust  fall  off  their  curved  tops. 

At  a  still  earlier  experiment  made  with  a  model  of  a  95-cwt.gun,  the  model 
was  fired  on  the  ice  with  excessive  charges,  and  nevertheless  remained  station- 
ary. Ibis  valuable  concomitant  of  the  system  cannot  be  appreciated  fully 
without  referring  to  the  difficulties  that  have  been  experienced,  and  are  now  felt, 
in  getting  pivots,  platforms,  &c,  on  the  ordinary  system  strong  enough  to  mount 
the  new  artillery,  where  the  recoil  is  stopped  by  friction  applied  directly  by  means 
of  what  are  technically  called  compressors  attached  to  the  platform. 

I  shall  not  detain  you  by  detailing  these  difficulties,  but  will  only  state  that 
the  first  two  12-ton  guns  on  ordinary  carriages  that  were  fired  in  casemates  (which 
happened  a  few  months  ago)  at  Gilkicker  Fort  were  both  7iors  de  combat  the 
first  shot.  This  alarming  event  showed  that  with  all  the  experience  of  ancient 
and  modern  artillery  (and  the  carriages  referred  to  were  the  legitimate  expon- 
ents of  the  results  of  that  experience),  there  was  still  room  to  doubt  whether 
the  problem  of  meeting  recoil  had  been  at  that  time  completely  solved  by  the 
existing  system.  The  accident  referred  to  was  serious,  because  it  might  occur 
in  action,  and  in  that  event  would  disable  the  gun,  pro  tempore,  as  completely 
as  if  it  had  been  dismounted  by  a  shot.  Some  credit  may  be  claimed  for  the 
new  system,  on  the  ground  that  it  provided  a  carriage  for  a  heavy  piece  of 
artillery  on  an  entirely  new  principle,  in  which  not  a  single  part  was  copied  from 
anything  that  had  been  formerly  used,  dealing  with  new  conditions  and  perform- 
ing new  functions  that  no  other  carriage  had  done,  and  yet  this  new  carriage 
(the  first  complete  one  of  its  kind)  has  now  fired  two  hundred  rounds.  This 
practice  has  been  carried  out  with  only  a  few  accidents  which  pointed  to  defects 
in  the  gearing,  which  were  easily  remedied.  By  treating  this  violent  force  in 
the  manner  above  described,  a  good  deal  of  the  strength  that  is  required  in 
other  systems  becomes  unnecessary,  and  at  the  same  time  the  recoil,  however 
violent,  can  not  only  be  met,  but  utilized.  Together  with  the  carriages  there 
are  some  improvements  of  minor  importance,  such  as  trunnion  pointers,  reflecting 
sights,  graduated  races,  and  so  on,  which  it  would  be  out  of  place  to  discuss  at 
present,  but  which  contribute  to  the  efficiency  and  completeness  of  the  system, 
and  are  more  or  less  required  for  earring  it  out  as  a  consistent  whole  for  coast 
|  defence. 

The  second  part  of  the  system,  viz.,  the  profile  of  the  batteries,  is   of  the 
;  highest  importance,  because   unless  it  is  attended  to  great  advantages  are  lost. 
j  This,   unfortunately,    makes   the  system    extremely   difficult  of  adaptation   to 
i  existing  works.      In  order  to  get  the  full  advantage  of  it  no  exterior  slope  of 
i  parapet  should  be  exposed  to  the  view  of  the  enemy.     This,  prevents  him  from 
i  being  able  to  tell  whether  the  fire  be  correct  or  wasted,  and  affords  no  means  to 
[  him  of  correcting  error.     The  battery  in  fact  is  masked  ;  so  that  at  some  distance, 
or  in  dull  weather,  a  moving  ship  would  have  considerable  difficultly  inlaying 
her  guns  on  one  battery,  and  still  more  difficulty  if  there  were  several  batteries 
judiciously  placed  for  the  purpose  of  deceiving  the  eye.     It  can  easily  be  under- 
stood that  the  slightest  error  in  elevation  would  either  carry  the  shot  harmlessly 
over  the  battery  or  else  cause  it  to  ricochet  off  the  glacis  or  superior  slope.     In 
fact  when  the  gun  is  down  the  enemy  has  nothing  to  aim  at  but  an   undefined 
horizontal  line.      In  connection  with  this  I  should  mention  a  very  interesting 
fact,  brought  out   by  Genenal    Simmons  at  the  last   discussion  of  the  Royal 
Engineers  on  a  paper  of  mine.      He  stated  that  on  analyzing  the  range  reports 
of  the  Armstrong  and  Whitworth  competitive  trials,  which  were  very  carefully 
conducted,  he  found  that  the  mean  horizontal   and  vertical  errors  were   very 
different.      The  horizontal  error  increased  almost  directly  as  the  range,  that  is 
to  say,  at  400  yards  it  was  four  times  as  great  as   at  100  yards,  but  that  the 
vertical  error  went  on  in  a  rapidly  increasing  progression,  showing  that  it  would 
be  much  more  difficult  to  hit  a   low  object  than  a  high  one  of  the  same  area. 
This  law  has  an  important  bearing  on  the  subject,  and  should  not  be  lost  sight 
of  in  designing  defensive  works  of  any  kind.     It  will  be  observed  that  the  interior 
slope  of  the  parapet  gives  the  most  complete  protection  to  the  men,  especially 
when  the  dome-form  is  adopted. 

Up  to  the  present  time  the  new  system  has  only  been  considered  as  an 
improvement,  and  its  value  has  only  been  estimated  as  an  adaptation  to  existing 
forts, and  there  are  no  proposals  for  applying  it  per  sc.  I  am  extremely  anxious 
to  impress  on  you  and  on  my  countrymen  that  its  full  value  cannot  be  seen  in 
this  manner,  and  that  it  suffers  injustice  by  being  thus  treated.  I  tiust  its 
proper  use  will  be  fully  discovered  before  the  inevitable  lesson  is  dictated  by  Was, 
and  that  it  may  he  applied  in  works  expressly  designed  for  it,  and  not  merely 
adapted  to  its  D  I 

The  third  pari  of  this  system  consists  in  its  application  to  given  positions,  the 
disposition   of  the  batteries,   and   methods   of  w  irking  them    in  concert    witl 

in  support  ol  each  other.      If  I  might  be  excused   for  using  the  paradox,  the 
)i  for  coasl  defenci  consists  in  the  absence  of  any  defined  system;  thai  is 

to  say,   instead  of  making  large  regular  torts,  and  forcing  surrounding  rirciim- 

stancee  into  harmony  with  them,  ever]  accident  of  the  ground  in  this  case  would 
be  seized,  where  a  vaila  Id  e,  ami  small  batteries,  consisting  of  s  few  guns,  or  even 

D,   laid  down  so    as  not  to    take   away  the    natural  OSpOCl  ol    tie 

ion,     These  batteries  would  be  well  retired  from   the  channel,  and  placed 

ol    attack,   anil    should,  w  hen   <  n  ■  D 

permit,  afford  flank  defence  to  each  other,  in  conjunction  with  o  any 

;  i  lent  I  v  employed,  and  with  strongholds  for  infantry 

and  light  artillery,  commandin  ible,  the  sea-b  is  to  make  them 

untenable  b  to  bo  in  the  best  position  tor  a  reserve, 

ready   to  SU]  '      '       'lie     whole   conni  ■  tl  d     W  ith    |  Ood    and 

le  n\er  or  ohanm 
ace, the  gun  lasted,  would  i 

h  her.  itruotions  were  placed.    Thesi 

a  manner  as  to  retain   as  much  as  possible  for  thedefenco  the  advan 
lateral  range,  converging  Are  and  different  oomniand 

I  words,  the  method  consists  in  placing  in  position  tie  vertul 
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artillery  to  the  greatest  advantage,  mating  that  the  first  consideration,  and 
afterwards  protecting  the  batteries,  by  separate  and  distinct  arrangements  easily 
devised  by  officers  on  the  spot,  against  assault  by  any  force  that  ships  might 
land  for  that  purpose.  When  an  object  is  to  be  attained,  I  prefer  to  grapple 
with  the  most  difficult  and  important  part  of  it  first, — do  that  well, — and 
meet  the  other  requirements  afterwards,  with  as  little  loss  of  efficiency  as 
possible. 

Sketch   shewing    in  section  specimens  of  jive  methods  of  mounting  heavy 
Coast  Artillery. 
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The  first  object  of  coast  defence  is  to  meet  and  defeat  the  attack  of  powerful 
ships ;  the  next  is  to  protect  the  shore-batteries  against  landing  parties.  It 
must  not,  however,  be  forgotten  that  there  are  positions  of  such  importance  that 
they  might  be  attacked  by  an  army  on  land.  Such  positions  must  either  be 
defended  by  another  army  placed  in  a  favourable  position  by  such  arrangements 
as  those  above  referred  to,  or  else  by  regular  and  complete  earthworks  thrown 
up  in  time  of  danger,  which  would  enable  a  still  smaller  garrison  to  resist  any- 
thing but  regular  approaches.  There  are,  however,  few  coast  positions  of  such 
importance  as  to  draw  the  attack  of  a  whole  army ;  and  such  positions,  as  a  rule 


are  now  provided  with  regular  works  of  a  very  order;  whereas  there  are  many 
positions  exposed  to  a  naval  attack,  such  as  our  large  mercantile  ports,  &c. 
They  are  almost  invariably  centres  of  population,  who  require  only  fieldworks 
and  good  small  arms  (which  are  now  more  powerful  than  ever)  to  repel  the  most 
determined  attacks  of  an}-  numbers  that  war-ships  could  land.  I  believe  many 
of  the  present  coast- works  are  defensible  only  against  a  coup  dc  main.  Wherever 
land  attack  is  of  more  importance  than  naval,  the  character  and  efficiency  of  sea- 
batteries  must  give  precedence  to  those  considerations  which  provide  against 
assault.  On  the  best  provisions  for  meeting  this  I  do  not  pretend  to  give  an  opinion. 
In  such  cases,  the  possibility  of  attack  by  both  direct  and  vertical  fire  must  be  kept 
in  view.  Where  my  system  is  employed  for  arming  such  works,  one  or  two  precau- 
tions would  increase  the  power  of  resistance.  1st.  The  large  guns  for  operating 
against  ships,  with  traverses  axi&parados  to  each,  should  be  kept  as  far  as  apart  as 
space  will  admit.  2nd.  Ample  and  thoroughly  complete  bomb-proof  cover  for  the 
whole  garrison  should,  if  possible,  be  supplied  in  the  middleof  the  work,  with  ar- 
rangements for  interior  defence  (not  barracks  but  places  for  emergency)  thoroughly 
secure  from  vertical  fire — good  aud  healthy  barracks  for  the  men  being  made  inde- 
pendent of  the  works,  and  by  preference  kept  out  of  the  way.  3rd.  Howitzers  and 
light  artillery  ought  to  be  kept  in  reserve,  in  bomb-proofs  constructed  for  the  pur- 
pose, and  (with  the  new  system  this  can  easily  be  done)  also  with  the  means  of 
changing  these  to  any  required  face. 

The  dispositions  of  defensive  batteries  such  as  those  I  have  very  imperfectly 
attempted  to  describe  would  not  be  complete  without  good  arrangements  for 
internal  communications,  not  only  by  roads,  but  by  telegraph,  with  a  clearly 
laid  down  and  simple  method  of  working  them  ;  that  is,  not  liable  easily  to  go 
wrong,  nor  to  lead  to  mistakes,  and  which  would  not  require  very  high  skill. 
Such  arrangements  would  increase  the  power  of  the  defence,  and  indeed  would 
be  necessary  with  the  detached  system.  I  have  accordingly  given  them  some 
attention,  and  designed  a  general  plan  of  laying  off  the  ranges  and  working 
the  telegraphs,  which  will  make  it  possible  to  supply  simultaneous  information. 
The  system  I  refer  to  (which  has  been  submitted  to  the  Director-GeDeral  of 
Ordnance)  would  apply  to  any  position,  but  its  particular  application  would  vary 
in  each  case.  It  is  extreme!}'  simple.  One  part  of  it  depends  on  electrical 
instruments  which  I  have  invented  for  the  purpose,  and  which,  without  either 
calculations  or  experience,  give  the  range  and  positions  of  an  indicated  ship  at 
every  gun  in  the  position. 

Another  part  of  it  enables  the  officer  directing  the  defence  to  deliver  in  one 
instant,  by  the  touch  of  his  finger  a  converging  volley  from  one  or  both  sides  of 
a  channel  on  a  vessel  sailing  past.  The  possibility  of  delivering  correct  fire  in 
this  manner  on  a  moving  object,  without  aiming,  and  by  an  officer  not  even  in 
the  battery,  was  illustrated  in  one  of  my  experiments  with  the  7-ton  gun-carriage 
at  Shoeburyness;  and  I  trust  I  may  be  given  some  day  a  chance  of  showing 
to  what  perfection  this  system  can  be  carried.  Methods  of  determining  the 
distance  of  vessels  from  batteries  are  practised  here  and  in  some  continental 
countries.  My  method  is  designed  to  be  quicker,  simpler,  and  therefore  more 
effective.  It  is  adapted  to  work  in  conjunction  with  the  arrangements  for  sub- 
marine mines.  That  part  of  it  which  gives  the  required  information  for  sighting 
the  guns  is  of  so  simple  a  character,  that  the  most  uneducated  gunner  cannot 
make  a  mistake  in  its  application.  There  are  many  other  features  of  the  system 
besides  those  I  have  particularly  referred  to  which  I  shall  not  now  discuss  : 
each  requires  different  treatment.  Among  these  there  are  methods  of  mounting 
guns  in  ships,  in  floating-batteries,  Moncriaff-carriages  for  heavy  guns  of  posi- 
tion, adapted  for  locomotion,  for  coast-defence,  siege-carriages,  &c. 

I  may  remark  in  passing  that  some  of  these  applications  are  considered  by 
officers  of  eminence  to  be  quite  as  important  as  the  class  of  Moncrieff-carriages 
best  known.  For  instance,  I  take  the  liberty  of  quoting  from  a  letter  I  received 
from  Colonel  Brialmont,  the  great  Belgian  engineer  and  military  writer,  in 
November,  1868.  He  says : — "  I  am  at  present  engaged  in  publishing  a  great 
work  on  fortifications.  I  shall  naturally  speak  of  your  invention  in  it,  aDd  if 
agreeable  to  you  I  shall  likewise  mention  your  proposal  with  regard  to  barbette 
system  in  batteries  of  attack.  I  believe  this  idea  is  destined  to  have  a  great 
future.  This  last  invention  will  perhaps  bring  you  less  renown  than  the  one 
you  have  experimented  on  at  Shoeburyness,  but  it  will  have  a  more  general  and 
easier  application." 

I  am  most  anxious  to  impress  the  national  importance  of  this  question  of 
coast  defence  in  relation  to  the  system  of  earthworks  which  are  now  possible. 
The  day  has  gone  by  when  the  general  principles  of  any  science  need  be  consi- 
dered a  mystery,  and  I  submit  that  any  man  of  intelligence,  without  knowing 
all  those  details  which  are  the  particular  business  of  officers  trained  to  apply 
them,  may  nevertheless  form  valuable  opinions  on  the  general  principles  of  coast 
defence,  and  may,  with  care  and  observation,  be  able  to  arrive  at  sound  con- 
clusions regarding  them.  The  security  of  a  country  like  this  does  not  depend 
so  mach  on  fortresses  as  on  the  efforts  that  can  be  made  by  a  contented,  brave, 
and  patriotic  people.  If  it  is  known  by  those  who  would  invade  us  that  we  have 
not  only  brave  hearts,  skilled  hands,  and  powerful  guns,  but  a  system  of  apply- 
ing our  resources  that  is  capable  of  making  any  coast  position  formidable  to 
war-ships,  that  knowledge  will  have  its  effect.  In  war-time  a  good  general 
disposes  of  his  forces  in  that  manner  which  will  be  most  embarrassing  and 
most  formidable  to  the  enemy.  In  time  of  peace  we  might  arrange  and  prepare 
our  coast  defences  on  similar  principles.  The  improved  artillery  applied  in 
earthworks  made  thoroughly  efficient  on  the  new  system,  together  with  the 
facilities  which  the  existing  network  of  railways  slightly  extended  would  supply, 
should  be  made  to  go  some  way  in  meeting  the  corresponding  advantages,  that 
have  been  conferred  on  the  power  of  attack  by  steam  navies  and  iron-clad  war- 
ships. If  my  labours  have  in  any  degree  the  effect  of  diverting  the  great 
resources  of  this  country  from  a  more  expensive  to  a  cheaper  and  more  efficient 
system  of  coast  defence  both  in  the  colonies  aud  at  home,  and  if  thereby  the 
security  from  outrage  and  disaster  is  increased,  the  consciousness  of  having  helped 
to  do  so  will  itself  be  to  me  a  reward  for  the  delays,  anxieties,  and  trouble  that 
it  has  cost  me  to  bring  this  matter  forward. 


AvGZiT  1,  1869.] 
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ON  CHEMICAL  CONSTITUTION,  AND  ITS  RELATION  TO  PHYSICAL 
AND  PHYSIOLOGICAL  PROPERTIES. 

By  Dr.  A.  Causr  Brow*,  P.R.S.E. 

Chemists  have  long  endeavoured  to  answer  the  question,  what  is  the  relation 
in  which  the  constituents  stand  to  one  another  in  a  compound  ?  and  numerous 
hypotheses  more  or  less  ingenious  have  been  devised  for  this  purpose.  Two  of 
these  modes  of  representing  chemical  phenomena  occupy  so  prominent  a  place 
in  the  history  of  the  science  as  to  merit  special  notice,  even  in  so  slight  and 
hurried  a  sketch  as  this  must  be.  These  are,  first,  the  electro-chemical  and 
radical  theory ;  and  second,  the  theory  of  atomicity  and  chemical  structure. 

The  first  was  the  product  of  the  genius,  learning,  and  laborious  research  of 
Berzelius ;  it  was  soon  adopted  by  all  chemists,  and  formed  for  many  years  the 
foundation  of  all  chemical  teaching  and  the  guide  in  all  chemical  work.  The 
point  of  view  from  which  it  regards  chemical  phenomena  is  that  of  combination 
and  decomposition,  of  the  union  of  elements  to  form  compounds  and  the  separa- 
tion of  compounds  into  elements.  A  very  important  form  of  chemical  decompo- 
sition is  electrotysis,  or  the  breaking  up  of  a  compound  by  means  of  current 
electricity.  From  the  nature  of  the  case  electrolysis  gives  rise  to  a  dichotomous 
decomposition,  and  this  duality  was  extended  to  all  cases  of  combination  and 
decomposition.  Elements  combine  with  each  other  in  pairs ;  these  pairs  may 
again  combine  in  pairs,  forming  compounds  of  the  second  order,  and  so  on.  Thus 
calcium  combines  with  oxygen  to  form  lime,  sulphur  combines  with  oxygen  to 
form  sulphuric  acid,  and  sulphuric  acid  combines  with  lime  to  form  sulphate  of 
lime.  This  union  of  compounds  with  compounds  was  not  supposed  to  depend  on 
a  union  of  the  constituents  of  the  one  with  the  constituents  of  the  other,  but  to 
be  a  combination  of  the  one  as  a  whole  with  the  other  as  a  whole  ;  not  a  com- 
bination of  the  calcium  of  the  lime  with  the  sulphur  or  with  the  oxygen  of  the 
sulphuric  acid,  or  of  t  lie  sulphur  of  the  sulphuric  acid  with  the  oxygen  of  the 
lime,  but  of  the  lime  ;is  such  with  the  sulphuric  acid  as  such. 

This  view  may  be  illustrated  by  a  reference  to  the  relations  of  human  life. 
Individuals  unite  to  form  partnerships  or  corporations,  and  these  may  again 
enter  into  alliance-,  although  the  members  of  the  one  allied  corporation 
may  be  altogether  unacquainted  and  unconnected  with  the  members  of  the 
other. 

But  the  progress  of  discovery  brought  to  light  facts  which  seemed  to  contra- 
dict this  view  of  binary  combination.  Cases  were  observed  in  which  a  compound 
of  two  elements  united  directly  with  an  element,  and  to  meet  this  new  class  of 
facts  the  theory  was  modified  by  the  introduction  of  the  notion  of  radicals.  A 
radical  was  a  compound  which  acts  like  an  element. 

The  simile  introduced  above  may  be  used  to  illustrate  this  extension  of  the 
theory.  Some  combinations  of  men  (corporations)  can  be  treated  as  individuals, 
can  enter  into  legal  relations  with  individuals,  while  other  cannot ;  so  some  com- 
pounds can  unite  with  elements,  while  others  have  not  this  capability. 

The  theory  of  atomicity  regards  chemical  phenomena  from  an  altogether  dif- 
ferent point  of  view.  In  it  the  various  substances  are  considered  as  modifications 
of  one  another  rather  than  as  compounds.  The  rise  of  this  mode  of  viewing 
chemical  phenomena  may  be  traced  from  the  early  papers  by  Dumas,  and  by 
Laurent,  on  substitution.  It  appears  more  prominently  in  the  position  given  to 
double  decomposition  as  the  representative  of  all  chemical  action,  by  Laurent 
and  Gerhardt,  in  the  types  of  Gerhardt  and  Williamson,  in  Eranklaud's  theory 
of  the  organo-metallic  bodies,  and  in  its  extension  by  Kolbe  to  the  compounds  of 
carbon.  It  was  reserved,  however,  for  Kekulo  to  combine  these  ideas  into  a 
consistent  theory.*  The  theory  lias  been  further  elaborated  by  Butlerow,  to 
whom  we  owe  the  name  "  Chemical  Structure,"  by  Erlenmeyer,  and  by  many 
others,  and  it  has  been  adopted  and  applied  with  slight  modifications  by  almost 
all  chemists  engaged  in  organic  research. 

According  to  this  theory  the  typical  form  of  chemical  action  is  what  we  may 
call  the  chemical  exchange.  To  illustrate  this  idea  we  may  consider  the  simplest 
case;  that  of  double  decomposition  where  two  molecules  act  on  one  another  to 
produce  two  new  molecules. 

Chloride  of  sodium,  tor  instance,  acts  on  nitrate  of  silver,  producing  chloride 
of  Bilver  and  nitrate  of  sodium.  Comparing  chloride  of  sodium  and  chloride  of 
silver,  we  at  once  see  that  while  there  are  important  respects  in  which  the  sodium 
and  the  silver  differ  as  to  the  nature  of  their  unions  with  chlorine  (thus  the 
amount  of  work  required  to  separate  the  metal  from  the  chlorine  is  very  different 
in  the  two  cases)  still,  from  one  point  of  view  (and  that  is  the  point  of  view 
taken  by  the  atomicity  theory),  the  silver  may  be  said  to  replace  or  to  he  sub- 
stituted for  the  sodium.  In  the  same  way  a  cup  filled  with  mercury  is  very 
different  from  the  same  cup  filled  with  water;  and  the  relation  of  the  mercury 
to  the  cup  differs  in  many  respects  (such  as  pressure  and  adhesion)  from  tin 
relation  of  the  water  to  the  onp  ;  but  they  agree  in  this,  that  the  cup  is  filled  in 
both  case.     In  the  lame  way  the  I  Moiine  is  said  to  be  saturated  by   the  sodium 

or  the  silver,  although  the  intimacy  or  firmness  of  the  combination  is  not  the 

same  in  the  two  c 

We  may  also  consider  Ibis  double  decomposition  from  the  other  side.     As 
the  silver  and  sodium  have  changed  i'li''-,  -o  the  chlorine  has  changed  pi 
with  the  rest,  of  the  nitrate  of  silver— with  what  in  tin-  nitrate  oi  silver  is 

not  silver;  or  representing    tin-  action    in   symbols   l.\a(.l    ,    A.-.M ).,  =  AgCl  + 
NaNO.i)  CI  ami  No ;  have  changed  places. 

In  this  example   we  have   One  atom   or  group   replacing  one   other  atom    or 

ip  ;  but  all  cases  of  doable  decomposition  are  no)  oi  so  simple  a  kind. 
Thus,  when  water  is  treated  with  pentachloridc  of  Dnosphoins  WS  find  thai 
■  me  atom   of  oxygen  (from  the  water)   replaces,  and   n  replaced  by,   two  atoms 

of  chlorine  from  the  pen  tachloride;  tb  ::.'>      rn.o  ',  2HC1.    So 


•  It  is  right  to  observe  that  although.  with  the  most 

eminent  success,  both  in  the  ezpUnstia 
new  chemical  relations,  be  does  not  welndi 
!>rm  compounds  ol 


that  while  the  two  atoms  of  hydrogen  were  formerly  united  to  one  atom  of 
oxygen  and  formed  with  it  one  molecule,  they  are,  after  the  chauge,  each  united 
to  a  separate  atom  of  chlorine  and  form  with  them  two  molecules. 

Oxygen,  therefore,  in  this  case  (and,  as  far  as  we  know,  in  all  cases)  enters 
into  two  relations,  while  hydrogen,  chlorine,  silver,  and  sodium  only  enter  into 
one.  In  a  similar  way  it  has  been  shown  that  the  different  elements  have  dif- 
ferent "  atomicities  "  or  enter  into  different  numbers  of  relations.  It  is  to  this 
"polyatomicity,''  or  multiple-relatedness,  that  the  complexity  of  compounds 
is  due ;  for  it  is  obvious  that  by  the  union  together  of  several  multiple-related 
atoms  a  very  complicated  structure  may  be  produced. 

In  the  case  of  a  compound  containing  only  two  atoms,  such  as  chloride  of 
sodium,  there  is  clearly  only  one  way  in  which  it  can  break  into  residues ;  but 
a  complex  substance  containing  many  atoms  may,  and  generally  does,  break 
in  different  ways  when  acted  on  by  different  substances  ;  and  it  is  by  the  study 
of  the  ways  in  which  by  means  of  double  decomposition  it  can  be  produced, 
that  we  arrive  at  a  knowledge  of  its  structure,  that  is,  of  the  mutual  relation 
of  its  atoms. 

But  the  multiple-relatedness  of  some  atoms  produces  a  further  complication, 
producing  a  kind  of  chemical  action,  which,  while  still  a  chemical  exchange, 
cannot  be  called  double  decomposition.  In  double  decompostion  we  saw  that 
each  molecule  breaks  into  residues  which  change  places  with  the  residues  of 
the  other  molecule,  and  that  this  breaking  into  residues  results  from  the  rupture 
of  one  or  more  relations  between  pairs  of  atoms.  But  where  we  have  multiple- 
related  atoms,  it  may  happen  that  such  a  rupture  takes  place  without  a  separa- 
tion of  the  residues,  these  being  retained  in  combination  by  some  other 
relation  of  their  multiple-related  atoms.  To  illustrate  this  we  may  compare 
the  action  of  anhydrous  potash,  K20,  and  of  anhydrous  lime,  CaO,  on 
water. 

Using  graphic  formula,  we  have  in  these  two  cases  : — 


<§+®\@-®  = 


©r©-©  = 


Here  the  dotted  lines  indicate  the  relations  ruptured ;  and  it  will  be  seen 
that,  while  in  the  first  case  the  rupture  produces  a  separation  into  two 
residues,  in  the  second  case  it  does  not ;  what  would  otherwise  be  residues 
remaining  united,  on  account  of  the  double-relatedness  of  the  calcium 
atom. 

Prom  this  examination  of  chemical  exchange,  it  will  be  obvious  that  no 
operation  of  this  kind  can  produce  a  change  in  the  "  atomicity  "  of  an  atom  : 
for,  for  every  relation  ruptured,  a  new  one  is  entered  into.  But  we  have  no 
reason  to  suppose  that  all  chemical  action  is  of  this  kind  ;  and  there  are 
numerous  phenomena  which  it  is  very  difficult  to  explain,  except  by  the 
assumption  that  there  is  another  kind  of  chemical  action,  in  which  the  number 
of  relations  of  an  atom  is  increased  or  diminished.  Such  actions  are  those  by 
which  we  pass  from  one  series  of  compounds  to  another.  Thus  the  ferrous 
salts  are  connected  together  by  processes  of  exchange  ;  but  it  is  only  by  making 
new  hypotheses  that  we  can  thus  explain  the  passage  from  the  ferrous  to  the 
ferric  salts.  Similar  relations  exist  between  the  manganous  salts,  the  manganic 
salts,  the  maganates,  and  the  permanganates,  where  a  consideration  of  each 
group,  apart  from  the  others,  would  lead  us  to  a  different  atomicity  for  man- 
ganese ;  and  many  other  examples  might  be  given  of  the  same  kind.  The  speaker 
considered  it,  in  the  mean  time,  to  be  better  to  regard  each  such  series 
separately,  rather  than,  by  an  attempt  to  bring  all  chemical  processes  under 
one  class,  to  endanger  the  stability  of  the  theory  of  chemical  structure  which, 
while  it  is  probably  not  destined,  in  its  present  form,  to  remain  as  a  permanent 
part  of  the  great  edifice  of  the  science,  is  certainly  a  most  convenient  scaffold- 
ing, not  easy  to  replace,  and  not  hastily  to  bo  thrown  down. 

Having  thus  seen  what  is  meant  by  chemical  structure,  and  how  we  arrive 
at  a  knowledge  of  it  by  a  study  of  the  history  ot  the  substance,  of  the  ways  in 
which  it  may  be  formed  and  in  which  it  may  he  decomposed  :  we  may  now 
glance  at  the  relations  which  exist  between  the  chemical  structure  of  a  sub- 
stance and  its  physical  and  physiological  properties.  We  shall  consider  specially 
two  of  the  physical  characters  of  matter,  volatility  and  colour,  and  examine  in 

what    way  these  arc  modified  by  the  performance  upon   the  substance  of  certain 

■pacified  ohemical  operations,    Tho  volatility  of  a  substance  depends  upon  two 

things: — 1st,  the  temperature  at  which  the  substance  boils  under  a  particular 

pressnre;and,  2nd,  the  change  of  boiling-point  produced  by  a  change  "i  pressure. 

In  order,  th  Uj  to  know  the  volatility  of  a  .substance,  its  boiling-point 

must  be  determined  through  a  very  great  range  of  pressure.  This  involves 
greal  labour;  and  only  a  few  -'distances  have  been  thus  fully  examined.  Almost 
all    we   know    on   this   interesting  question    is  due  to  the  ingsnioni   and  patient 

experiment-  ol  Regnault.    These  donot,ai  yet,  furnish  ns  with  sufficient  date 
■  Mo  nstodednoe  anything  like  a  law.    They  show  us.  however,  that  i 
mereoompai  ailing-points  under  an  arbitrarily>se1ected  pressors  .such 

as   760millil  ".  li  happens  to  be  the  mean   pre--  ire  ot   the  ttmOSpl 

cannot  bad 'i'   to  a  law,  as  the  boiling*points  of  tVO  iSntlj 

[changed  very  nn<      i  change  ol  pressure. 
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Such  comparisons  of  boiling-points  have  been  made,  and  from  them  have 
been  deduced,  especially  by  Kopp,  a  series  of  verj'  interesting,  and  certainly  not 
fortuitous  coincidences.  That  distinguished  chemist  and  physicist  has  shown 
that,  in  a  very  large  number  of  instances,  the  same  change  of  chemical  struc- 
ture produces  nearly  the  same  change  of  boiling-point.  These  "  laws  "  of 
Kopp  are  only  approximate,  and  are  not  even  approximate  in  the  cases  were  the 
boiling-points  of  the  substance  compared  are  very  differently  changed  by  change 
of  pressure. 

Turning  to  the  other  physical  character  which  has  been  mentioned,  namely 
colour,  we  see  at  once  a  marked  regularity.  As  a  rule,  substances  belonging 
to  the  same  series  differ  from  one  another  in  degree  rather  than  in  kind  of 
colour ;  while  in  passing  from  one  series  to  another,  we  observe  that  the  colour 
undergoes  a  total  change  of  character.  This  is  well  illustrated  by  comparing 
the  colours  of  substances  belonging  to  such  series  as  the  ferrous  salts,  the  ferric 
salts,  the  ferrates ;  the  rranganous  salts,  the  manganic  salts,  the  manganates 
and  the  permanganates ;  the  cuprous  and  cupric  salts,  the  chromous  and 
chromic  salts,  the  chromates  and  perchromic  acid.  Possibly  such  changes  of 
colour  as  we  see  in  the  transformation  of  rosaniline  and  its  derivatives  into 
leukaniline  and  analogous  bodies,  and  of  blue  into  white  indigo,  may  be  cases 
of  the  same  kind.  It  is  also  interesting  to  note,  that  while  the  nitro-substitu- 
tion  products  of  the  aromatic  series  are  generally  yellow,  all  the  known  sub- 
stances of  the  same  kind  in  the  fatty  series  are  colourless. 

These  considerations  of  colour  would  naturally  incline  us  to  regard  the  opera- 
tions which  lead  from  one  series  to  another  as  different  in  kind  from  those 
which  lead  from  one  member  to  another  of  the  series ;  and  when  we  examine 
the  physiological  action  of  bodies  of  the  same,  and  of  different  series,  this  im- 
pression is  greatly  strengthened. 

The  speaker  described  in  some  detail  a  few  of  the  observations  made  within 
the  last  two  years  by  Dr.  T.  R.  Praser  and  himself,  pointing  out  the  similarity 
of  the  action  of  substances  belonging  to  the  same  series,  and  the  remarkable 
change  of  physiological  action  produced  by  those  chemical  changes  which  lead 
from  one  series  to  another,  The  illustrations  were  drawn  from  the  natural 
alkaloids — a  group  of  substances  containing  trebly-related  nitrogen,  and  those 
derivatives  of  the  alkaloids  which  contain  fivefold-related  nitrogen.  It  was 
shown  that  the  salts  of  the  alkaloids,  although  containing  fivefold-related 
nitrogen,  were  not  adapted  for  this  comparison,  on  account  of  the  readiness 
with  whieh  they  lose  acid  in  the  presence  of  alkaline  substances,  their  nitrogen 
thus  returning  to  the  trebly-related  condition.  The  bodies  formed  by  the  addi- 
tion of  a  compound  of  methyl  have  not  this  disadvantage";  and  as  the  nitrogen 
in  them  is  permanently  fivefold-related,  their  physiologic/al  action  may  be  satis- 
factorily compared  with  that  of  the  alkaloids  themselves. 

The  experiments  leading  to  a  knowledge  of  the  action  of  strychnia  and  of 
the  salts  of  methyl-strychnium  were  described ;  and  it  was  shown  that  while  the 
former  aets  by  exciting  the  origins  of  the  motor  nerves  in  the  spinal  cord,  the 
latter  act  by  diminishing  the  action  and  ultimately  paralyzing  the  terminations 
of  the  same  nerves  in  the  muscles.  Similar  relations  exist  between  brucia  and 
methyl-brucium,  thebaia  and  the  salts  of  methyl-thebaium,  morphia  and  the 
salts  of  methyl-morphium,  &c.  Indeed,  it  may  be  stated  generally  that,  as  far 
as  observation  goes,  compounds  of  trebly-related  nitrogen  exert  an  action  totally 
different  in  kind  from  similar  compounds  of  fivefold-related  nitrogen,  that  a 
similar  difference  exists  between  the  triatomic  and  pentatomic  compounds  of 
other  members  of  the  nitrogen  family,  and  that  this  principle  appears  to  be  of 
still  wider,  and  probably  general,  application. 

The  speaker,  in  conclusion,  drew  attention  to  the  peculiar  interest  attaching 
to  those  regions  of  science  which  lie  on  the  frontiers  between  two  distinct  de- 
partments, as  on  their  successful  exploration  would  depend  the  ultimate  fusion 
of  all  physical  sciences  into  one,  the  science  of  dynamics,  the  science  which  treats 
©f  matter  and  energy,  and  their  relations  to  one  one  another.  Such  a  fusion  is 
probably  very  remote  ;  but  we  now  see  in  the  border-land  between  chemistry 
and  physics  that  slow  process  of  absorption  going  on  which  has  already  con- 
verted the  once  independent  sciences  of  sound,  light,  heat,  electricity,  and  mag- 
netism into  more  or  less  completely  subjugated  provinces  of  the  great  empire  of 
applied  mathematics.  If  we  believe  in  the  unity  of  the  plan  of  creation  we 
must  believe  that  this  process  will  advance  and  ultimately  triumph. 


REVIEWS  AND  NOTICES  OP  NEW  BOOKS. 

Edward   Somerset,   the   6th  JEarl   and   2nd  Marquis  of   Worcester.     A 

Medallion;    life-size.     By    James    Loir,   Sculptor'.     Exhibited   at  the 

Royal  Academy,  1867;  and  now  in  the  Sculpture  Gallery  of  the  Crystal 

Palace,  Sj|  dendam.      Published  by  feignor  Dornenico  Brucciani,  at  his 

Galleria  del  Belle  Arti,  Russell-street,  Covent-garden. 

This  is,  so  to  speak,  a  replica  of  the  bust  exhibited  at  the  Royal  Academy 

in  1867,  and,  rather  curiously,  the  anniversary,  two  hundred  years  before, 

of  the  death  of  the  author  of  the  ■'  Century  of  Inventions."     To  Mr.  Dircks 

is  due  the  great  credit   of  having  rescued  the  name  of  the  Marquis  of 

Worcester   from   oblivion.     His   life    of  the    Marquis  is  a  work  of  great 

research,  and  the  information   collected  leads  undoubtedly  to  the  fact  that 

the  Marquis  of  Worcester  was  the  first  constructor  of  the  steam-engine. 

The  medallion  is  executed  with  great  care,  and  is  well  worth  pos3es»ing 
by  those  who  respect  the  genius  of  a  man,  who,  in  spite  of  contumely,  made 
the  first  steps  towards  the  realisation  of  one  of  the  greatest  inventions  of 
modern  times.  Those  of  our  readers  who  have  not  seen  the  bust  at  the 
Crystal  Palace,  will  do  well  to  visit  Sig.  Brucciani's  studio,  not  only  for  the 
purpose  of  inspecting  the  medallion  in  question,  but  also  to  view  other 
works  of  art  there  exhibited,  and  which  those  of  a  cultivated  taste  cannot 
fail  to  appreciate. 


NOTES  AND  NOVELTIES. 


MISCELLANEOUS. 

TnE  Chicago  journals  assert  that  iron  can  be  manufactured  in  that  city  at  very  low 
rates.  Lake  Superior  pig  iron,  it  is  asserted,  can  be  procured  at  Chicago  for  18dols.  a 
ton,  and  Indiana  coal  for  2dols  a  ton.  Prom  these  facts,  it  is  arguedj  that  smelting 
furnaces  shouid  be  established  in  Illinois  and  Indiana.  The  coal  is  reported  to  be  free 
of  sulphur  and  of  good  quality. 

Lost  Opportunity. — When  the  Viceroy  of  Egypt  inspected  the  fire  brigade  in  the 
gardens  of  Buckingham  Palace,  we  learn  that,  in  order  to  illustrate  the  utility  of  fire- 
escapes,  certain  fire-men  went  through  the  form  of  rescue  from  the  roof  of  the  palace. 
They  assumed,  we  are  told,  a  helpless  state,  and  were  carried  down  on  the  backs  of  their 
comrades,  some  being  lowered  by  means  of  ropes.  We  almost  wish,  says  the  Pull  Mult 
Gazette,  that  at  the  same  time  his  Highness  could  have  been  lavoured  with  other  scenes 
illustrative  of  our  habits  which  could  not  have  failed  to  interest  him,  and  would  have 
been  useful  as  warnings,  if  not  as  examples.  For  instance,  a  few  hack  tabs  might  have 
been  driven  to  the  palace  gardens,  a  select  number  of  police  constables  assuming  a  help- 
less condition,  while  the  vehicles  were  allowed  to  loiter  leisurely  through  the  grounds. 
The  entrance  to  the  palace  might  have  been  upheaved  by  one  of  our  gas  companies, 
then  carefully  relaid  and  repaved;  upheaved  again  by  the  waterworks  company,  again 
carefully  relaid,  and  then  dug  up  once  more  by  an  underground  railway  company, — every- 
body present  assuming  "the  helpless  condition."  The  Viceroy  would  then  have  left 
the  palace  with  a  fair  idea  of  the  "working  of  our  systems." 

On  the  utilisation  of  a  sewage  as  a  manure,  the  Hon.  Henry  Petre  writes  that  bis  farm 
(Lodge  Farm,  Barking)  has  for  the  last  two  years  been  cultivated  with  London  sewage 
alone  as  a  manure.  There  are  now  upwards  of  100  acres  bearing  corn,  root,  and  other 
crops,  produced  solely  by  sewage,  and  Mr.  Petre  has  no  hesitation  in  saying  that  sewage 
can  be  profitably  and  economically  used  in  the  cultivation  of  all  the  ordinary  farm  crops 
of  this  country. 

The  Subscription  to  Mr.  George  Hudson.— On  the  12th  ult,  a  meeting  of  the 
subscribers  to  the  fund  now  being  raised  for  Mr.  G.  Hudson  was  held  at  Harkcr's  Hotel, 
York — the  Lord  Mayor  being  called  to  the  chair.  Mr.  J.  L.  Poster,  the  secretary,  re- 
ported the  sympathy  and  kindness  whieh  had  been  manifested  towards  Mr.  Hudson  in 
his  adversity  by  men  of  all  classes,  and  stated  that  the  Yorkshire  subserintion  amounted 
to  £1,280,  os.,  exclusive  of  £70  which  had  been  collected  at  Leeds  by  Mr.  Pepper,  and 
remitted  to  Newcastle.  The  London  York,  Newcastle,  and  Sunderland  subscriptions 
amounted  to  £4,400,  and  it  had  been  ascertained  that  for  an  investment  of  £4,000  they 
could  obtain  £512,  which  was  at  the  rate  of  £12,  16s.  percent.,  as  an  annuity.  The  North 
British  had  been  suggested  as  the  office  to  the  selected-  It  was  resolved  that  the  sub- 
scription entered  into  for  the  personal  benefit  of  Mr.  Hudson,  in  acknowledgment  of  his 
services  in  connection  with  public  works,  be  invested  in  the  purchase  of  an  annuity  for 
his  life,  and  a  committee  was  appointed  to  negotiate  for  such  investment.  A  vote  of 
thanks  to  the  Lord  Mayor  and  the  secretary  closed  the  proceedings. 

TRIAL  TRIPS. 

Trial  Trip  or  the  Clipper  Steamer  "  China." — On  July  13th,  the  magnificent  opium 
clipper  steamer  China,  belonging  to  Messrs.  Apcar  of  Calcutta,  made  her  trial  trip,  under 
the  superintendence  of  Capt.  E.  B.  Durham,  after  whose  designs  she  has  been  built  by 
Messrs.  Wigham,  Kiehardson  and  Co.  of  Newcastle.  The  weather  was  most  favourable, 
and  the  results  in  every  way  satisfactory — the  true  mean  of  the  runs  over  the  measured 
mile  gave  12'856  knots,  the  revolutions  of  the  screw  being  62,  per  min.  steam  35  to  401bs., 
vacaum  27Jin.  She  then  ran  from  the  Coquet  to  Tynemouth  Lighthouse,  the  tide  being 
slightly  in  her  favour,  at  the  rate  of  14  knots  an  hour  over  the  entire  distance.  The  China  is 
a  sister  vessel  to  the  Hindostan,  which  left  the  Tyne  about  two  months  ago  for  the  East. 
She  is  300ft.  long  by  35ft.  beam,  and  21ft.  deep,  and  her  engines,  made  by  the  well-known 
firm  of  Thompson,  Boyd,  and  Co.,  are  of  350-horse  power. 

LAUNCHES. 

Ship  Launch  at  Stockton. — On  Monday  evening  July  12th,  Messrs.  Pease  and  Lock- 
wood,  launched  from  their  yard  at  Stockton,  a  fine  screw  steamer  of  the  following  dimen- 
sions :  length  between  perpendiculars  225ft.  breath  33ft.  depth  24'9,  tonnage  1,283,  B.M. 
She  was  named  the  Capni  by  Mrs  Nelson,  of  Shields,  and  is  buiit  for  Messrs.  Donkin  and 
Co.,  of  Shields,  for  the  Mediterranean  trade. 

On  the  10th  ult.  a  splendid  screw  steamer,  the  Libra,  was  launched  from  the  ship- 
building yard  of  Messrs.  Gourlay  Bros,  and  Co.,  Dundee.  The  vessel  has  been  built  for 
the  General  Steam  Navigation  Company,  London.  Her  keel  and  fore-rake  measure  250ft. 
her  breadth  moulded  is  30ft.;  depth  moulded,  17ft.  loin. ;  tonnage  under  deck  830;  gross 
register,  985  tons;  and  she  is  classed  AA  at  Lloyd's.  She  will  be  schooner  rigged.  Her 
engines  will  be  surface-condensing  and  of250-horse  power.  Her  Passenger  accommoda- 
tion is  of  the  first  order,  berths  being  provided  for  upwards  of  one  hundred  each ,  first 
and  second-class  passengers. 

SHIPBUILDING. 

The  Albicore,  a  small  coasting  screw,  of  385  tons  register,  built  at  Port  Glasgow  by 
Messrs.  H.  Murry  and  Co.,  and  engined  by  Messrs.  Blackwood  and  Gordon,  has  just  made 
a  favourable  trial  trip.  The  Albicore  has  been  built  for  Messrs:  J.  E.  Swan  and  Brothers, 
of  Glasgow.  The  Cralgforth,  screw,  built  and  engined  by  the  London  and  Glasgow 
Engineering  and  Iron  Shipbuilding  Company  for  Mr.  C.  Williamson  and  others,  Leith, 
has  also  made  a  trial  trip,  in  which  she  attained  an  average  speed  of  10J  knots  per  hour, 
with  a  moderate  consumption  of  coal.  The  Ciaigford  is  a  spar-decked  vessel  of  1,110 
tons  gross  ;  her  engines,  which  are  on  the  builders'  compound  principle,  are  of  125-horse 
power,  nominal.  Mr.  J.  Elder,  of  Fairfield,  Govan,  has  launched  an  iron  screw  of  400  tons 
burden.  She  is  named  the  African,  and  is  intended  to  trade  on  the  West  Coast  of  Airica. 
She  has  been  built  to  the  order  of  Messrs.  Taylor,  Laughland,  and  Co.,  of  Glasgow. 
Messrs.  Napier  and  Sons  launched  the  Europe,  an  iron  screw,  built  for  MM.  Marc 
Fraissinct  et  Fils,  of  Marseilles,  and  of  the  following  dimensions :— Length,  315ft.,- 
breadth,  37ft.  6in.;  depth,  29ft.  6in.;  and  burden,  2,130  tons.  The  engines  of  the  Europe 
are  of  the  compound  kind,  and  of  170-horse  power.  Messrs.  Napier  have  on  hand  another 
steamer  of  similar  dimensions  for  MM.  Fraissinet.  Messrs.  W.  Denny  and  Brothers,  of 
Dumbarton,  have  launched  the  Lismore,  a  screw  of  616  tons,  built  for  Messrs.  Jardine, 
Matheson,  and  Co.,  of  Hongkong.  The  dimensions  ot  the  Lismore  are — Length  of  keel 
and  fore  rake,  180ft. ;  breadth,  27ft. ;  and  depth,  moulded,  19ft.  3in. 

Messrs.  J.  and  J.  Thomson  have  contracted  to  supply  the  engines  of  four  steamers 
which  are  being  built  by  Messrs.  W.  Hamilton  and  Co.,  of  Port  Glasgow,  for  the  Ottoman 
Government  Messrs.  Scott  and  Co.,  of  Greenock,  have  an  iron  paddle,  named  the 
Felis  Argentine,  intended  for  passenger  traffic  on  the  Eiver  Plate.  The  Fells  Argentine 
will  be  engined  by  the  Greenock  Foundry  Company.  The  Oberon,  an  auxiliary  screw, 
has  just  left  the  Clyde  for  LondOD,  where  she  is  loading  a  cargo  for  Shanghai.  The 
Oberon  was  built  by  Messrs.  A.  and  J.  Inglis  for  Messrs.  Shaw,  Maxton,  and  Co.,  of 
London,  and  she  is  expected  to  make  the  run  out  to  Shanghai  in  75  days.  The  Ole,\  ,.  is 
241ft.  in  length  by  36ft.  beam,  by  21ft.  depth.  Her  burden  is  1,235  tons.  She  is  fitted 
with  expansive  engines,  and  can  dispense  with  her  propeller  when  not  required,  the  screw 
space  being  enclosed  with  watertight  shutters,  by  which  means  the  ship  presents  one 
unbroken  water  line,  the  propelling  space  causing  no  resistance  whatever  when  the 
vessel  is  under  sail. 
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RAILWAYS. 

The  new  United  States  railroad  line  is  now  open  cut  the  Harlem  Railroad  to  Lebanon 
Springs  and  Manchester,  Vt.,  and  Montreal. 

The  Metropolitan  Distbict  Railway. — At  a  meeting  of  the  Metropolitan  Board  of 
Works,  the  engineer  (Mr.  Bazal^ctte)  reported  that  about  eighty  men  were  employed  on 
the  Metropolitan  District  Railway  works  on  the  Thames  Embankment,  and  said  that 
unless  the  works  were  carried  on  more  vigorously  it  would  be  some  years  before  they  were 
completed. 

A  I!etuk>-  has  been  issued  of  the  number  and  nature  of  the  accidents  and  injuries  to 
life  and  limb  which  have  been  reported  to  the  Board  of  Trade  as  having  occurred  on  all 
the  railways  open  for  traffic  in  England  and  Wales,  Scotland  and  Ireland  respectively, 
during  the  year  ended  the  31st  day  of  December,  1SC8.  The  number  of  accidents  to 
passenger  trains  was  92.  The  result  Irom  these  was  92  passengers  and  10  railway  servants 
Killed,  and  personal  injury  to  516  passengers  and  41  railway  servants.  Nine  accidents 
occurred  to  goods  and  mineral  trains,  whereby  eight  railway  officials  were  killed  and  five 
were  injured. 

The  street  railway  companies  of  Cincinnati  have  adopted  the  following  expedient  with 
the  two-fold  object  of  encouraging  travel  on  their  lines  and  of  diminishing  the  opportu- 
nities for  stealing  on  the  part  of  conductors.  All  the  tickets  are  numbered,  and  arc  like 
theatre  tickets  in  having  coupons.  The  passenger  retains  one  part  with  a  number  upon 
it  corresponding  to  that  which  he  gives  up.  All  the  tickets  taken  in  a  week  are  saved, 
placed  in  a  wheel,  and  one  is  drawn  out.  The  holder  of  the  coupon  whose  number 
corresponds  to  that  of  the  ticket,  draws  a  prize  of  fifty  dollars. 

The  returns  of  the  several  railroad  corporations  in  the  Slate  of  Massachusetts,  show 
that  21,916,021  passenirers  were  transported  by  them  for  greater  or  less  distances  during 
the  year  ending  Xovember  30, 186S  and  out  of  this  vast  number  not  one  was  killed  or 
injured  while  occupying  his  seat,  although  several  were  fatally  hurt  while  attempting 
to  get  on  or  off  the  trains  while  in  motion. 

woodex  Rails. — A  company  has  been  organized,  so  we  are  informed,  at  Stevens  Point, 
Wisconsin,  to  construct  several  miles  of  wooden  track  railway.  It  is  proposed  to  use 
hard  maple,  and  to  treat  it  with  some  preparation  to  harden  the  wood  and  to  preserve  it 
from  rotting. 

A  cosibact  has  been  concluded  between  the  Baltimore  and  Ohio  and  the  Indiapolis 
Cincinnati,  and  Lafayette  Railroad  Companies  for  permanent  business  connections  to 
and  from  the  West  bid  Cincinnati.  This  arrangement  provides  for  through  trains,  rates, 
and  proper  facilities  for  the  development  of  a  joint  traffic.  The  former  company  becomes 
largely  interested  in  the  securities  of  the  latter.  The  arrangement  is  regarded  as  very 
important  particularly  to  the  cities  of  Cincinnati  and  Baltimore. 

Ay  action  was  brought  some  time  ago  against  the  Hammersmith  and  City  Railway 
Company  to  recover  damages  for  alleged  injnry  to  a  house  caused  by  the  vibration  of  the 
trains  on  the  company's  lines.  The  Court  of  Queen's  Bench  decidedthat  no  compensation 
could  be  claimed,  because  the  running  of  the  trains  was  the  authorised  and  legalised 
use  of  the  railway.  The  Exchequer  Chamber  reversed  this  decision,  and  the  case  was 
taken  to  the  House  of  Lords,  who  reversed  the  decision  of  the  Exchequer  Chamber  and 
affirmed  that  of  the  Court  of  Queen's  Bench.     Lord  Cairns  differed. 

TELEGRAPHIC    ENGINEERING. 

The  submarine  cable  between  1'cterhead,  in  Scotland,  and  Iggersund,  in  Norway,  has 
been  successfully  laid  by  Mr.  W.  T.  Henley,  of  North  Woolwich,  and  forms  one  of  the 
links*  the  'ircat  Northern  Telegraph  Company. 

Tsm  Buck  Si  a  Cable. — It  is  announced  that  the  cable  of  the  Indo-European  Tele- 
graph Company  across  the  Black  Sea,  about  200  miles  in  length,  has  been  successfully 
submerged. 

APPLIED  CHEMISTRY. 
Acconnixc  to  Bottger,the  metal  antimony  may  replace  graphite  in  galvanic  batteries. 
Be  Bndi  the  following  arrangement  preferable,  as  regards  force  and  durability,  to  either 
Daniell  ',  Mlnotto's,  or  Leblancbe's  batteries: — A  cylinder  of  amalgamated  zinc  is 
placed  in  ft  concentrated  solution  of  equal  parts  of  common  salt  and  sulphate  of  magnesia; 
the  amine.  In  a  porous  cell  tilled  with  dilute  sulphuric  acid. 

Pboductiox  oi  Ozoxe  von  Ixr.fsTimi.  I'm  poses. — M.  wanes,  as  noted  in  the  Genie 
exhibited  to  bis  Scienti8c-fTien<la  an  electrical  apparatus  for  the  pro- 
dneti  al  a  small  cost,  which  has  not  received  the  attention  it  deserves.     His 

appar ■  .,  en  the  plates  of  irhich  atmospheric  air,  the  oxygen 

or  which  Is  to  be  ozonized,  Is  made  to  pais.     The  electricity  acts  here  by  Influence  and 
directly.     The  gas,  on  leaving  tl.i'  machine  acts  energetically  on  india-rubber,  ton 

electrical  ozonizer  might  probably  be  applied  with 
profit  to  the  bleaching  of  tissues,  liquors,  and  otha 

M.  Drlamieii,  in  a  communication  to  the  Academy  of  Sciences,  states  that  the  following 
mixture  forma  an  exciting  liquid  for  gall  n  i  of  great  energy  and  economy, 

disengaging  n  .  di  no  or  gas r— Dissolve  twenty  parts,  by  weight,  cf  protosul* 

"t  Iron   in  thirty-six  parts  of  water.     Then  stir  in  seven  pari  Ion  of 

uric  acid  (equal  part:.) ;  then  in  the  snmc  manner  add  one  part  of  dilut-d  nitric  acid 
(equnl  parts). 
Adi'ltkkition  op  GxTOntra.— Owing  to  the  increased  demand  for  glycerine  for 
of  late  become  very  common,  especially  with  dex- 
trine anil  with  ordinary  nof  which  when  used  In  small  quantltli 
hitherto  been  sxtremelv  difficult.  This,  however,  is  now  rendered  easy  bv  the  bine-  tint 
which  the  sophisticated  article  will  assume  if  boiled  with  diluted  nitric  acid  and  molybdatc 
of  ammonia. 

Dbtectiox  or  Aksixkai,  Pigments.—  M.  C.  Pusehcr  states— That  during  the  first 
live  months  oi  tin,  rear, no  l.-'-i  than  ciirht  cases  of  accidental  poisoning  bv  these  pig- 
ments have  occurred  al  Nnrcnbcrg ;  he  advises  the  use  of  liquid  ammonia  for  the  detec- 
tion of  these  pigments,  all  of  which,  he  says,  arc  soluble  therein,  exhibiting  a  blue 
coloured  solution,  if  copper  is  at  the  same  time  present;  he  further  states  that,  on  the 
evaporation  of  the  ammonia,  there  remains  a  dirty  greenish  coloured  precipitate  of 
amende  of  oxide  of  copper;  bil  advice  ll  to  paint  some  white  paper  with  this  solution 
in  ammonia,  which  painting,  when  dry,  it  arsenic  were  present,  will  exhibit  a  dirty  grccn- 
J»h  colour,  but  II  al  appears  to  nave  been  imparted  to  the  paper 

ins  pigment  is  quite  free  from  arsenic,  mid  only  i  .  a  compound  ol  copi 

metal  tbei  ,i  blue  pigment  ,  all    oluble  In 

nm,  except    luch   adulterations  as   do 

ACCIDENTS. 

Bxflosiokb.    So    rower  than   fonrti  .tives   have  exploded 

,  killing  twenty-nine  persons  ant-right 
and  severely  wounding  a  much  gn  ater  number. 

i  Whstxjw  Watxbs/— The  Cincinnati  Ommireial  has 
published  a  list  i 

no ;  bv  sink- 

"'  hnndrcd  and ,  ..-,., i  :n,,i  itxtv-four 

rassoi 
tour  thousand  seven  hundred  '      . 


LATEST   PRICES   IN"  THE  LONDON  METAL  MARKET. 


COPPER. 

Best  selected,  per  ton    

Tough  cake  and  tile  do 

Sheathing  and  sheets  do 

Bolts  do 

Bottoms  do 

Old  (exchange)  do 

Burra  Burra  do 

Wire,  per  lb 

Tubes  do 

BRASS. 

Sheets,  per  lb 

Wire  do 

Tubes  do 

Yellow  metal  sheath  do 

Sheets  do 

SPELTER. 

Foreign  on  the  spot,  per  ton    

Do.  to  arrive  

ZINC. 
In  sheets,  per  ton 

TIN. 

English  blocks,  per  ton 

Do.  bars  (in  barrels)  do 

Do.refineddo 

Banco,  do , 

Straits  do 

TIN   PLATES.* 
IC.  charcoal,  1st  quality,  per  box    . 

IX.  do.  1st  quality  do 

IC.  do.  2nd  quality  do 

IX.  do.  2nd  quality  do 

IC.  Coke  do 

IX.  do.  do 

Canada  plates,  per  ton 

Do.  at  works  do 

IRON. 
Bars,  Welsh,  in  London,  per  ton 

Do.  to  arrive  do 

Nail  rods  do 

Stafford  in  London  do 

Bars  do.  do- 

Hoops  do.  do 

Sheets,  single,  do 

Pig  No.  1  in  Wales  do 

Refined  metal  do 

Bars,  common,  do 

Do.  mrch.  Tyne  or  Tees  do 

Do.  railway,  in  Wales,  do 

Do.  Swedish  in  London  do 

To  arrive  do 

Pig  No.  1  in  Clyde  do , 

Do.  f.o.b.  Tyne  or  Tees  do 

Do.  No.  3  and  4  f.o.b.  do 

Railway  chairs  do 

Do.  spikes  do 

Indian  charcoal  pig  in  London  do. 

STEEL. 

Swedish  in  kegs  (rolled),  per  ton.... 

Do.  (hammered)  do , 

Do.  in  faggots  do 

English  spring  do 

Quicksilver,  per  bottle 

LEAD. 

English  pig,  common,  per  ton 

Ditto.  L.B.  do 

Do.  W.I',,  do 

Do,  sheet,  do 

Do.  red  lend  do 

Do.    while  do 

Do.  patent  ibot  do 

Spanish  do 
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*At  the  works  is  to  Is. 6d.  per  box  en. 
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THE  ARTIZAN. 


[August  1,  18G9. 


LIST  OF  APPLICATIONS  FOR  LETTERS 
PATENT. 

wit  have  adopted  a  new  arranoement  of 
the  Provisional  Protections  applied  for 
by  Inventors  at  the  Great  Seal  Patent 
Office.  If  any  difficulty  should  arise 
with  reference  to  the  names,  apdrbsses, 
OR  titles  given  in  the  list,  thk  requi- 
site information  will  be  furnished,  free 
of  bxpbnsb,  from  the  office,  by  address]  no 
*  letter,  prepaid,  to  thb  editor  of 
"Thb  Artizan." 

Dated  June  18th,  18G9. 

1871  T.  Bourne— Velocipedes 

1872  J.  G.  Ton gue— Production  of  novel   effects  in 
the  manufacture  of  various  articles  of  glass 

1873  I.  Gregory  and  E,  Ainsworth — Improved  drag 
motion 

1874  H.,  and  F.  C.  Cockey— Economising  consump- 
tion of  fuel 

1R75  J.  Napier — Cooking  ranges 

1876  G.  Molland— Axle  boxes 

3877  W.  Topham  and  S.  Wells— Handles  of  kettleo 

1878  M.  Andrew— Locks 

1879  W.  R.  Lake— Permanent  way 

1880  E.  Haas  and  V.  Wanostrocht— Improvements 
-  in  pushing  jacks 

Dated  June  19th,  1869. 

1S81  T.  Silver— Holding  letters 

1882  J.  Bullough  and  C.  Callow—  Improvements  in 
looms 

1883  S.  Holmes — Microscopes 

1884  H.A.  Bonneville — Compounding  and   apply- 
ing compounds,  &c. 

1886  A.  S.  Harington— Poach  for  tobacco 

1886  H.  Bauerrichter — Show  cabes 

1887  C.  E.  Brooman — Ascertaining  weights  and 
strains 

1888  J.  B.Brooks  and  G.  Picken— Sticks  of  um- 
brellas, &c. 

1889  P.  Forder  and  J.  Traves— Velocipedes 

1890  E.  H.  C.  Monrkton— Iron  and  steel 

1891  S.  Nicholle— Tilling  land 

1892  R-  Olpherts— Indigo  presses 

Dated  June  31st,  18C9 

1893  M.  Olsson — Preserving  animal  substances 
1694  W.  Pidding — Locomotion 

1895  A.  J.  Glas— Decorticating  grain 

1896  B.  Bell— Affixing  eheathing  to  ships  5 

1897  A.  Manure — Preparing  and  treating  cereal  and 
other  vegetable  substances,  &c. 

1898  P.  G.  B.Westmacott— Cranes 

1899  W.  R.  Lane— Blowing  engines 

1900  W.  R.  Lake— Wheels 

1901  T.  F.  Cashin  and  J.  Green — Improvements  in 
furnaces 

Dated  June  22nd,  1869. 

1902  C.  D.  Abel-Opening  gates,  &c. 

190J  J.  Martin — Process  for  rendering  cloth  repel- 
lant  of  water 

1904  G.  Muagrove — Indicating  signals 

1905  W.  Clark  and  E.  Walker— Construction  of 
windlasses 

1906  T.  and  R.  NuttaK— Weaving  counterpanes 

1907  J.  C.  Norman— Plough 

1909  J.  I.  Evans— Tin  plates 

1910  R.  R.  Kelly— Supplying  furnaces  with  coal, 
&c 

1911  W.  R.  Lake— Combustible  ccmpouud 

1912  M.  Henry— Composing,  &c. 

1913  H.  T.  Munus— Camera  obacuras 

Dated  Junb  23rd,  1869, 

1914  R.  Moreland  and  D.  Thomson — Improvements 
in  steam  rollers      t  > 

1915  W.  Spence— Sugar,  &c. 

1916  J.  H.  Johnson— Injectors  for  feeding  steam 
generators 

1917  D.  P.  Park — Removing  animal  substances 
from  bottoms  of  vessels 

1918  A.  J.  Deblon— Calendering  stuffs 

1919  O.  Zabel— Grease  box 

1920  A,  M.  Clark— Telegraph  apparatus 

1921  A.M.  Clark— Safety  lamp 

1922  H.  A.  F.  Duckham— Gas  regulators 

Dated  June  24th,  1869. 

1923  R.  Caunce,  M.  G.  Bradley,  and  B,  |Bradley— 
Twisting  yarns 

1924  W.  W.  Neame— Fencing r 

1925  R.N.  Williams— Reflectors 

1926  S,  Joy — Apparatus  for  removing  the  dust  from 
rag  machines 

1927  J.  Macintosh— Waterproof  varnishes 

1928  J.  Brooke  and  J.  Hirst— Improvements  in  pad- 
dings 

1929  J.  Taylor,  R.  Ingham,  J.  Ingham,  and  J. 
Charples — Carding  engines 

1930  R.  Olpherts- Shears 

1931  A.  H.  Still  and  1).  Lane— Gas 

1932  W.  Bracelia— Velocipedes 

Dated  June  25th,  1869. 

1933  W.  Pattiser— Key  fastenings 

1934  W.  F.  Williams— Improvements  in  boxes  for 
holding-  jewellery,  &c. 

1935  J.  Heys,  J.  Duckworth,  and  G.  Barnes— Card- 


paring  colouring  matters 

1937  J.  Lamb — Bobbin  frames 

1938  A.  B.  Childs—  Cataraenial  Backs 

1939  C.  Cochrane— Smelting 


Dixed  June  2611;,  1969. 

1940  W.  Madders— Embroidering  machines 

1941  F.  Lecoultre— Changing  the  barrels  of  musical 
boxes 

1942  J.  Donald — Finishing  woven  fabrics 

1943  John     Lomax — Depositing  the    ttive   or    flour 
contained  in  the    air  discharged   from  millstones 

1944  J.  Lomax— Preventing  the  deleterious    effects 
~of  bick  lash  iu  driving  millstoues 

1945  F.  Wohlgemuth— Changing  a  breech  loading 
gun  into  a  rifle 

1946  A.  Clark— Permanent  way  and  Tolling  stock 
of  railways 

1947  T.  Gray— Varnishes 

1948  W.  H.  Terkin— Colouring  matter 

1949  G.  Fielding— Smoke  burner 

1950  A.  Bowring— Shirt  collars 

Dated  June  28 ih,  1369. 

1951  W.  P.  Wilding— Spinning  cotton 

1952  C.  D.  Abel— Ventilating  hat 

1953  M.  Kennedy— Scales 

1954  J.  W.  Burton  and  R.  IV.  M or rell— Combined 
woven  nnd  felted  fabrics 

1955  G.  T.  Smith  and  C.  Challenger— Mauufactu re 
of  floor  cloth 

1956  J.  Howard — Horse  rakes 

1957  W.  R.  Lake— Refining  lard,  &c. 

Dated  June  29th  1869.    ' 

1958  G.  C.  Hasweli— Water  directors 

1959  C.  L.  V.  Yon— A  new  kiud  of  portable  camping 
trunk 

1960  W.  Cowan— Locomotive  engines 

1961  W.  Blackburn— Standards  for  benches,  deskB, 
and  tables 

1962  E.  T.    Hughes— Manufacture  of  sugar,  SiC 

1963  W.  Bartrain— Cartridges 

;  Datbd  June  30th,  1369. 

196-1  H.  Yates— Improvements  in  means  applicable 

to  twist  luce  machinery,  &c. 
1965  H.  H.  Courtenay— Printing  surfaces 
19R6  B,  Templar-  Combined  apparatus  fordamping 

and  cleaning  slates 

1967  M.  Tumor — Mannfacture  of  metallic  and  other 
boxes 

1968  R.  Brown— Iron 

1969  W.  E.  Gedgf— Carriage  spring. 

1970  W.  E.  Gedge — lucorporatiou  of  extract  of  meat 
with  sweetmeats 

1971  D.  Hebaon—  Steam  engines 

1972  R.  Knowles  and  J.  Liudley — Ladies' night  dress 
cases 

1973  R.  H ey worth— Waterclosets 

1974  W.  H.  Bailey— Improvements  in  cutting  ma- 
chinery 

1975  R.  Boyd— Signals 

1976  J.   Robinson — Means   of   preserving    animal 
substances 

Dated  July  1st.  1869. 

1977  A.  Walker — Agricultural  implements 

1978  W.  E.  Gedge— Safet*  break 

1979  R.  W.  Whitehead— Coupling  or; Jointing  pipes 
or  tubes 

19S0  W.  Coleman  and  S.  Turton— Improvements  in 
feeding  bottles 

1981  R.  Porter— Furnaces 

1982  T.  Atwater— Improved  band 

1983  J.  Stringfellow— Affording    protection    from 
bullets,  &c. 

19S4  J.  1).  Dougall  and  W.Bartram— Apparatus  for 
filling  cartridges 

1985  J.  H.Johnson — Firearms 

1986  A.Barclay — Engines 

1987  L.   F.  Banks— Improvements  in  markers  for 
croquet 

1988  A.  V.  Newton — Mannfacture  of  nail  or  spike, 
&c. 

1989  A.Turner — Improvements  for  utilising  waste 
Btrips  of  india  rubber 

1990  H.  Larkin  and   W.  White— Production  of  so- 
dium, &c. 

1991  E.  Roe— Looped  fabrics 

Dated  July  2nd,  1369. 

1992  T;    Jones— Attaching  together   the  barrels  of 
firearms 

1993  H.   A.   Bonneville— Imp? oved     billiard   room 
convenience 

1994  H.  A.  Bonneville— Motive  power 

1995  E.  Scott— Preparing  fibrous  materials,  &c. 

1996  S.  Smitbson,  G.  Senior,  and  J.   Inman— Valve 
taps,  &c. 

1997  S.  Brooke— Carding  wool 

1998  G.  White— Steam  engine 

1999  C.  D.  Abel— Preparing  corks 

2000  H.  Turner— Weaving 

2001  W.   Frazer— Materials  ior  fettling  or  lining 
furnaces 

2002  W.  R.  Lake— Bag  and  chair    : 
2003^J.  Smithers — Galvanic  batteries  ' 

2004  W.  A.  Bidd ell— Ornamental  articles  in  glass, 
&c. 

2005  A.  V.  Newton — Preparing  flax,  &c. 

2006  H.  E.  Newton— Measuring  liquids 

2007  J.  Steward— Pianofortes^ 

2008  A.  Foucaut— Telegraph  cables 

Dated  July  3rd,  1369.; 

2009  P.  G.Gardiner — Improvements  in  springs  for 
railroad  cars,  &c. 

2010  N.  Mole— Boots 

2011  A.  Angell— Hulling  coffee,  &c. 

2012  A.H,  A.  Duraut— Preparing  castor  seeds  for 
oil,  &c. 

2013  T.  Graham  e— Barges,  3cc. 

2014  I.  James— Crushing  bunes 

2015  G.  Palmer— Biscuits 

2016  J.  Hart— Utilizing  sewage" 

2017  T.  Butler  and  R,  F.  Carey— Lace 

2018  C.  Churchill— Drawing  nails 

2019  J.  Clark— Steam  boilers] 


Dated  July  5th,  1369. 

2020  T.  Smith— Utilising  the  waste  heat  of  puddling 
and  ball  furnaces 

2021  W.  Duckworth  the  younger— Taps 

2022  F~.  W.  Gruue — Trausferring  photographs 
20-23  T.  Wilson— Velocipedes 

2024  W.  R.  Lake— Water  meters 

2025  L.  Falisse — An  improved  breed -loading  fire- 
arms 

202->  W.  E.  Newton— Bar  iron 

2027  J.  Knight  —  Improvements     in    four  wheeled 
vehicles 

Dated  July  6th,  1869. 

2028  G.    Buchanan — Improvement?    in    preserving 
animal  and  vegetable  substances  for  use  as  food 

2029  W.  U.  llaigh— Cutting,   sowing,    and    boring 
wood 

2030  J.  Ged'je — An    arm    and    reclining  .chair   for 
travellers 

2031  C.  D    Abel— Composing  and  distributing  type 

2032  W.   Walker — Motive    power   engines,    rotary 
pumps,  »ud  fans 

2033  W.  L.    Wise— Lubricating    the    cylinders    of 
steam  engines 

2034  C.  Crock  ford— Treating    the   ores    of  lead  or 
products  containing  lead 

2035  C.  E.  Brooman— Heating  and  distilling  water 

2036  L.  Clayton,  L. Clayton,  and  J.  Smith— Taps  or 
valves 

2037  W.  Bray— Refrigerators 

2038  W.   Q.   EaBt— Apparatus   for    indicating  the 
flow  of  liquids 

2039  W.  Piadiog— Obtaining  scents 

Dated  July  7th,  1869. 

2040  J.  Shore — Cards  nsed  in  carding  engines 

2041  D.  Cope — Prevent   waste  of  liquids  in   filling 

2042  ri  .  E.  Kuight— BuBks 

2043  F.  Walton— Scrapers 

2044  J.  B.  RogerE— Vol<.cipedes 

2045  V.  A.  Deaubeuf— CampresBing    and  moulding 
coal 

2046  A.  P.  Price— Anaesthesia 

21147  R-  Mallett— Manufactuie  of  iron  and  steel. 

2048  F.  Trappes— Velocipedes 

2049  J.    Kobinson — Machinery      for    cutting     dove- 
tails 

2050  W.  E.  Newton — Decarbonising  iron 

20.?1  W.  Arnold  and  W.  Carnelley— Steam  boilers 
2052  A.  V.  Newton— Chandeliers 
2(r53  W.  R.  Lake— Removing  artificial  coatings  from 
metallic  surfaces 

2054  J.  H.  Johu6on — Preparation  of  meat  fur  pre- 
servation, and  preservation  of  the  same 

2055  R.  P.  Faucheux— Boxes  or  holders  for  matches 
and  other  articles! 

Dated  July  3th,  1869. 

2056  C.  S.  Berthon— Squares  for  finding  centre  of 
circles 

2057  J-  G  Rollins— Reapinar  and  mowing  machines 
205a  J.  Wright- Shaving  mug 

205S*  W.  Davis— Tallow  used  in  candles  and  soap 

2060  T.   Kuowles— Wrought  iron    permanent  way 
for  railways 

2061  I.  Williams  and   R.  C    H.  Wallendahl— Fish 
hooks 

2062  I.    L.    Pulvermacher — Chains  for  producing 
electric  currents 

Dated  July  9th,  1869. 

2063  W.  Hutchinson— Bricks,  Ac. 

206-1   H.  H.  Murdoch— Propelling   canal    boats  and 
other  vessels 

2065  T.  James — Sewing  machines 

2066  K.  Baker— Securing  gates 

2067  J.  H.  Jones— Lamps 

206  8  M .  A .  M  uir  aod  J .  McUwham— Improvements 
in  looms 

2069  J  .  Aitken— Motive  power 

2070  G.  A.  Nowell— Limps 

2d71  F.J.  Mauceanx— Firearms,  &c. 

2072  W.  Allan  and  P.  D.  Nichol— Improvements  in 
steam  generators 

Dated  July  10th,  1859. 

2073  A.M.  Clark— Measuring  time,  &c. 

2074  J.  W.  Jackeon— Breakwaters,  &c. 

2075  I.  Walker  and  P.  A.  Godefroy— Manufacture 
z.  of  dyes 

2076  C.  E.  Brooman— Cartridges 

2077  J.  Gewsert— Recovery  of  nitric  acid  in  the  ma- 
nufacture of  sulphuric  acid 

2078  T.  Kendrick— Knobs,  &c. 

2079  T.  D.  Waller— Cask  stand 

2080  C.  L.  Calkesi— Kitchen  cart 

2081  J.  Beard— Pumps 

20*2  S.  Read— Finishiuer  textile  fabricB,  &c. 

2083  J.  S.Crosland— Improvements  in  marincsteam 
engines 

2084  J.  B.  Couper — Horseshoes 

2085  J.  Bannehr  and  H.   Matthews— Drjing,  Sec, 
woven  fabrics 

2086  J.  Worth  and  W.  Turner— Cards  for  carding 
cotton 

2087  W.  R.  Lake— Producing  marquetry 

2088  W.R.  Lake— Horseshoes 

2089  W.  R.Lake— Sofa bedBtead  & 
£090  W.  R-  Lake— Sawing,  (Sec,  wood 

Dated  July  12th,  1869. 

2091  Q.  Dnnlop,T.  J.  Martin,  and  W,  On— Cou- 
plings, &c. 

2092  J.  l)e  war— Treating  certain  substances  for  food 
andmsuure 

2093  C.  A.  Bates— Apparatus  to   be  applied  to  the 
mouths  of  letter  boxes 

2094  K.Sutton— Speaking  pipes 

2095  L.  Schalleidner— Improvements  in  engine   to 
stamp  waxlights 

2096  W.  Bayliss— Rick  stands 

2097  J.  Henderson— Refrigerators      

20^8  C.  D.  Abel— Cleansing  grain 

2099  C  Mertons— Cartridge  box 

2100  E.  Pettitt— Spinning  cotton 


2101  J.  H.     flayer — Utilising    residual    sulphate  of 
lime.  &c. 

2102  W.  R.  Lake-White  lend 

211*3  C.  F.    Duudejdale — Apparatus  for  generating 
hydrogen  gas 

Dated  July  13th,  18C9. 

2104  C.  A.   C.   de  Goddes  de  Liancourt— Improve- 
ments m  life  belts 

2105  C.  Chapman— Pumps 

2)06  J.  Piik — Slide  valves  of  steam  engines 
210"  T.  Res  tell — Breech  loading  arms 

2108  C.  P.  E.  Roche— Improvements  in   the  conver- 
sion of  castirou,  Sec, 

2109  W.  P.  Bain— Sails  for  ships 

2110  F.  J.    Smith  and  L.    J.  Abbott— Effervescing 
drinks 

2111  R.  Craig—  Paper  making 

2112  A.  V.  Newton— Mowing  machines 

2113  R.  Whittaker— Teetotums 

2114  S   E.  Crispe  and  J.  West— Healing  by.  mean* 
of  steam 

2115  J.  Burnett— Firearms 

Dated  July  11th,  1869. 

2116  I.  Bnggs— Generation  of  ammonia 

2117  C  Shether— Duplicate  luck 

2118  J.  A.  Horlick— pianoforte  harrfmers 

2119  J.  A.  Horlick — Piauoforte bridges 

2120  T.  Richards— Sroves 

2121  R.  VVillcox — Instruments  for  picking  up  suL- 
marine  cables 

2122  M.  Jack— Agricultural  implement 

2123  J.  VV.  Reia — Manufacture  of  paper 

2124  J.  Leetch — Spring  stopper 

2125  J.  Leetch— Communication  between  the  differ- 
ent parts  of  a  railway  train 

Dated  July  15ih,  1869. 

2126  V.  Coine — Aero-hydraulic  engine 

2l'/7  J    Ciowtber — Seats  of  railway  carriages 

2 US  J.  Crowtber— Working  hoiBts 

212»  J.  Cruwther— Velocipedes 

2130  J.  Leeming  and  J.  Leeiniug — Improvements  in 

looms 
21(1  G.  Lowry — Dressing  tiax 

2132  W.  W.   H.   Smith— Upper    leathers  for   boots 
2>33  B.  J.  B.  Mills— Annealing  metals 

2134  A.  Adamsz — Cigarettes 

2135  C.  de  Bergue — Locomotives 

2136  J.J.  Cousins — Indicating  the    points  made  at 
_  billiards 

2137  J.T.  A,   Mallett— Charging;  atmospheric  air 
with  oxygen 

2138  O.  I).  Abel— Coiled  springs 
2129  J.T   Wray— Hydrochloric  acid 
2140  J.  Beruaud — Smelting 

^141  J.  H.  Johuson — Agricultural  implements 

2142  J,  tieri.and-  Utilising  heat 

Dated  July  loth,  1869. 

2143  J.  E.  Millar— Machinery  for  raising  tha  cop  of 
woollen  cloth 

2144  W.  Hosack— Evaporating  liquids 

2145  W.  Horack— Improved  ship 

2146  J.  Grint— Saw  (tenches 

2147  VV.  R.  Lake — Improvements  in  propelling  ma- 
chinery 

2148  R.   P.   Williams — Improvements    in    railway 
crossings 

2149  J.  W.  Ormiston— Blast  furnaces 

2150  G.    Yates  and  J.    R.  Williams— Opening  cu- 
cumber fi  antes,  &c. 

2151  F.  G.  Fleury — Drawing  liquids 

2152  R.  B.   Evered   and  R.    Hurst— Apparatus  for 
raising  water 

2153  A.  Rollasou— Extracting  ammonia,  &c. 

Dated  July  17th,  1869. 

2154  B   Russ— Bicvcles 

2155  P.  Murray— Rocking  firebars 

2156  W.  Piddmg— Mosaic  fabucs 

2157  H.  Mege— Fatty  bodies 

2158  E.F.  Jones-Nails,  Stc. 

2159  H    E.  Newton— Firearms 

2160  H.  E.  Newton— Electro  magnetic  engines 

2161  A.  SimoBon — Cleaning  knives 

2162  M.  Eyth—  Carrying  road  wheels 

2163  D.N.Defrits— Gas  meters 

2164  A.  Auciou — Firearms 

2165  C.  Hook— Velocipedes 

*166  J.  H.  J iibuFon— Blasting,  See. 
2167  C.  J,  Harcourt— Axle  pulleys,  8tc. 
2lb3  J.  Bernstein— Umbrella  handles 

Dated  July  19th,  1869. 

2169  W.Furnesa— Cutting  files,  &c. 

2170  J.  H.  Jobuson — Sewing  machines 

2171  J-  Imray  and  G.  G.  M-  Hardingham— Sew-in'- 
machines 

2172  B.  Looker— Earthenware  box 

2173  VV.  Leftwich — Velocipedes 

2174  W.    Macgeorgeand  A.  Rlgg-Starting  steam 
engines 

2175  R.  Neale— Transfer  engravine 

2176  W.  E.  Gedye— Generating  steam 

2177  A.  M.  Clark— Cables 

2178  R.  Schloesser  and  J.  Irving— Converting  wood 
shavings  into  paper  pulp 

2179  V.  E.  Maugher— Ink  absorber 
2160  B.  Hunt— Looms 

2181  R.  Duerre— Lever  roanumotive  apparatus 

2182  J.  B.  Fundu-Blowing  glass 

2183  T.Thomas— Mills  for  grinding:  corn,  &c,  t 

2184  W.  Williams— Elastic  horse'boot 

Datbd  July  20th,  1869. 
21P5  R.  G.  Fisher— Rafters  for  roofs 

2186  T.  Holt- Distributing  disinfectants  to  closets 

2187  R.  Olivier— Velocipedes 

2188  F    Fleming — Driving  straps 

2189  R.  Saunders — BufBng  railway  carriages,  6tc. 

2190  J.  Rehse — System  for  the  cure  of  stammering 

2191  J.  E.  Holmes— Securing  the  free  ends  of  wire 
ropes 

2192  W.  Rose— BearingB  for  cast  iron  rails 

2192  D.  Trevor— Production  of  photographic  pic- 
tures 
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RAILWAYS  IX  INDIA. 
(Illustrated  ly  Plate  352). 

Although  several  articles  upon  the  subject  of  railways  in  connection  with 
roads  and  canals  have  lately  appeared  in  The  Artizax,  we  feel  sure  we 
need  make  no  apology  for  adverting  to  several  despatches  that  have  lately 
passed  between  the  Governor-General  of  India  and  the  Duke  of  Argyll, 
Secretary  of  State  for  India,  and  which  have  lately  been  printed. 

The  first  despatch,  dated  March  11th,  1869,  relates  to  the  agency  by 
■which  the  future  railways  in  India  should  be  constructed,  and  after  quoting 
the  minutes  of  Sir  John  Lawrence,  sums  up  his  conclusions  in  reference  to 
the  subject  by  stating  that  ho  was  of  opinion  that  railways  should  be  carried 
out  by  the  Government  itself,  so  far  as  consistent  with  the  actual  and 
implied  engagements  with  existing  companies.  The  Government  had  been 
forced  into  the  conviction  that  the  prosent  arrangements  with  the  Indian 
Tailway  companies,  precluded  it  from  sufficient  control  in  the  expenditure 
"to  protect  its  financial  interests,  and  this  appears  to  be  the  principal  motive 
for  avoiding  the  agency  of  companies  for  the  future.  The  average  cost  of 
Indian  railways,  which  is  about  £17,000  per  mile,  is  considered  to  be  far  too 
high  in  proportion  to  the  amount  of  traffic,  scarcely  any  of  the  lines  paying 
moro  than  5  per  cent.,  while  the  average  is  only  3  per  cent.  As  the  present 
lines  naturally  run  through  the  richest  provinces  and  largest  towns,  it 
can  hardly  be  expected  that  tho  returns  from  the  new  lines,  which  have 
been  recommended,  will  equal  those  obtained  on  the  lines  in  operation,  and 
consequently  it  is  an  essential  condition  that  tho  cost  of  construction  shall 
bo  largely  diminished.  In  ordor  to  effect  this  purpose  it  is  proposed  that  in 
any  future  arrangement  with  a  company  for  carrying  out  railways  tho 
Government  of  India  should  have  tho  powor  of  limiting  the  capital  outlay 
to  what  is  doemod  strictly  necessary;  and  in  the  event  of  its  being  of 
opinion  that  tho  railway  is  not  being  constructed  satisfactorily,  or  is  not 
likely  to  bo  completed  for  tho  sanctioned  estimates,  or  with  proper  expedi- 
tion, it  should  havo  tho  power  of  taking  tho  works  from  tho  company. 
Tho  Government  folt  very  strongly  the  objoction  thoro  might  bo  in  some 
cases  to  allowing  companies  to  carry  out  works  in  native  states,  and  pro- 
posed to  lay  down  as  a  principle,  that  tho  inexpediency  of  admitting  them 
should  bo  presumod  until  tho  contrary  had  boon  most  satisfactorily  proved. 
And  lastly,  the  Government  deprecated  any  attempt  to  throw  upon  it  tho 
invidious  duty  of  constructing  only  linos  of  railway  which  cannot  pay.  \* 
regards  this  clause  the  feeling  may  bo  very  natural,  but  wo  cannot  under- 
stand how  tho  Govorntnont  can  oxpoct  companies  with  thoir  oyes  open, 
to  undertake  political  non-paying  linos  Dnleu  thoyaro  far  moro  charitable 
in  India  than  in  othor  parts  of  tho  world. 

Tho  next  despatch,  dated  the  11th  of  March,  1869,  adoptod  tho  approxl- 
mato  Bnpplied  in  Sir  John  Lawrence's  minnte  of  tho  9th  of  January,  L869, 
and  entirely  accepted  tho  gonoral  conclusions  based  on  that  estimate: — 

"1.  That  every  part  of  India  which  can  at  the  present  time  be  reason 
ably  regarded  as  requiring  railways  could  be  brought  within  a  general  do! 
work  of  lines,  the  aggregate  length  of  which  would  be  about  16,000  a 
of  whloh about  I, nun  are  opened,  1,000 mflee  are  In  progress, and  900 

aro  about  to  be  put  in  hand. 

•"_'.  That  by  the  continued1  expenditure  ol  about  '■'•]  millions  yearly  it 
might  be  possible  to  open,  on  an  average,  800  mile*  of  railway  yearly, 
reckoning  the  average  cost  p-r  mile  .  lines  to  be  £12,000. 

"::.  That  such  a  supply  of  capita]  might  probably  be  Forthcoming  for 
the  purpose  In  question,  In  addition  to  the  sums  required  for  irrigation  and 
othor  works  of  Improvement  for  whlcb  money  must  be  borrowed,  without 
seriously  disturbing  the  money  market. 

"  I.  That  tho  resulting  eharge,  in  the  shapo  of  tho  oxcoss  of  the  sum  to 


be  paid  for  interest  over  the  net  receipts  of  the  open  lines,  would  not  he 
likely  to  exceed  the  amount  which  could  be  spared  from  the  revenues  for 
the  purpose  of  carrying  out  these  extremely  important  works,  and  that  any 
necessary  adjustment  between  the  actual  charge  and  the  available  resources 
of  the  Government  could  readily  be  made  by  reducing  or  increasing  the 
rate  of  annual  outlay. 

"  5.  That  by  the  regular  prosecution  of  railway  extension  on  some  such 
moderate  and  persistent  system  the  great  requirements  of  India  could,  in 
all  probability,  be  met  in  a  period  of  thirty  years  from  the  present  time, 
without  extraordinary  taxation,  inconvenient  pressure  on  tho  public 
revenues,  or  objectionable  increase  of  the  liabilities  of  the  state." 

The  Government  was  of  opinion  that  the  Indus  Valley  railway  should  be 
undertaken  early,  but  that  it  should  not  be  pushed  on  so  as  to  affect  tho 
labour  market,  which  is  but  poorly  supplied  along  the  whole  line.  By 
beginning  at  Moultan  and  working  downwards,  the  navigation  of  tho  worst 
portion  of  the  Indus  would  be  obviated  at  the  earliest  period.  There  was 
ground  for  thinking  that,  by  combining  the  excavation  of  a  main  line  of 
canal  from  Sukkur  towards  Hydrabad  with  tho  formation  of  the  railway 
an  important  saving  of  expense  might  bo  secured. 

A  railway  through  Rajpootana  to  connect  tho  NorthAYestom  provinces 
with  Bombay  is  also  recommended  to  be  commenced  at  once. 

A  short  line  to  the  Kumaon  Ironworks  from  the  Oudo  and  Rohilcuud 
Railway  would  be  of  great  importanco  with  reference  to  the  cheap  pro- 
vision of  iron  for  the  railways  of  Northern  India. 

The  Darjeeling  Railway,  Kooshtee  to  Titalyah  (210  miles)  is  said  to  be 
one  which  commends  itself  for  early  construction  on  many  grounds  of 
policy,  but  at  present  thore  is  some  doiibt  regarding  tho  exact  line  to  bo 
followod,  which  has  not  yot  been  finally  sottlod. 

The  East  Coast  Railway  betwoon  Calcutta  and  Madras  is  also  proposed, 
although  there  appears  to  bo  somo  doubt  as  to  tho  exact  direction  it  should 
take  and  also  as  whether  it  would  not  be  desirablo  to  mako  it  a  narrow 
gauge  railway. 

Short  branches  are  proposod  in  connection  with  tho  Madras  main  lino, 
also  a  railway  to  Tuticorin  ;  the  southorn  soction,  wost  coast  railway  from 
Boypoor  to  Calicut  on  tho  north,  and  to  Cochin  on  tho  south.  Tho  wost 
coast  railway,  uorthom  section,  is  rccommendod  so  far  as  regards  tho  lino 
from  Garwar  to  Dharwar  or  Hoobloo,  so  as  to  concontrato  tho  trade  at  the 
now  port  of  Oarwar.  A  gradual  dovolopmont  of  railways  in  Mysore  might 
lie  carried  out  from  Bangaloro  with  tho  intention  of  thoir  ovontually  joining 
into  the  Southern  Mahratta  series,  and  so  giving  an  additional  outlot  to 
Mysoro  by  Oarwar.  Tho  Hyderabad  railway,  Koolburga  to  Hyderabad 
(  1  lii  miles),  should  bo  taken  up  at  onco  as  a  stato  line,  and  tho  junction  of 
north-oast  and  south-oast  branchos  of  tho  Groat  Indian  I'oninsular  railway, 
Mmimnrto  Doondh  (132  miles)  must  also  fall  to  tho  Govornmont,  as  tho  Great 
Indian  Peninsular  Company  havo  declinod  to  accept  it.  As  thero  is  but 
littlo  chance  of  this  lino  paying  for  an  indoflnito  period,  if  carriod  out  in 
the  usual  manner,  it,  is  recoinmeniloil    that   if    diould  he  a  light   line  ol'   about. 

8ft.  6ln,  gauge  Branches  to  tho  Croat  Indian  Peninsular  Hallway,  if  con- 
structed cheaply,  aro  admitted  to  bo  desirable,  but  proper  precautions  should 
be  taken  to  limit,  tho  outlay  upon  them.  The  samo  remarks  also  apply  to  the 
hi  -a  n>  hos  to  tho  Bombay  and  Baroda  Railway.  The  Ahmedabad  to  \  Berun- 
gaum  and  Wudwan  (73  miles)  might  bo  given  to  the  Bombay  and  Baroda 
Company,  subjoct  to  similar  precautions  respocting  the  outlay  on  its  con- 
struction. Tho  Kattywar  linos  should  receive  early  consideration,  and 
might  be  carriod  out  by  tho  atato.  Tho  railway  from  Rangoon  to  Prome 
(160  miles),  which  is  also  rocommondod  to  bo  carriod  out  by  tho  stato,  cou- 
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eludes  the  review  of  those  lines  to  which  it  is  considered  immediate  atten- 
tion required. 

The  third  despatch,  dated  March  22nd,  1S69,  discussed  generally  the 
question  of  the  administration  and  construction  of  Indian  railways,  stating 
that  everything  which  tended  to  increase  the  railway  income,  and  to  reduce 
the  charges  for  management  directly  operated  on  the  payments  under  the 
guarantee.  They  were  of  opinion  that  a  far  more  rigid  scrutiny  must  be 
exercised  over  those  constant  additions  to  the  guaranteed  capital  of  the 
numerous  companies  for  minor  additions  and  improvements.  When  it  was 
considered  that  the  guaranteed  railway  capital  would  before  many  years 
almost  certainly  amount  to  £100,000,000,  on  which  the  interest  charge 
would  would  be  £5,000,000,  and  that  the  receipts  were  gradually  approach- 
ing to  double  that  amount,  the  vast  proportions  of  the  stake  which  the 
Government  had  in  those  works  would  be  hotter  appreciated.  The  gross 
traffic  earnings  of  the  Indian  railways  at  the  present  time  already  exceeded 
£6,000,000,  a  sum  greater  than  the  entire  revenues  of  the  North-West 
Provinces,  and  when  the  receipts  sufficed  to  cover  the  guaranteed  interest 
they  would  exceed  the  revenues  of  any  province  of  India  excepting  Bengal, 
and  amount  to  one-fifth  of  the  whole  revenues  of  the  country.  In  like 
manner  the  railway  current  expenditure,  which  was  now  about  £3,000,000, 
nearly  equalled  the  whole  expenditure  of  the  Madras  presidency,  excluding 
the  army,  and  exceeded  that  of  the  North-western  Provinces.  They  very 
earnestly  submitted  that  the  Government  of  India  should,  as  far  as  practi- 
cable, be  henceforth  left  to  be  the  final  authority,  acting  through  the  several 
local  governments,  in  respect  to  all  the  details  of  transactions  arising  in 
India  between  the  guaranteed  railways  and  the  Government ;  and  that  the 
Secretary  of  State  should  reserve  to  himself  the  management  in  detail  of 
business  arising  in  England.  It  would  always  be  their  wish  to  conform  to 
the  SJft.  gauge,  if  the  financial  objections  to  it  were  not  insuperable ;  but 
they  hoped,  when  the  prospects  from  any  contemplated  system  of  lines  were 
not  satisfactory,  to  be  authorised  to  construct  them  on  a  narrow  gauge  of, 
say  3|ft.,  instead  of  the  ordinary  broad  Indian  gauge  of  5£ft.  In  conclusion, 
the  despatch  stated  that  the  time  has  come  when  India  should  cease  to 
lean  exclusively  upon  English  engineers  in  dealing  with  its  railways,  and 
should  commence  the  regulation  of  these  works  in  more  strict  conformity 
to  the  special  wants  and  special  means  of  the  country  itself.  But  to  ensnro 
proper  success,  the  control  of  these  undertakings  must  be  exercised  in  India 
both  as  regards  the  essentials  of  construction  and  management. 

The  following  reply  of  the  Duke  of  Argyle,  Secretary  of  State  for  India, 
to  these  despatches,  is  so  important  that  we  give  it  in  exlenso : — 

•'India  Office,  London,  July  15th,  1869. 
"  My  Lord, — 1.  I  have  had  under  consideration  in  council  your  despatches 
replying  to  three  from   Sir  Stafford  Northcote,    on   the  general  subject  of 
railway  extension  in  India,  and  exhibiting  the  views  of  your  Excellency  in 
Council  as  to  the  railway  policy  fitting  to  be  pursued  in  future. 

"2.  The  subject  is  arranged  by  you  under  three  heads,  each  of  which  you 
have  found  it  convenient  to  treat  separately  ;  the  most  suitable  agency  for 
the  construction  of  railways  being  discussed  in  the  first  of  your  despatches, 
the  relative  claims  of  particular  lines  to  early  construction  in  the  second, 
and  certain  special  questions  connected  either  with  construction  or  subse- 
quent administration  in  the  third. 

"  3.  Under  the  first  and  third  heads  some  weighty  matters  are  considered, 
into  which  it  is  unnecessary  that  I  should  enter  at  all  minutely,  inasmuch 
as  I  concur  generally  in  your  reasoning  regarding  them,  and  in  the  more 
important  of  the  conclusions  at  which  you  have  arrived.  Whatever  may 
have  been  the  strength  of  the  considerations  which,  twenty  years  ago, 
induced  the  Government  to  entrust  to  guaranteed  companies  the  construc- 
tion of  railways  in  India,  I  concur  with  your  Excellency  and  with  the  late 
Viceroy  in  opinion  that  the  time  has  now  arrived  when,  both  in  raising  and 
in  expending  such  additional  capital  as  may  be  required  for  new  lines  in 
India,  the  Government  should  secure  for  itself  the  full  benefit  of  the  credit 
which  it  lends,  and  of  the  cheaper  agencies  which  ought  to  be  at  its  com- 
mand. Her  Majesty's  Government  has  already  sanctioned  the  construction 
of  a  line  from  Lahore  to  Kawul  Pindee  on  this  system,  and  the  preliminary 
survey  for  a  railway  from  Carwar  to  Hooblee.  The  greater  number  of  the 
lines  indicated  by  your  lordship  as  of  prominent  importance  (and  especially 
those  running  mainly  through  independent  native  states),  are  lines  to 
which  the  new  system  ought  to  be  applied.  The  formation  of  branches  and 
of  subsidiary  extension  of  existing  lines,  where  such  extensions  are  of  com- 
paratively small  extent,  may  perhaps  be  more  conveniently  left  in  the 
hands  of  the  guaranteed  companies. 


"  It  is,  of  course,  obvious,  as  pointed  out  in  the  40th  paragraph  of  Lord 
Lawrence's  minute,  that  the  financial  success  of  a  railway  depends  as  much 
on  the  limitation  of  its  cost  as  on  the  magnitude  of  its  traffic,  and  that, 
whether  Government  agency  be  employed  or  not,  too  much  attention  cannot 
be  paid  to  economy  in  construction,  to  the  selection  of  lines  not  involving 
heavy  works,  and  to  the  careful  avoidance  of  all  expenditure  not  absolutely 
required  lor  the  stability  of  the  works  or  the  accommodation  of  the  traffic. 
I  trust  that  the  direct  control  of  the  Government  that  will  be  exercised  on 
the  state  railways  will  insure  full  attention  being  given  to  these  considera- 
tions. 

"  5.  In  your  Excellency's  despatch,  No.  24,  of  llih  March,  while 
dwelling  on  the  defective  control  of  the  Government  under  existing  con- 
tracts with  the  guaranteed  railway  companies,  you  remark,  with  reference 
to  any  new  arrangement  which  should  be  made  with  such  companies  (in 
17th  and  18th  paragraphs),  that  the  simple  power  of  taking  over  the  works 
from  the  companies,  in  the  event  of  their  not  being  carried  on  to  the  satis- 
faction of  the  Government,  would  suffice,  and  be  preferable  to  any  special 
coercive  stipulation  ;  and,  secondly,  you  urge  that  a  different  system  should 
be  adopted  in  dividing  the  net  profits  above  the  guaranteed  rate  of  interest 
be  dropped  as  unnecessary.  You  consider  it  important  that  no  work,  even 
in  extension  of  their  present  undertakings,  should  be  entrusted  to  com- 
panies except  on  these  two  conditions. 

"6.  Both  of  these  stipulations  are  unquestionably  right  in  principle. 
The  first  of  them  ought  to  he  made  applicable  to  all  cases,  and  the  second 
of  them  to  all  cases  in  which  the  new  amount  of  capital  to  be  expended  is 
sufficient  to  make  it  worth  while  to  establish  a  separate  system  of  account, 

"  7.  To  certain  portions  of  the  second  of  your  despatches  an  immediate 
reply  is,  however,  requisite.  In  that  despatch  the  following  list  is  given 
of  railway  projects  which  have  been  suggested  for  early  adoption,  and 
which  yon  consider  will,  in  conjunction  with  those  either  already  executed 
or  in  process  of  execution,  form  a  network  of  lines  of  an  aggregate  length 
of  15,000  miles,  threading  every  part  of  India  to  which  railway  communi- 
cation for  the  present  can  be  judiciously  extended  : — 


12.  Kulburga  to  Hyderabad. 

13.  Junction  of  North-East    and 

South-East  Branches  of  th» 
Great  Indian  Peninsula  Bail- 
way. 

Branches  to  Great  Indian 
Peninsula  Railway 

Branches  to  Bombay  and 
Baroda  Railway. 

16.  Ahmedabad    to    Veerungaum 

and  Wudwan. 

17.  Kattywar. 

18.  Rangoon  to  Prome. 


ll- 


lS. 


Indus  Valley. 

Rajpootana. 

Kumaon  Iron  Works. 

Kooshtee  to  Darjeeling. 

East  Coast,  Northern  Section. 

East  Coast,  Southern  Section. 

Branches  of  Madras  Railway. 

8.  Extension  of  Great   Southern 

of  India  line  to  Tuticorin. 

9.  West  Coast,  Southern  Section. 

10.  AVest  Coast,  Northern  Section, 

comprehending     line     from 
Carwar  to  Hooblee. 

11.  Mysore. 

"8.  Of  these,  Nos.  3,  4,  7,  8,  15,  and  16,  are  considered  to  be  so  con- 
nected with  undertakings  of  existing  companies  as  to  give  to  the  latter  a 
natural  hope  and  expectation  that  they  will  be  entrusted  with  their  con- 
struction, provided  they  are  willing  to  accept  it  on  certain  specified  con- 
ditions, differing  somewhat  materially  from  those  of  existing  contracts. 
For  the  remaining  projects  Government  agency  would,  you  consider,  be 
decidedly  preferable,  and  with  respect  to  four  of  these,  viz.,  Nos.  1,  2,  12, 
and  part  of  10,  you  recommend  that  preparations  be  at  once  made  for  the 
commencement  of  constructive  operations. 

"  9.  Thus,  with  regard  to  the  upper  portion  of  the  Indus  Valley  line,  or 
the  part  between  Mooltan  and  Sukkur,  you  desire  to  have  forthwith  com- 
pleted all  necessary  surveys  for  obtaining  a  definite  and  final  project  and 
estimate,  on  receipt  and  approval  of  which  executive  work  might  be 
immediately  commented :  while  with  regard  to  the  lower  portion  from 
Sukkur  to  Kotree,  you  are  anxious  that  inquiries  should  be  pushed  on  for 
determining  whether  or  not  it  is  advisable  to  combine  the  excavation  of  an 
irrigation  canal  with  the  formation  of  the  railway  works. 

10.  In  reference  to  Rajpootana,  you  are  already  satisfied  as  to  the  course 
which  the  line  from  Ajmere  to  Delhi  should  take,  and,  in  anticipation  of 
sanction,  are  about  to  have  that  line  at  onee  surveyed,  marked  out,  and 
commenced,  further  inquiries  being  made  simultaneously  with  the  view  of 
determining  the  exact  direction  of  the  branch  to  Agra.  You  also  propose 
to  take  early  steps  for  deciding  the  best  direction  for  a  line  running  south- 
ward from  Ajmere  to  Bombay. 

11.  The  line  from  Kulburga  to  Hyderabad  you  also  describe  as  one  that 
should  be  taken  up  at  once ;  while  for  a  line  from  the  port  of  Carwar  to- 
Hooblee,  surveys  are,  I  presume,  actually  in  progress,  uuder  the  recent 
instructions  sent  by  me  to  the  Government  of  Bombay. 

12.  The  measures  which  you  propose  to  take  regarding  the  Indus  Valley 
line  are  approved.  It  will  suffice  for  the  present,  to  undertake  by  Govern- 
ment agency  the  upper  section  of  this  line  from  Mooltan  to  Sukkur,  leaving 
for  future  inquiry  and  consideration  the  extension  of  the  line  to  Hyderabad 

.or  Kotree.     By  limiting  the  work  to  be  performed  by  the  Indus  flotilla  to 
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the  navigation  of  the  river  between  Sukkur  and  Kotree,  the  communica- 
tion from  Kurrachee  to  the  north-west  frontier  will  be  greatly  facilitated, 
pending  the  completion  of  the  railway  throughout  the  entire  length. 

"  13.  Your  proposal  to  take  immediate  measures  for  carrying  on  lines 
from  Delhi  and  Agra  to  Jeypore  and  the  Sambur  Lake,  and  from  Eulhurga 
to  Hyderabad  are  also  approved. 

"  14.  No  time  should  be  lost  in  completing  the  surveys  and  investigations 
necessary  for  the  preparation  of  complete  and  reliable  estimates,  which 
must  be  submitted  to  me  in  a  condensed  form  before  actual  construction  is 
commenced. 

"  15.  In  the  ultimate  prosecution  of  these  works,  I  consider  it  to  be  a 
matter  of  the  first  importance  that  the  principle  laid  down  in  the  41st 
paragraph  of  your  despatch,  No.  25,  should  be  carefully  observed,  viz., 
'that  the  actual  expenditure  on  the  several  railways  be  strictly  limited 
year  by  year  on  a  regularly  arranged  budget  estimate  to  a  certain  fixed 
aggregate  amount.' 

"16.  The  selection  of  the  lines  to  be  taken  up  in  the  first  instance  must 
he  regulated  by  this  consideration,  as  well  as  by  the  relative  importance  of 
the  lines,  and  by  the  supply  of  labour  to  be  obtained,  without  detriment 
to  agriculture  or  to  the  progress  of  other  public  works. 

"  17.  I  recognise  the  truth  of  your  remark,  that  it  would  be  '  a  mistake 
to  attempt  to  force  on  the  construction  of  works  of  this  class  in  a  manner 
which  will  seriously  increase  their  first  cost;'  but  I  am  satisfied  that  it 
would  be  more  advisable  to  confine  your  operations  in  the  first  instance  to 
a  few  lines,  and  to  carry  them  out  to  completion  as  fast  as  may  be  con- 
sistent with  economy  of  construction,  rather  than  to  commence  work  on  a 
large  number,  and  so  to  limit  unduly  the  funds  available  for  each,  and  to 
prolong  the  time  during  which  the  capital  would  remain  unproductive. 

"  18.  In  speaking  of  the  Eajpootuna  project,  you  observe  that,  whether 
the  connection  between  Ajmere  and  Baroda  be  effected  via.  Deesa  and 
Ahmedabad,  or  via  Neemucb,  a  line  from  Iudore  to  Neemuch  and  Ajmere 
may  be  indispensable.  I  am  disposed  to  concur  in  this  opinion,  which 
leads  me  to  the  further  conclusion  that  if  this  link  in  the  communication 
between  Bombay  and  Delhi  be  supplied,  the  extension  of  the  Bombay, 
Baroda,  and  Central  India  Railway  into  Rajpootana,  either  by  Deesa  or  by 
Rutlam,  may  well  be  deferred  until  several  more  important  lines  shall  have 
been  completed. 

"  19.  Railway  communication  between  Carwar  and  the  interior  is,  I 
observe,  treated  by  you  iu  connection  with  what  is  termed  the  northern 
section  of  the  West  Coast  Railway,  and  as  if  there  were  to  be  lateral 
branches  from  Carwar  north  and  south  along  the  coast.  The  utility  of 
such  branches  is  not  at  all  clear  to  me.  I  should  rather  have  supposed 
that,  if  Carwar  was  connected  by  rail  with  the  great  cotton  field  beyond 
the  Ghauts,  the  traffic  of  that  district  would  naturally  concentrate  itself 
in  Carwar,  instead  of  being  distributed,  as  at  present,  among  a  number  of 
small  rival  marts  and  ports. 

"  20.  Of  the  projects  on  your  list  recommended  for  construction  by 
rninent,  the  four  specified  above  are  the  only  ones  on  which  immediate 
instructions  are  needed.  Of  those,  however,  which  may  be  regarded  as 
extensions  of  the  works  of  existing  companies,  there  are  some  on  which  it 
is  nnadviaable  that  decision  should  be  needlessly  delayed.  Offers  shall 
immfdiately  be  made,  on  the  conditions  recommended  by  you,  to  the 
Bombay,  Baroda,  and  Central  India  Railway  Company  of  the  proposed 
extension  from  Ahmedabad  to  Veerungaum  and  Wudwan.  And  similar 
offers  will  likewise  be  made  to  the  Indian  Tramway  Company  aDd  to  the 
Great  Southern  of  India  Railway  Company,  respecting  lines  from  Arconum 
to  Cud  lalore  and  from  Trichinoply  to  Tuticorin.  With  reference  to  your 
suggestion  that  lines  running  parallel  to  the  coast  might  be  preferable  to 
those  hitherto  proposed,  I  will  only  say  that  it  appears  to  me  to  be  at  least 
doubtful  whither  railways  along  either  the  eastern  or  western  coasts  can 
be  among  the  number  of  those  lines  which  press  for  very  early  Considers 
tion.  Railways  running  parallel  with  the  coust  must  necessarily  come  more 
or  less  into  competition  with  the  route  by  sen,  and  it  would  therefore  seem 
expedient  that,  such  Una*  should  he  deferred  until  the  inland  communica- 
tions have  been  farther  developed. 

"21.  Your  excellency  considers  that  ;i  railway  in  extension  of  the 
Eastern  Bengal  Line  from  Koosbtee  to  Titolyah  at  the  foot  of  the  Darjeeling 
Hills,  is  one  which  c  ommenda  itself  for  early  const  ruction  on  many 
grounds  of  policy.  Though  believing  that  this  line  will  ultimately  be 
required,  I  am  not  satisfied  of  the  priority  of  its  claim  to  the  attention  of 
Government,  especially  as  regards  the  upper  halt  of  the  line;  but  Lam 
prepnred  to  sanction  the  preliminary  survey  and  estimate  of  a  line  from 
ditee  to  Bugwah  on  the  Megns,  which  in  itself  would  be  Of  .creat  com- 
mercial value,  and  would  he  :i  starting-point  for  future  extensions  to  Dar- 
jeeling on  the  one  hand,  and  into  the  valley  of  Afjuun  on  the  other. 

"  22.  On  the  subject  of  a  railway  to  the  Kumaon  Ironworks  I  addressed 
you  some  time  ago  in  a  separnte  despatch. 

"23.  Regarded  as  a  whole,  I  may  observe  generally  that  the  arrange- 
ments proposed  by  you  in  despati  lies  under  acknowledgment  appear  to  me 
well   adapted  for  providing   in   India,    gradually,   regularly,   and   with  nil 


advisable  rapidity,  a  fairly  complete  national  system  of  railway  communi- 
cation. The  success  of  the  arrangements  must,  however,  in  great  measure 
depend  on  the  character  of  the  machinery  created  for  the  purpose  of  giving 
them  effect,  and  I  shall  be  glad  to  be  informed  somewhat  in  detail  how  you 
propose  to  proceed  iu  that  essential  particular. — I  have,  &c,  Abgyix." 

Upon  reference  to  the  map  of  India  (Plate  352),  the  necessity  for  the  early 
construction  of  most  of  the  lines  here  mentioned  will  be  obvious,  but  there 
are  a  few  of  them  which  wo  think  call  for  further  remark.  Thus,  as  regards 
the  Indus  Valley  Railway,  it  is  said  that.  "  opinion  is  still  divided  as  to  the 
best  line  to  occupy  below  Sukkur,  and  whether  the  right  bank  or  the  left 
bank  of  the  Indus  should  be  followed;  "  and,  again,  "  there  may  be  some 
doubt  as  to  the  agenc}-  by  which  this  railway  should  be  carried  out."  In 
consequence  of  this  uncertainty  it  appears  that  a  portion  only  of  the 
"missing  link,"  as  it  is  usually  called,  is  recommended  to  be  commenced  at 
one  end  only.  The  vital  importance  of  the  speedy  construction  of  this 
"  missing  link  "  will  be  evident  when  it  is  considered  that  at  present  the 
only  communication  between  Kotree  and  Mooltan  is  by  means  of  tho  Indus 
steam  flotilla,  the  distance  by  water  being  about  GOO  miles.  In  spite  of 
all  the  efforts  which  have  been  made  to  render  this  communication  as  por- 
fect  as  possible,  the  shallowness  of  the  Indus,  combined  with  the  treacherous 
nature  of  its  bed,  causes  this  service,  even  under  the  most  favourable  cir- 
cumstances, to  be  quite  inadequate  to  accommodate  the  demands  of  Govern- 
ment and  the  necessities  of  the  commerce  engendered,  or  which  should  bo 
engenderod  by  the  Punjaub  Railway  system,  the  average  passage  botwoon 
Kotree  and  Mooltan  being  9£  days  for  the  down,  and  20  days  for  the  up 
trip.  As  long  as  the  l:  missing  link  "  is  unfinished,  it  cannot  be  expected 
that  the  Punjaub  railways  will  command  sufficient  traffic  to  recoup  tho 
Govomment  sufficiently  to  make  up  their  guaranteo  ;  thus  leaving  theso 
lines,  which  ought  to  pay  a  handsome  dividend,  a  considorablo  burden  to 
the  revenue.  There  is  no  doubt  that  that  portion  of  tho  "  missing  link  " 
— the  commencement  of  which  has  just  beon  sanctioned — viz.,  from  Sukkur 
to  Mooltan,  is  most  needod,  as  it  will  obviate  the  necessity  for  navigating 
the  worst  portion  of  the  Indus,  moro  than  a  weok  being  occupiod  at  times 
in  passing  the  first  fifty  miles  below  Mooltan.  When,  however,  it  is 
rememborod  that  this  portion  already  sanctioned  is  considerably  moro  than 
one  half  tho  total  length  of  the  "  missing  link,"  it  is  impossible  to  imagine 
that  the  Secretary  of  State  for  India  would  hesitate  to  sanction  tho  two 
hundred  and  odd  miles  necessary  for  its  completion. 

As  rogards  the  quostion  whether  tho  lino  should  ho  made  on  tho  right  or 
tho  loft  hank  of  tho  Indus,  or  partly  on  tho  right  and  partly  on  tho  loft — viz., 
from  Mooltan  to  Sukkur  on  tho  left,  and  Sukkur  to  Kotroo  on  tho  right — 
considerable  difference  of  opinion  exists.  Tho  proposal  to  construct  tho  lino 
entirely  on  tho  right  bank  is  evidently  tho  most  exposed  to  depredation  and 
interruption  from  the  lawless  and  unsottlod  charactor  of  tho  frontier  tribes, 
and  consequently  for  political  reasons  alono  it  is  most  unsuitablo.  Wo  nood 
not,  therefore,  tako  into  consideration  tho  engineering  difficulties  botwoon 
Mooltan  and  Sukkur.  which  would  include  the  crossing  of  tho  Chenab  and 
Indus  rivers,  through  tho  Dorajat,  and  across  80  miles  of  flooded  country 
botwoon  Kusmoro  and  Sukkur  As  regards  tho  two  othor  alternatives,  viz., 
whothor  tho  railway  should  be  constructed  wholly  on  tho  left  bank  of  tho 
Indus,  or  on  tho  loft  hank  from  Mooltan  to  Sukkur,  and  thenco  on  tho 
hank  to  Kotree,  wo  think  that  either  from  a  political,  commorciaL  or 
onginooring  point  of  view  tho  loft  hank  is  superior.  Tho  objections  already 
made  with  respect  to  the  propinquity  to  tho  frontier  tribes,  must  still  be 
urgod  against  the  right  bank  scheme  from  Sukkur  to  Kotree.  With  rogard 
commercial  features,  thoro  appoars  to  bo  somo  difl'oronco  of  opinion 
as  to  tho  amount  of  local  traffic  on  tho  two  sides  of  tho  Indus,  hut  as  tho 
through  traffic  on  the  ■•missing  link  ''  would  bo  80  enormously  in  excess  of 

any  local  traffic,  il  Le  evident  that  the  shortest  line  would  bi    the  best,  and 

a  glanco  at  the  map  will  at  onco   decide   tho  question    i 

bank.     With  respect  to  tho  engineering  considerations,  wo  have  the  eminent 

authority  of  Mr.  John  Brunton,  c.K..  who,  in  bis  report  npon  the  re  i ti\.« 

routes,  after  characterising  the  right  bank  routo  in  it  I  entirety  B   "gigantic 
blunder,'1  shows  thai  tho  route  on  th<«  ie.fi  i  mi    ,vouM  ho  :i.'i  miles  shorter 
than  that  oU  the  right,  and  cost  over  £1,000,000  leas  money.    Tl  • 
of  tho  Iudus  ho  also  shows  would  bo  attended  bj  tar  Le     difficulty  al  Kotroo 
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than  at  Sukkur,  at  the  former  place  the  piers  of  a  bridge  could  be  founded 
■without  excessive  cost,  and  there  is  nothing  to  compel  an  extraodinary  span 
for  each  opening,  -while  at  Sukkur  the  inevitable  magnitude  of  the  span  of 
the  principal  opening,  viz.,  600ft.,  renders  it  a  formidable  undertaking- 
Besides  the  vast  difference  in  the  -width  of  span,  the  Sukkur  bridge  would 
have  to  be  erected  70ft.  above  high  flood  level,  but  as  very  few  boats  pass 
clown  below  Kotree  the  headway  need  not  be  more  than  15ft.  above  high 
flood  level,  with  a  swing  span  for  the  occasional  passage  of  steamers.  Col. 
Phillips,  when  Deputy  Collector  of  Sehwan  and  Kotree,  reports  upon  the 
difficulties  to  be  encountered  on  the  right  bank  as  follows : — 

"1st.  The  liability  of  portions  between  Kotree  and  Omurpoor  and 
between  Futtahpoor  and  Eookun,  to  inundation,  both  from  the  river  and 
the  hills. 

"2nd.  The  Lukkee  Pass,  a  range  of  hills  which  cannot  be  avoided,  and 
about  six  miles  in  length,  greatest  height,  say,  1,000ft. 

."3rd.  The  following  large  hill  streams  and  rivers  requiring  bridges  : — 
1st.  The  Mohun,  a  hill  stream  with  deep  sandy  bottom,  near  Sunn,  Talooka, 
Mahajunda,  and  about  400yds.  wide.  2nd.  The  Arul  river  at  Sehwan, 
100yds.  wide,  never  dry.  3rd.  The  Phitta  Canal,  in  two  places  ;  the  first 
requiring  a  bridge  of  85ft.,  and  the  second  of  65ft.  waterway. 

"1th.  The  Pattahpoor  and  Eookun  depression,  about  six  miles  long, 
always  inundated  to  a  depth  of  from  1  to  6ft.,  and  requiring  an  embank- 
ment the  whole  way  ;  minor  water  channels,  canals,  &c,  are  of  course  not 
mentioned." 

With  regard  to  the  left  bank  scheme,  with  the  exception  of  the  bridge 
across  the  Indus  at  Kotree,  there  do  not  appear  to  be  any  engineering 
■works  of  any  magnitude,  as  the  line  would  traverse  a  level  country,  but 
sufficiently  elevated  to  be  above  the  flood  level  of  the  Indus.  The  only 
objection  which  can  reasonably  be  urged  against  the  left  bank  is  the  proba- 
bility at  some  future  period  of  making  a  line  from  Sukkur  to  Jacobabad 
and  Dadur  to  intercept  trade  from  Central  Asia.  How  long  it  may  be  before 
this  branch  is  constructed,  or  whether  it  will  be  made  at  all,  we  will  leave 
out  of  the  question,  but  supposing  it  to  bo  constructed,  there  would  be  no 
difficulty  in  having  a  steam  ferry  across  the  river  to  a  station  at  Eohree, 
above  tho  Sukkur  Pass. 

From  these  statements  it  appears  that  whether  the  question  is  considered 
from  a  political,  commercial,  or  engineering  point  of  view,  the  left  bank  is 
decidedly  superior  to  the  right  bank  of  the  Indus,  for  the  formation  of  the 
"  missing  link." 

Darjeeling  railway,  Kooshtee  to  Titalyah  (210  miles). — The  neccessity 
for  establishing  a  line  of  communication  between  Darjeeling  and  the 
^North-West  Provinces  of  India,  also  between  Darjeeling  and  Culcutta 
— the  one  fo  laod  itical,  and  the  other  for  commercial  purposes — is 
admittedly  very  great,  but  the  reasons  for  choosing  the  route  here  men- 
tioned is  not  so  obvious.  In  the  adjourned  discussion  on  the  subject  of  the 
"  waste  lands  in  India,"  which  took  place  at  the  Society  of  Arts,  on  the  21st 
of  May  last,  Mr.  T.  Login,  C.E.,  recommended  a  line  which  was  to  start  from 
Bajmahal  crossing  the  River  Mahanuddee  at  Maldah,  where  it  has  a  deep 
well-defined  channel,  and  then  passing  up  between  the  drainage  of  the 
Ganges  and  Brahmapootra  to  Darjeeling.  By  this  means  advantage  is 
taken  of  the  East  India  Bailway,  which  is  already  made  for  nearly  half  the 
distance,  while  with  the  exception  of  a  small  portion  of  the  remainder, 
it  offers  no  engineering  difficulties.  This  portion,  of  about  15  or  20  miles 
has  a  river,  or  rather  a  creek,  which  is  navigable  for  nearly  five  months  in 
the  year,  while  the  Ganges  is  in  flood.  As  the  Ganges  is  at  that  time  about 
five  miles  broad,  and  as  a  steam  ferry  would  at  all  times  be  necessary,  the 
steamers  could  run  up  the  whole  distance  during  the  floods.  At  other 
times  there  would  be  no  difficulty  in  running  over  the  natural  soil,  which  is 
practically  level.  If  Mr.  Login's  theory  of  the  abrading  and  transporting 
power  of  water  be  correct,  there  would  be  no  danger  to  the  railway  in  a 
flood,  even  if  it  covered  the  rails.  It  is  evident  that  if  the  water  can  flow 
through  fields  of  rice  without  injuring  them,  as  is  the  case  in  this  district, 
it  cannot  do  any  damage  to  the  rail=,  and  therefore  the  line  might  be  con- 
structed very  cheaply.  , 

With  respect  to  the  extension  of  the  Eastern  Bengal  line  to  Kooshtee, 


near  Pubna,  we  fear  there  would  be  great  engineering  difficulties  owing  to 
the  peculiarity  of  the  effects  of  the  monsoons  on  the  rivers  Brahmapootra 
and  the  Ganges.  For  instance,  the  rains  which  begin  on  the  Arracan  coast 
early  in  May,  run  along  through  Assam  in  June,  and  along  the  south  of 
the  Himalayas  about  the  middle  of  June,  and  consequently  the  Brahma- 
pootra is  in  flood  long  before  the  Ganges.  From  this  circumstance  it  ia 
found  that  at  one  period  of  the  year  the  Ganges  actually  flows  backwards 
in  consequence  of  the  rise  of  the  Brahmapootra,  and  has  to  escape  through 
the  numerous  outlets  in  the  delta.  On  the  cessation  of  the  floods  in  the 
Brahmapootra  the  Ganges  has  about  attained  its  maximum  height,  and 
remaining  in  flood  long  after  the  Brahmapootra  has  subsided,  continues  its 
course,  or  forces  its  passage  eastward,  across  the  Brahmapootra  into  the 
Bay  of  Bengal.  This  is  well  illustrated  in  a  very  able  and  interesting 
paper  "On  the  recent  changes  in  the  Delta  of  the  Ganges,"  by  Mr. 
Fergusson,  which  was  read  before  the  Geological  Society  (Quarterly 
Journal,  1863),  and  from  which,  in  order  to  establish  our  position,  we  take 
the  liberty  of  making  the  following  extracts.  Thus  in  speaking  of  the 
original  bed  of  the  Brahmapootra,  he  says,  "  we  know,  that  though  a  con- 
siderable body  of  water  may  flow  that  way  in  the  rains,  yet  during  nine 
months  in  the  year  a  creek,  or  rather  a  chain  of  ponds  100ft.  or  200ft. 
wide,  and  everwhere  fordable,  represents  the  river,  that  a  little  more 
than  half  a  century  before  flowed  through  that  country  in  seven-mile 
reaches,  and  with  a  breadth  of  more  than  a  mile  and  a  half,  even  in  the 
dry  season,"  showing  the  enormous  change  to  which  this  part  of  the 
country  is  still  liable.  Again,  when  treating  upon  the  river  Jennai,  Mr. 
Fergusson,  when  considering  the  changes  of  its  course  in  this  locality, 
rather  quaintly  says  : — "  In  the  meanwhile  the  river  is  nearly  where  it  is 
shown  upon  the  map,  but  it  is  never  exactly  in  the  same  place  for  two 
successive  years,  being  young  and  active,  and  roaming  through  a  new  and 
unconsolidated  country.  It  may  also  be  mentioned  that  the  city  of  Suraj- 
gunge — the  largest  and  most  important  mart  in  that  part  of  the  country — 
is  somewhere  in  that  neighbourhood  now,  but  not  where  marked  on  the  map, 
of  course,  as  it  is  annually  obliged  to  accommodate  itself  to  the  vagaries  of 
the  stream  and  change  its  locality.  It  may  be  ten  miles  further  down,  or 
five  miles  further  east  or  west;  but  it  is  somewhere  thereabout ;  and  that  is 
all  the  information  geographers  can  hope  for  in  a  country  where  land  can 
only  be  classed  with  floating  capital."  When  treating  upon  the  behaviour 
of  the  Jessore  group  of  rivers  at  the  time  of  the  monsoons,  Mr.  Fergusson 
says,  that  near  the  junction  with  the  Ganges  and  the  Brahmapootra, 
one  river  sometimes  has  the  advantage,  nearly  driving  the  other  out  of  its 
course  : — "  For  the  first  month  of  the  inundatation  the  water  of  the  Ganges 
above  Jaffergunge  almost  flows  backwards,  and'  the  Echamuttee  at  Pubna 
flows  into  the  Ganges,  instead  of  out  of  it;  and  during  this  season  the 
deposit  is  very  considerable.  But  during  the  last  month  of  the  rains,  when 
the  waters  of  the  Brahmapootra  have  nearly  run  off,  the  immense  body  of 
water  spread  over  the  vast  plains  of  Hindostan  rushes  into  the  partially 
deserted  bed  of  the  Brahmapootra,  which  then  acts  as  a  waste  water 
reservoir,  and  with  a  force  that  to  a  great  extent  clears  out  the  deposit  of 
earlier  months,  and  so  restores  equilibrium."  "  This  has  been  so  entirely 
the  case  of  late  years,  that  the  Ganges  has  straightened  its  course  very 
considerably  below  the  head  of  the  Jellinghy.  The  first  result  of  this 
was  to  cut  off  a  great  six-mile  bend  on  the  left  bank,^'«s^  above  Pubnam 
This  took  place  some  thirty  years  ago.  Within  the  last  two  years  it  has 
cut  off  the  next  bend  on  the  right  bank,  leaving  the  Kooshtee  station  of 
the  Eastern  Bengal  railway,  some  two  or  three  miles  below  the  head  of 
Gorai,  instead  of  two  miles  above  it  on  the  Ganges,  as  it  originally  was, 
and  was  designed  to  be."  Again,  when  giving  a  description  of  the  neigh- 
bouring country,  he  says — "  The  fall  of  the  country  between  Pubna  and 
Jaffergunge  is  only  about  7ft.  .  .  .  hut  if  at  any  time  the  waters  of 
the  Brahmapootra  should  be  7ft.  lower  than  those  of  the  Ganges,  the  slope 
will  be  doubled ;  and  if  10ft.,  the  scour  must  be  tremendous,  and  it  is 
believed  that  this  was  the  difference  when  the  last  bend  was  cut  off.  Mr. 
Fergusson  also  gives  an  amusing  instance  of  the  changes  brought  about  by 
these  rivers  to  show  how  fallacious  are  any  conclusions  drawn  from  borings. 
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He  says  : — I  myself  have  seen  the  bricks  which  formed  the  foundation  of 
a  house  I  bad  built,  carried  away  and  strewed  along  the  bottom  of  a  river 
at  a  depth  of  30ft.  or  40ft.  below  the  level  of  the  country.  Since  then 
the  river  has  passed  on,  and  a  new  village  now  stands  on  the  spot 
where  my  bungalow  stood,  but  40ft.  above  its  ruins,  and  any  one  who 
chooses  to  dig  on  the  spot  may  find  my  '  reliquiae '  there,  and  form  what 
theory  he  likes  as  to  their  antiquity,  or  my  age." 

After  quoting  these  examples  of  the  treacherous  nature  of  the  soil  at  the 
confluence  of  the  rivers  Brahmapootra  and  Ganges,  we  think  it  must  be 
evident  that  although  it  might  with  a  sufficient  expenditure  be  overcome, 
the  route  from  Rajmabal  would  be  far  superior  both  as  regards  cost  and 
convenience.  As  to  the  political  value  of  the  shorter  line,  we  merely  ask 
our  readers  to  look  at  the  map  of  India.  We  have  Nepaul  on  one  side  of 
Darjeeling  and  Bhootan  on  the  other,  while  most  of  our  military  are  can- 
toned in  the  North-West  Provinces  and  the  Punjaub,  consequently  the 
shorter  lino  of  communication  between  these  paits  and  Darjeeling  should 
be  of  importance.  It  is  evident  that  the  line  proposed  by  Mr.  Login  is 
several  hundred  miles  shorter  than  the  Kooshtee  route  for  this  purpose, 
as  the  trocqis  would  be  obliged  to  go  all  the  way  to  Calcutta  and  thence  up 
the  Eastern  Bengal  line,  as  pointed  out  by  Dr.  Campbell  during  the  con- 
ferences held  by  the  India  Committee  of  the  Society  of  Arts.  Another 
advantage  is  that  the  Rajmabal  line  would  pass  through  some  of  the  most 
populous  districts  of  Northern  Bengal,  viz.,  Maldah,  Dinajpore,  and  Pur- 
neah,  while,  by  bringing  the  traffic  of  these  districts  to  Rajuiahal,  it  would 
enable  this  portion  of  the  East  India  Railway  to  pay,  which  at  present  it  is 
not  likely  to  do,  in  consequence  of  the  chord  line,  which  has  caused  this 
portion  to  be  almost  useless  in  addition  to  the  double  expense  of  the  two 
lines.  The  necessity  for  carrying  the  traffic  from  Darjeeling  aDd  Northern 
Bengal  into  Calcutta  instead  of  into  Howra  on  the  opposite  bank  of  the 
Hooghly  is  difficult  to  understand.  The  only  difference  the  RRjmahal 
route  would  occasion  would  be  the  increasing  of  the  value  of  property  in 
Howra  at  the  expense  of  the  city  of  Calcutta,  but  surely  such  a  considera- 
tion COOld  have  no  weight  in  comparison  with  the  enormous  difference  in 
the  probable  cost  of  the  two  lines.  Moreover,  it  is  in  contemplation  to  form 
a  canal  of  pure  water  from  the  Damooda  to  Howra  and  its  vicinity:  when 
the  docks  which  have  long  been  proposed  on  the  Howra  side  could  be  filled 
from  this  canal,  which  would  probably  make  Howra  far  superior  to  Calcutta 
on  sanitary  ground''.  Can  it  be  for  this  reason  that  the  East  India  Railway 
Company  have  declined  to  go  to  the  expense  of  a  bridge  across  the 
Hooghly  p 

The  Rangoon  and  Prome  Railway  (1G0  miles)  is  recommended  by  the 
nor  l  leneral  of  India  in  Council  to  he  put  in  hand,  but  no  reasons  are 
stated  for  this  recommendation,  and  we  were  glad  to  see  that  Mr.  Grant 
Duff,  the  Under  Secretary  of  State  for  India,  threw  cold  water  on  the  sub- 
ject. As  the  Irrawiddy  is  one  of  the  finest  rivers  in  the  East,  and  is  always 
navigable  for  large  river  steamers,  and,  dnriog  the  rainy  season,  for  I 

ners  for  several  miles  above  Prome,  it  appears  absurd  to 
construct  a  railway  nearly  parallel  to  it  and  through  a  country  which  has 
hardly  one-tenth  the  population  per  square  mile  of  that  of  Bengal.  When 
by  Mr.  Login's  articles  on  "  Roads,  Railways,  and  Canals,"  lately  published 
in  Tin:  A::i  i/.w,  it  appears  thai  the  carriage  of  goods  on  the  Grand  Trunk 
road  me,    of  less   than    100  mil  r  than  from  England 

(round    the   Cape]  to  Calcutta,    whit    would   be   the   difference   of  cost  for 

bring  i  from  China  by  a  mountainous  road,  and  the  cost  of  cat 

round  by  aea  ?  What  teems  to  be  required,  fi  c  the  present  ai  least,  are 
foot  tracks,  or  rather  bridle  roads,  in  order  to  open  out  a  communication 

between   the  den-el y-populated    portioni  of  China  and  the  rich  hut  thinly- 

populated  di  fcricl  of  Bnrmah  and  \-  no.  This  latter  route — to  Assam 
rid  Cachar— for  political  n  ild  probably  be  the  mosi  easily  opened 

out,  as  shown  by   Dr.  Marry  in  the  disCUSSioD  DpOD  "Trade  between  A 

Thibet,  and  Western  China,"  in  the  Interesting  confi  renoes  of  the  Indian 
Committee  of  the  Society  of  Arl  and  to  which  we  call 

the  attention  of  cur  readers  as  containing  much  valuable  information  upon 
this  and  various  other  important  subjects  relating  to  India. 


HER  MAJESTY'S  SHIP  "  INCONSTANT." 

This  fine  frigate,  of  4,060  tons  measurement,  1,000-b.p.  (nominal)  of 
engines,  carrying  as  her  armament  ten  12  ton  9in.  and  six  6j  ton  7in. 
muzzle-loading  rifled  guns,  mounted  on  iron  carriages  and  slides — the 
pioneer  of  the  new  type  of  unarmoured  iron  built  war  frigates  introduced 
into  the  English  navy  by  the  present  Chief  Constructor — has  been  put 
through  her  official  speed  trial  at  her  load  draught  of  water  over  the 
measured  mile  in  Stokes  Bay,  near  Portsmouth,  and  by  the  exceptionally 
high  rate  of  speed  she  attained  more  than  confirmed  the  strongly  favourable 
opinions  of  her  powers  created  by  her  previous  performance  on  her  pre- 
liminary trials,  and  also  exceeded  the  estimate  of  her  speed  given  in 
officially  to  the  Admiralty  by  her  designer.  The  speed  trials  of  the  In- 
constant are  without  doubt  the  most  important  by  far  of  all  that  have  yefc 
been  made  over  the  measured  mile  in  this  country.  She  is  a  war  frigate 
designed  for  special  sendees,  requiring  exceptional  speed  under  steam,  and 
in  all  respects  intended  for  competition  with  the  flying  unarmoured  war 
frigates  lately  added  to  the  American  Navy,  and  whose  powers  for  offence 
and  flight  under  steam  have  been  so  highly  eulogised  in  the  official  docu- 
ments reporting  upon  their  trials  and  handed  in  by  the  officers  conducting 
them  to  the  secretary  of  the  United  States'  Navy.  In  the  American  official 
documents  the  Wampanoag  was  said  to  have  steamed  at  the  rate  of  16"7 
knots  per  hour  for  37  consecutive  hours,  in  a  strong  beam  sea  and  wind, 
over  a  given  distance  along  the  coast,  line.  This  was  stated  in  the  reports 
to  have  been  done  by  the  Wampanoag,  at  her  proper  seagoing  trim,  and 
with  all  weights  on  board  ;  but  now  this  is  flatly  contradicted  on  this  side 
the  Atlantic,  and  the  Wampanoag  is  asserted  to  have  attained  her  extra- 
ordinary rate  of  speed  under  conditions  different  from  those  given  in  the 
official  reports.  It  would  be  of  some  value  to  us  to  learn  the  exact  truth 
relating  to  the  trials  of  the  American  unarmoured  frigate,  in  order  that  we 
might  obtain  some  reliable  standard  by  which  we  could  measure  the  vaiue 
of  our  own  frigates  of  a  similar  character.  Sixteen  and  three-quarter  knots 
per  hour  continued  for  37  hours  by  the  Wampanoag  is,  on  the  face  of  the 
assertion,  an  almost  incredible  performance  for  any  ship  carrying  15iu. 
guns  and  exceptionally  heavy  weights  in  engines  and  boilers,  unless 
she  was  greatly  assisted  by  her  sails  and,  until  some  pre- 
cise information  be  given  as  to  how  the  distance  run  in  the  37 
hours  was  arrived  at,  the  Wampanoag  will  be  only  considered  really  to  be 
what  she  is  asserted  to  be  in  this  country — a  14  knot  ship;  and  in  that 
case  the  Inconstant  is  the  faster  ship  of  the  two  by  2£  knots  per  hour. 

On  weighing  her  anchor  from  Spitheacl  for  her  trial  the  Inconstant  drew 
20ft.  Sin.  of  water  forward,  and  24ft.  7in.  at  the  stern.  She  did  not  carry 
her  crew,  powder,  and  shell,  and  a  quantity  of  stores,  but  the  weight  of  all 
these  matters  was  placed  on  board  for  the  trial  in  the  shape  of  iron  ballast, 
and,  in  addition,  she  carried  about  40  tons  extra  weight  in  coals,  etc.,  so 
that  her  trials  were  made  at  a  draught  of  water  an  inch  or  so  in  excess 
of  what  it  will  be  when  the  ship  actually  proceeds  to  sea. 

Subjoined  are  the  results  of  the  trial.  Full  boiler  power,  measured  mile- 
runs  :  — 

No.  1. — Speed  of  ship,  IG'901  knots  ;  revolutions  of  engines — per  mile 
23!i,  per  min.  73'o  ;  steam,  3011). ;  vacuum  — forward  25-5,  aft  25*5. 

No.  2. — Speed  of  ship,  15*385  knots  ;  revolutions  of  engines — per  mile 
287,  per  min.  74;  steam,  301b. ;  vacuum — forward  86*6,  aft  86*6, 

No.  3. — Speed  of  ship,  17.S22  knots;  revolutions  of  engines — per  mile 
252,  per  min,  7.">  ;   steam,  801b,  ;  vacuum  —  forward  25*5,  alt  25"5. 

No.  I. — Speed  of  ship,  15  knots;  revolutions  ol  engines — per  mile  898, 

per  min.  7">  ;  steam.  311b;  vacuum  —  forward  26*6,  alt  2.")',"). 

No.  5. — Speed  of  ship.  18*367  knots;  revolutions  of  engines — per  mile 
2t;:>.  per  min.  75'5;  steam,  801b  ;  vacuum— forward  25*6,  an  26*6, 

No.  6.  —  Speed  el'  ship,  I  l'7*'l  knots;  revolutions  of  engines  -per  mile- 
304,  per  min.  7 •"<'."> ;   vacuum  forward  86*6,  aU  '!'<  5. 

Mean  speed  of  the  ship  under  full  boiler  power,  16*518  knots  per  hour! 
Mean  revolutions  of  the  engines  during  the  si  \  runs,  7  I' IS  per  minute: 
mean  steam  pressure  28'8251b. ;  indicated  power  by  the  engines,  7,848 
horse. 

Pull  boiler  power  circles,  12  men  at   the  wheel: — 

To  Port. —  Half  circle  made  in  3min,  2."isec.  ;  full  circle  made  in  Gmiu. 
48sec. 

To  Starboard.— Half  circle  made  in  3m in.  Llsec;  full  circle  made  in  6min. 

Half  boiler  poWl  r,  measured  mile  iui:-:- 

No.  I.— Speed  of  ship,  15*789  knots;  No.  2.— Speed  of  ship.  11*618  km  bs. 

Mean  speed  of  the  ship  under  half  boiler  power,   13701  knots  per  hour; 

mean  revolutions  of  the  engines,  69*96  per  minute.     Mean  steam  pressure, 

l  f227II>. ;  indicated  power  bj  the  engines,  8,682'29-horse. 
Halt  boiler  p  we*  circles,  1 1  men  at  the  wheal  s — ■ 
I-  Port. — Half  circle,  8min.  56sec. :  full  ditto,  7min.  BOfsea 
l '..  -•  n  board.—  Ball  circle.  8min.  42seo.  \  full  ditto,  7mio.  Ssee. 
The  UumutaaU  husn  balanced  rudder  Like  the  BelUrophon,  Hercules,  and 

Captain,  but  in  her  COM  the  tic    part  "f  the   rudder  was   reduced   in  area 
lislderably   the  but  time  she   was  in  dock,  and  perfect!    command  isj 
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now  kept  over  the  ship  by  the  men  at  the  wheel,  however  far  the  helm  may 
be  put  over.  On  her  light  draught  trial,  the  vibration  on  board  was  found 
to  be  very  great,  but  since  the  ship  has  been  brought  down  deeper  in  the 
water  this  has  been  materially  lessened,  and  when  the  engines  were  being 
driven  at  their  highest  speed,  the  vibration  exhibited  by  the  hull  of  the 
ship  was  nothing  at  all  extraordinary  or  beyond  what  is  usually  felt  under 
such  circumstances.  The  engines,  which  were  in  charge  of  Messrs.  Ander- 
son and  Knight,  as  the  representatives  of  the  manufacturers  Messrs.  John 
Penn  and  Son,  gave  satisfaction  in  every  respect  to  the  Government  officials 
on  board. 


IRRIGATION     IN     THE    NORTH-WESTERN    PROVINCES     OF 

INDIA. 

The  report  of  the  Irrigation  Department,  North-Western  Provinces,  for 
the  year  1868,  shows  extraordinary  progress.  We  find  that  the  land  irri- 
gated in  1867  exceeded  that  irrigated  in  1867  by  195,000  acres,  made  up 
as  follows  : — Sugar-cane,  11,000  acres ;  rice,  12,000  acres  ;  Indian  corn, 
43,000;  cotton,  44,000  acres;  and  miscellaneous,  including  all  inferior 
grains,  85,000  acres.  The  increase  of  cotton  is  attributed  to  the  market, 
and  that  of  Indian  corn  and  inferior  grains  is  regarded  as  proof  that  the 
instructions  of  Government  to  push  that  cultivation  as  far  as  possible  have 
been  kept  constantly  in  mind.  Good  crops  have  been  raised  on  nearly 
500,000  acres;  and  2,000,000  acres  have  been  preserved  from  pressure  of 
famine.  The  khurreef  irrigation  is  64  per  cent,  more  than  that  of  the 
previous  year. 

Sir  William  Muir  considers  these  results  highly  gratifying.  His  Honour, 
in  a  minute  dated  the  19th  February  last,  writes  as  follows: — 

"  The  aggregate  result  is  that  there  were  irrigated  from  the  canals 
483,000  acres,  which,  without  this  blessing,  would  for  the  most  part  have 
altogether  failed.  It  is  satisfactory  to  find  that  the  increase  has  been 
mainly  in  food  crops  not  hitherto  ordinarily  irrigated;  cotton  is  the  only 
exception,  showing  an  increase  from  8,000  to  52,000  acres.  The  addition  to 
the  irrigated  rice  area  (from  98,000  to  110,000)  is  not  so  great  as  might 
have  been  expected ;  but  this  arises  from  the  fact  that  rice  is  a  crop  for 
which  the  people,  excepting  in  unusually  favourable  seasons,  invariably 
use  canal  water.  There  remain  Indian  corn  and  miscellaneous  crops,  the 
area  of  which  rose  from  18,307  acres  in  1867  to  147,000  in  1868. 
The  area  under  these  heads  is  especially  large  in  the  Etawah  divi- 
sion, and  illustrative  of  the  rivalry  between  indigo  and  food  crops  in  that 
quarter. 

".  I  wish  to  have  a  detail  of  the  figures  belonging  to  the  entry  '  mis- 
cellaneous other  crops,'  showing  separately  garden  land,  bajra,  joar,  urhur, 
and  such  other  main  heads.  Anything  bearing  on  the  readiness  of 
agriculturists  to  use  water  for  the  commoner  autumn  crops  is  interest- 
ing and  useful.  The  considerable  area  irrigated  for  this  purpose  is  a 
hopeful  symptom.  Although  the  water  was  taken  too  late  in  some 
cases  to  be  of  any  great  service,  it  generally  saved  the  crop, 'and 
(as  I  have  myself  observed)  often  produced  luxuriant  fields  both  of* 
grain  and  fodder.  It  remains  to  be  seen  whether  the  advantages  thus 
secured  will  lead  the  people  to  recognise  the  benefit,  and  introduce  the 
practice,  of  regular  irrigation  for  the  commoner  khurreef  crops ;  or 
whether  they  will,  as  heretofore,  wait  on  in  expectation  of  the  periodical 
rains. 

"The  benefits  rendered  by  the  canal,  both  in  saving  such  extensive 
areas  of  the  more  valuable  staples,  and  in  giving  irrigation  to  an  area  (in- 
cluding rice)  of  217,000  acres  of  food  and  fodder  crops,  are  beyond  all 
calculation,  whether  we  look  to  the  revenue,  or,  what  is  of  higher  import, 
the  saving  of  life  and  the  general  prosperity  of  the  country." 


PATENT  LAW. 

The  Botill  Litigation. 
{Continued  from  page  180.) 

"  These  really  are  all  the  questions.  I  do  not  think  it  was  intended  that 
you  should  find  a  special  verdict,  as  suggested  by  the  counsel  for  the 
defendant.  A  jury  are  always  at  liberty  to  answer  the  questions  point 
blank,  yes  or  no,  which  they  usually  do.  They  are  also  at  liberty,  if  they 
are  in  doubt  in  point  of  law,  to  find  the  facts  specially ;  such  a  course  is 
the  one  usually  resorted  to  under  the  present  circumstances ;  and  I  believe 
you  will  best  discharge  your  duty,  if  your  view  of  the  evidence  enables 
you  to  do  so,  by  answering  the  questions  simply  'ay'  or  'no' for  the 
plaintiff  or  for  the  defendant;  and  it  is  usually  found  that  any  "  tag,"  if  I 
may  venture  to  call  it  so,  annexed  to  the  verdict,  has  an  effect  probably 
entirely  unanticipated  at  the  time.  Yes  or  no  is  intelligible;  but  a  special 
finding  very  often  comes  to  be  misunderstood. 

'*  Now,  these  being  the  questions,  I  refer  you  to  the  evidence.     The 


object  of  Mr.  Bovill's  patent,  as  he  states  it,  was  to  get  rid  of  the  moisture 
between  the  millstones  and  also  in  the  meal,  in  some  respects  to  get  rid  of 
the  delay,  and  assist  in  working  the  mill,  to  do  away  with  the  unhealthiness 
which  resulted  Irom  the  dusi  of  the  fan  and  hot  moist  air  getting  about 
the  mill ;  and  I  think  one  of  the  witnesses  said  the  effect  was  to  increase 
the  quantity,  if  not  to  improve  it  also.  There  was  a  suggestion  as  to  the 
improvement  of  the  quality,  but  that  was  finally  not  put  in  issue;  at  any 
rate,  there  was  an  increased  quantity  of  flour.  Well,  with  respect  to  all 
these,  of  course  you  would  form  your  own  judgment  as  to  how  far  Mr. 
Bovill's  patent  seems  to  have  g'ine,  and  you  would  d;  so  alter  the  view  so 
ably  pointed  out  on  the  part  of  the  defendant  by  his  counsel,  when  he  said, 
'  I  don't  care  for  the  exhausting  ol  the  plenum.'  That  is  his  expression, 
— I  call  that  but  an  expression ;  it  is  only  words  and  wind,  and  the  real 
question  is,  whether  this  process  had  been  applied  beiore  so  as  to  produce 
the  results  which  Mr.  Bovill  siys  he  gave  the  means  of  producing  in  the 
year  1849  ?  No  doubt  the  tame  result  may  be  arrived  at  by  different 
means  in  a  case  of  this  kind.  If  by  the  use  of  the  same  mechanical  ele- 
ments you  are  satisfied  that  the  same  result  was  arrived  at  before  Mr. 
Bovill's  patent  was  tiken  out;  that  it  was  ai-rived  at  not  in  the  way  of 
mere  experiment — not  in  the  way  of  merely  happening  so  that  a  man  was 
not  any  the  wiser  by  it  in  the  way  of  its  using  it,  whether  he  knew  the 
rationale  of  it  or  not,  dees  not — appear  to  me  to  be  material.  It  is  the 
actual  use  of  the  thing,  so  that  anybody  about  him  could  see  it;  I  should 
have  thought,  if  any  portion  of  Her  Majesty's  subjects  knew  of  it  as  a  thing 
to  be  done,  and  knew  how  it  could  be  done,  it  would  be  evidence  from 
which  your  mind  would  probably  arrive  at  the  conclu.-ion  that  the  persons 
who  produced  those  results  wou  d  produce  them  by  those  means.  I  should 
have  thought,  judging  from  the  impression  of  satisfaction,  if  such  was  so, 
that  would  be  produced  upon  my  own  mind,  that  would  be  the  result  at 
which  a  jury  would  arrive.  On  the  other  hand,  of  course,  the  facts 
must  be  clearly  ascertained  for  the  purpose  of  seeing  whether  there  really 
was  any  such  user,  whether  there  was  a  user  coming  up  to  what  Mr.  Bovill 
did,  or  not. 

"  With  respect  to  documents,  of  course,  if  any  documents  were  in  exis- 
tence in  this  country  before, — and  when  I  speak  of  this  country,  I  mean 
in  this  kingdom,  and  which  a  person  could  get  at  and  inform  himself 
from,  so  as  to  do  what  the  patentee  suggests  that  he  invented, — if  there 
was  a  direction  enabling  him  to  do  it,  that  would  anticipate  the  patent, 
although  no  person  might  have  taken  the  trouble  actually  to  read  it.  If 
it  was  there  as  part — to  use  the  same  expression  which  I  used  before 
— of  the  sura  of  knowledge  upon  the  subject  in  the  country,  and  capable 
of  practical  application,  that  would  do  away  with  the  novelty  of  the 
patent. 

"  Perhaps  I  had  better  refer  to  the  second  class  of  evidence  first,  remind- 
ing you  of  the  witnesses  and  the  documents,  and  some  of  the  witnesses 
who  were  called  to  explain  the  documents.  With  respect  to  the  documents, 
it  is  not  my  intention  to  read  them  through  again,  but  simply  to  refer  to 
them  shortly,  reminding  you  of  them,  and  then  go  on  to  what  has  been 
stated  by  the  witnesses.  First,  the  French  patent,  which  got  into  the 
British  Museum  in  the  year  1835  or  1836,  long  before  Mr.  Bovill's  patent. 
With  respect  to  that,  you  remember,  evidence  for  plaintiff,  impracticable; 
evidence  tor  defendant,  the  plate  of  the  fabric,  the  tube  through  which  the 
fan  at  the  top  of  the  small  chamber  was  to  suck  the  meal,  or  to  suck  the 
dust  after  the  meal  was  delivered  up  into  that  chamber,  along  the  flue, 
would  suggest  to  any  practical  person  to  do  what  Mr.  Bovill  has  done  in 
his  third  claim.  I  believe  that  is  about  the  result.  You  have  heard  the 
statement  of  the  engineers  upon  that  subject.  You  must  take  them  both, 
accompanied  by  this  further  statement — viz.,  that  that  patent  does  not 
appear  to  have  come  into  practical  use.  Probably  you,  or  some  of  you, 
will  be  able  to  judge  how  far  that  would  suggest  and  point  out  the  means 
of  arriving  at  what  Mr.  Bovill  did.  The  next  is  Damy.  As  to  Damy,  I 
read  the  specification  after  going  out,  aud  I  came  back  and  stated  what  I 
thought  about  the  translation  of  that  word  ventilateur,  "blowing-fan," 
and  I  must  say  that  I  quite  unhesitatingly  am  of  opinion  that  the  transla- 
tion of  that  word  is  correct.  You  have  heard  the  remarks  upon  it  on  the 
one  side  and  on  the  other ;  you  heard  the  remark  made  by  the  defendant's 
counsel,  that  that  gave  at  once  the  very  thing  which  Mr.  Bovill  did  if  a 
person  were  a  competent  person, — which  competent  person  you  must 
always  assume  in  speaking  of  questions  of  this  description.  A  child  might 
do  nothing,  but  a  philosopher  might  do  a  great  deal  more  than  an  ordinary 
competent  person.  You  must  assume  an  ordinary  competent,  skilful 
person.  The  remark  upon  the  part  of  the  plaintiff  is,  that  it  deals  alto- 
gether with  condensation,  and  does  not  at  all  poiut  out  straining  as  being 
the  object. 

"  Then  I  ought  to  say  that  the  same  remark  which  applies  to  Damy 
applies  also  to  Vallod.  It  does  not  appear  to  have  got  into  any  practical 
use.  It  may  he  said  that  millers  are  slow  to  take  new  inventions  ;  yet  we 
know  that  when  persons  take  the  trouble  to  takeout  patents,  they  generally 
take  some  means  to  make  them  known,  and  they  would  find  some  millers 
to  adopt  them  if  they  were  really  useful. 


September  1,  1369.] 


THE  AETIZAN. 


199 


•'  Then  we  come  to  England.  You  have  Gordon's,  which,  I  tbink,  was  in 
1844ov  1316." 

Mr.  Williams. — 1844,  my  Lord. 

'•  Mr.  Justice  Willes. — Gordon's  patent  was  in  1844,  and  I  may  describe 
it  to  you  in  this  way  :  Gordon's  was  the  patent  with  the  blast  from  below. 
Jon  recollect  what  was  said  as  to  the  effect  of  the  blast  without  the  exhaust, 
about  the  blast  having  the  effect  of  cooling  and  increasing  the  working, 
so  far  as  the  working  of  the  stones  was  concerned,  and  producing  a  great 
increase  of  dust  and  stive  in  the  mill,  and  passing  it  out  into  the  mill ; 
that  was  Gordon's  blast,  which  I  think  I  may  pass  over.  Gordon's 
blast  was  what  was  referred  to  by  Mr.  Muir.  I  do  not  recollect  any  des- 
cription of  the  practical  working  of  Gordon's  blast  except  by  Mr.  Muir,  and 
I  do  not  think  what  Mr.  Muir  stated  is  at  all  in  contradiction  of  what  was 
given  in  evidence  for  the  plaintiff  with  respect  to  the  blast,  and  the  reason 
it  did  not  succei  d. 

"  Then  you  have  Newton's  patent  of  1846,  and  Newton's  of  1846  was 
the  patent  the  object  of  which  was  to  exhaust,  but  to  exhaust  not  in  a  degree, 
hut  altogether  to  take  up  the  whole  produce  from  the  stones  as  it  was 
ground,  and  carry  it  away  to  a  chamber  where  it  was  utilized.  The  effect 
of  the  evidence  of  the  plaintiff  on  that  point  was  to  show  that  the  exhaust 
required  was  so  strong  that  it  caused  a  waste  and  carried  away  the  stuff  to 
an  extent  which  nude  it  not  a  useful  patent.  The  corn  was  said  to  be  blown 
through  hy  the  strength  of  the  exhaust  used  in  that  process  and  that  was 
stated  not  to  he  a  useful  process.  Now,  passing  over  Newton's  patent,  we 
come  to  Mr.  Bovill's  patent.  Mr.  Bovill's  patent  of  1846  I  do  not  think  I 
ought  to  make  any  remark  upon.  I  think  Mr.  Williams  withdrew  the 
evidence  given  by  Mr.  Bramwell  with  respect  to  the  patent  of  1846;  it  is 
not  material  except  for  this  purpose,  that  you  should  bear  in  mind  that  the 
contrivance  shown  in  that  patent  unquestionably  was  given  to  the  world 
in  1846 ;  these  contrivance  were  given,  and  that  would  prevent  Mr.  Bovill  or 
anybody  else  from  putting  them  into  a  subsequent  patent  except  in  some 
new  combination  with  some  new   result. 

"  Then  there  is  the  Scotch  patent  of  1846.  I  do  not  trouble  you  by  refer- 
ring to  the  Scotch  patent  of  1846,  for  this  reason,  because  I  understood  on 
the  part  of  the  defendant  that  patent  was  referred  to  only  for  a  purpose 
with  which  I  have  already  dealt,  namely,  with  reference  to  the  question  as 
to  No.  1.  If  it  was  intended  to  be  referred  to  for  any  other  purpose,  and 
I  am  reminded  of  it,  I  shall  be  glad  to  refer  to  it.  These  observations  I 
believe  exhaust  the  documents.  I  think  I  have  reminded  you  of  all  that 
will  at  all  serve  to  assist  you. 

"  I  have  now  completed  the  remarks  I  wished  to  make  on  the  documentary 
evidence,  and  come  to  the  evidence  of  the  witnesses  who  were  called  to 
prove  prior  u-er  at  various  mills  ;  and  as  I  recollect,  the  mills  were  four. 
There  was  first  Mr.  Potto  Brown,  who  spoke  of  two  mills,  but  he  spoke 
particularly i  f  U  lugbton  Mill,  at  which  the  process  was  said  to  have  been 
introduced  al  so  early  a  period.  He  was  at  Darblay  I  tbink  he  said  in 
1845)  and  lei  about  introducing  the  process  in  1846,  which  he  says  he  has 
continned  in  the  same  way  with  the  results  which  were  described.  Now 
this  is  a  part  of  the  case  on  which,  of  course,  a  vast  deal  turns.  Still  even 
the  moat  important  matter  which  is  required  to  be  repeated  loses  by  being 
stated  too  oit  n,  bo  I  shall  refer  you  at  once  to  the  plan  which  was  shown 
to  Mr.  Brown  as  a  compendious  way  of  bringing  before  you  the  effect  of 

bis  evidei ,  assuming  yon  have  taken   it.  aa  being  accurate,  and  as  giving 

the  fact  as  to  what  was  used   during  the  time  he  speaks  of.      With  lespect 

to  this  plan  and  the  otler  plans    which  I  allowed  to  be  shown  to  the  wit- 

s  tor  the    purpose  of  convi  fOU   in  a  compendious   way    their 

evidence,  I  must  observe  that  these  plans  were  not  made  at  an  early  time, 

with  tl xception  of  that,  produced  by   Mr.  Muir,  whoso  evidence  I  shall 

presently  pat  out  of  the  case,  as  it  do,  s  not  throw  any  light  upon  the  process. 
The  Other  plans  were  not  made  at  the;  time,  but  were  made  lor  the  purpose 

of  -  itnesses.     I  supp  il  explanation  of  the  way  in 

which  these  pans  were  male  was  by  a  description  from  the  witnesses,  and 
getting  ■  ime  competent  person  to  put  down  plans  from  the  description,  so 
thai   it  migl  r   inrt.     That  certainly  was  not  evidence  of 

anyii  ig  :,t   the  important  time  which  it  purports  to  represent, 

but  it  does  f Ornish  a  means  of  compendiously,  by  a  hading  question, 
giving  the  answers  ei'  tie-  witnesses.  The  lower  part  I  may  pass  over. 
Von  i    this    plan   before;   the   lateral    tube    hading   to  the   side 

of   the    room,    mid    the    contrivance    there,    has    not    been    described, 

and  I  suppose,  therefore,  it.  was  not  thought  important.  It,  is  appa- 
rently like  a  valve  ;  but  I  pass  i*.  over.  Then  there  is  the  ascend- 
ing shall  t  i  the  middle  room,  in  which  middle  room  the  fan  was  laid  to 
work.       Then  there  is   the   upper   room,    in    Which    the  eurtam  was  placed, 

That  curtain  was  d  scribed  bj  two  of  the  witnesses  as  |  ened  at  the 

top  and  at  the  side  ;  by  all  the  Witness  !S,  it'   I  reeolleet  right,  and  certainly 

by  two  of  them,  who  spoke  with  respect  to  this  plan,  it  was  <\- 

having  the  means  of  being  fastened  bj  loops  at  the  side  at  which  it  was  not 

fastened  to  the  wall,    and  in    tin IK],    0U8  Of  tin  in  mid,  tO  the  floor. 

The  third  witness  stated  it  to  be  a  curtain  which  hung  from  a  rod  new  the 
top  of  the  room,  on  which  it  moved  across  upon  rings.     That  is  the  descrip- 


tion you  have  of  the  curtain.     If  you  desire  it  I  will  read  over  the  evidence 
of  Mr.  Potto  Brown." 

A  Juror. — It  is  perfectly  unnecessary,  my  Lord. 

"  Mr.  Justice  Willes. — I  have  selected  certain  matters  which  I  tbink 
ought  to  be  taken  into  consideration  in  dealing  with  that  evidence.  It 
struck  me  at  the  time,  and  I  made  notes  to  which  I  have  referred  and 
taken  out  shortly  those  matters.  Now  the  witnesses  were  Mr.  Brown 
■  himself,  Clarke  the  millwright,  and  King.  Clarke  was  a  millwright  and 
owner  of  a  mill  also.  King  was  at  the  mill,  and  they  all  spoke  of  its  being 
put  up  so  early  and  of  its  working.  With  respect  to  the  curtain,  Mr.  Brown 
made  a  statement  which  is  not  unimportant  I  think,  with  reference  to  the 
third  part  of  the  claim,  that  the  curtain  was  not  always  down,  but  at 
times  it  was  looped  np,  according  to  the  state  of  the  weather.  If  it  was 
tied  up,  the  effect  would  be  that  the  air  would  pass  out  through  the  cowl, 
but  the  curtain  was  there,  and  it  was  described  to  have  the  effect  which 
Mr.  Bovill  attributes  to  his  machinery  in  the  third  claim.  That  was  Mr. 
Brown's  statement  with  respect  to  the  curtain.  I  think  it  also  appears 
that  Mr.  Brown  in  the  year  1851  had  a  communication  with  Mr.  Bovill  on 
the  subject  of  a  license,  and  it  is  not  wrong  to  remark  that  in  1851  he 
acted  in  a  manner  as  to  which  you  will  say  whether  it  was  the  manner  of 
a  man  who  asserted  that  a  person  had  wronged  him  by  taking  out  a 
patent  for  a  thing  which  he  had  been  doing  since  the  year  1846,  or 
whether  it  was  the  manner  of  a  man  who  thought  that  he  himself  had  not 
quite  come  up  to  the  thing,  and  that  Bovill  had  got  something  as  to  which 
he  must  come  to  terms  with  him,  It  is  very  material,  because  Mr.  Brown 
i  appears  to  be  a  very  substantial  man,  quite  master  of  himself  and  able  to 
take  care  of  himself,  and  all  his  evidence  was  that  of  a  strong  man,  and 
not  the  sort  of  man  who  would  be  likely  to  give  way  if  he  were  quite  cer- 
tain. That  is  only  a  remark  upon  his  evidence,  still  it  would  be  wrong  if 
I  did  not  mention  it,  because  it  produced  an  impression  upon  my  mind. 
Mr.  Brown  explained  it  by  saying  that  he  did  not  want  litigation,  and  there- 
fore wished  to  get  the  license,  but  did  not  choose  to  take  one  out.  Then 
follows  the  proceeding;  but  to  that  at  this  time  I  do  not  propose  to  make 
any  reference. 

"  Clarke  was  there,  and  he  was  the  millwright  who  put  it  up.  The 
only  remark  upon  Clarke's  evidence  that  I  shall  make  is,  that  he  appears 
to  have  been  the  owner  of  mills;  he  does  not  seem  to  have  put  ud  this, 
which,  if  it  were  Mr.  Bovill's  invention  anticipated,  would  seem  to  be  a  very 
useful  thing  in  anybody  else's  mill  or  in  his  own.  He  made  an  application 
to  put  it  up.  When  those  applications  were  made,  I  have  not  made  a  note 
of.  Given  utility,  ascertained  in  1846  by  an  apparatus  put  up  and  known 
by  Clarke,  who  afterwards  became  a  millowner,  not  made  for  others  or  put 
up  by  him. 

"  Now  with  respect  to  King's  evidence  that  only  brings  in  that  it  was 
stated,  that  in  that  place  in  which  Bovill's  No.  3  is  alleged  to  have  been 
anticipated  by  a  curtain  room,  the  stive  which  was  taken  from  the  floor  was 
stated  to  have  been  givco  to  the  pigs.  I  shall  read  over  the  evidence  of 
those  witnesses,  or  either  of  them,  if  you  wish  it;  but  I  thing  this  plan 
is  quite  a  sufficent  reminder  of  what  it  was. 

"The  next  person  who  was  called  was  Mr.  Fison.  The  rebutting  case 
also  referred  to  Fison ;  but  inasmuch  as  Fison  stated  it  in  his  own  evidence, 
I  do  not  think  it  necessary  to  refer  to  the  rebutting  case  upon  that  point. 
Fison  appears  to  have  put  up  a  plan  which  is  said  also  to  have  been  an 
anticipation  of  Bovill's.  That  plan  he  kept  for  some  months,  and  then  he 
adopted  PinePs  process,  which  turned  out  to  be  unsuccessful ;  he  abau- 
doned  Pinel's  process,  I  think,  in  1849,  and  from  that  time  to  1851  or  1852 
he  did  not  resume  the  use  of  that  which  is  said  to  be  an  anticipation,  so  as 
to  make  it  an  anticipation.  Therefore  you  have  the  application  of  the  thing 
for  a  short  period  abandoned,  a  substitution  of  something  which  did  not 
succeed, — that  of  Pinel's;  that  given  up.  A  man,  therefore,  whose  mind 
is  on  the  subject  of  improvement,  desirous  to  adopt  it,  and  who,  if  the  first 
was  so  very  great  an  improvement  as  it  is  suggested  it  was,  that  is  to  pro- 
duce the  useful  result  there  was  in  Bovill's,  what  would  he  have  done, — 
would  lie  have  resumed  it  or  not?  He  did  not  resume  it  for  three  or  four 
years,  and  when  he  did,  ho  resumed  it  with  a  difference,  that  is,  after  the 
date  of  Bovill's  patent.  Mr.  Fison's  evidence  is  corroborated  by  Mr.  Katie's 
and  Mr.  l'ung's  evidence  in  the  rebutting  case.  Fison's  and  Ru  tie's  were 
the  evidence  as  to  this  mill. 

"With  respect  to  Mr.  Muir,  I  do  not  propose  to  make  any  remark.  If 
he  used  what,  he  did  use  during  the  time,  he  used  it  with  (iordon's 
blast.  As  the  counsel  for  the  defendant  stated  ho  would  not  make  any 
remark  upon  Mr.  Muir\  evidence,  it  would  be  wrong  that  1  should  daw 
with  it,  unless  you  desire  to  havo  it  read  over.  That  seems  to  havo  dis- 
o  •  1  of  the  evidence  of  Mr.  Muir  and  Jameson  as  to  tho  Glasgow 
mill. 

"  Now  we  come  to  Kidd's  mill,  and  I  believe  that,  is  the  lust  mill  with 
which  I  shall  have  to  deal  under  this  head.  Kidd's  ail]  at  Mi  worth 
appears  to  be  a  very  large  establishment,  mid  to  have  been  so  during  a 
period  extending  over  all  the  time  with  which  wn  have  been  dealing  in 
this  case,  or  a  greater  part  of  the  time.      At  Kidd's  mill  a  contrivance  is 
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stated  by  the  witnesses  to  have  been  applied  successively,  with  some 
differences  and  changes,  to  the  three  sides  of  the  mill  acted  upon  by  three 
fans,  as  to  the  precise  position  of  which  at  first  there  is  a  variance,  pro- 
bably accounted  for  by  the  fact  that  the  evidence  for  the  plaintiff  shows  a 
change  in  the  position  of  two  of  the  fans, — the  fans  stated  to  have  been 
on  the  floor  above  the  stone  floor,  and  at  the  roof,  with  the  enclosure  of 
the  bin  by  the  fabric,  which  fabric  was  taken  away  at  one  period,  and 
boards  substituted  for  it.  A  change  was  made  in  the  year  1856,  which  on 
the  part  of  the  defendant  is  stated  to  have  been  not  an  important 
one,  with  reference  to  the  working,  and  what  was  done  before  the 
patent  of  1849,  but  which  be  witnesses  called  in  the  rebutting 
case  on  the  part  of  the  plaintiff  is  stated  to  have  produced  a  very  con- 
siderable result,  both  with,  respect  to  the  state  of  the  meal  and  the  state 
of  the  stuff,  which  was  removed  not  in  the  state  of  the  stive,  because  the 
witness  who  spoke  to  that  corrected  himself  and  said  there  was  no  ma- 
chinery in  operation  when  he  went  to  put  up  the  alterations  of  1856.  There 
Ms  evidence  stated  riot  that  there  was  a  quantity  of  stive  with  the  old 
process,  but  that  the  old  process  had  been  removed  when  he  put  up  the 
other.  That  seems  to  have  been  the  course  of  the  evidence.  1  omit 
the  interludes  as  to  putting  up  boards  where  there  was  the  order  for 
inspection.  Mr.  Podger's  evidence  as  to  that  was,  that  boards  were  a 
ready  substitute  for  canvas,  and  the  application  of  the  canvas  is  still 
important. 

"Now  with  respect  to  the  evidence  given  by  those  witnessess,  who  were 
many  in  number — Raymond,  Mather,  Westwood,  and  Podger — Mr.  Kidd 
is  said  to  be  too  old  to  attend :  he  is  said  to  be  eighty  years  old.  The 
circumstances  to  which  I  think  I  intended  to  call  your  attention,  with  res- 
pect to  that  evidence  were  the  changes  in  1856,  the  state  of  the  floors,  the 
description  given  by  the  witnesses  with  respect  to  the  paste,  the  removal  of 
the  canvas,  and  the  boards  put  up.  Mather  was  the  name  of  the  witness 
who  spoke  to  the  blast  going  up  the  mill-pipe.  That  is  the  evidence  referred 
to,  I  think,  by  Mr.  Williams." 

Mr.  Williams.  —  A  gentle  draught  going  np  the  mill-pipe,  my 
Lord. 

"Mr.  Justice  Willes. — I  have. not  got  the  word   "  gentle,"  but  no  doubt 
the  learned  counsel  is  right ;  but  one  would  as  soon  take  counsel's  note  as 
one's  own. 
A  Juror. — Is  that  the  millwright,  my  Lord  ? 

"  Mr.  Justice  Willes. — He  said  '  a  gentle  draught.'      The  evidence  on 
the  part  of  the  Kidds  is  to  the  effect  that  the  process  was  used  there,  which 
combined  an  exhaust  with  the  porous  fabric  ;  that  going  on  during  all  the 
period,  but  negativing  the  materiality  of  the  change  in  1856.     They  say  it 
dated  from  the  time  when  it  was  erected  before  the  patent,   and  produced 
the  same  result  which  Mr.  Bovill's  patent  produces.      Now  there  is  one 
thing  which  I  have  omitted  in  speaking  of  Mr.  Fison's  evidence,  and  which 
I  ought  not  to  have  omitted.     Mr.  Fison  spoke  of  having  tried  the  strainer 
upon  the  dressing-machine  before  he  took  it  in  the  mill,  and  with   success. 
He  says  that  shows  the  use  of  the  strainer  in  an  analagous  way.   It  excludes 
the  idea  of  novelty.     The  evidence  as  to  the  meal  he  treated  as  an  experi- 
ment.     I  shall  rather  classify  the  two  together,  and  treat  both  as  experi- 
ments.    A  distinction  was  made  in  that  respect  on  the  part  of  the  defen- 
dant.    True  it  is  that  a  man  cannot  take  out  a  patent  for  a  new  form,  any 
more  than  if  a  valid  patent  is  obtained,  can    the  infringer   defend  himself 
by  saying  that  what  he  has  done  is  done  iu  a  new  form,  provided  the  sub- 
stance of  the  patent  is  infringed.      A  man  cannot  take  out  a  patent  for  a 
new  form  of  a  thing  which  was  known  before  ;  he  cannot  take  out  a  patent 
for  making  a  thing  known  before,  of  a  material  not  known  before  without 
producing  any  further  beneficial  result;  he  cannot  takeout  a  patent  for 
applying  an  old  tool  or  contrivance  to  an  analagous  use  to  which  it  was 
applied  before.      That  is  the  application  which  it  is  said  ought  to  be  made 
of  Mr.  Fison's  evidence  as  to  the  dressing-machine,  if  not  as  to  the  mill. 
You  will  eonsider  how  far  you  are  induced  to  draw  a  distinction,  and  if  you 
admit  it,  you  will'say  so  by  your  verdict.     The  use  of  that  strainer  in  that 
case  being  to  get  rid,  as  I  understand,  of  the  dust  in  the  dressing  of  the 
meal,  and  the  use  of  the  strainer  in  Bovill's  case  being  to  collect  and  utilize 
flour  which  otherwise  would  go  to  waste  if  it  were  not  caught  by  the 
strainer.     I  have  now  got  to  the  end  of  that  evidence.      There  was  a  good 
deal  of  other  evidence  upon  the  one  side  and  upon  the  other,  but  I  believe 
I  have  in  substance  reminded  you  of  it.     I  allude  particularly  to  the  scien- 
tific evidence,  if  one  may  call  it  so,  given  on  one  side,  and  on  the  other. 
Par  be  it  from  me  to  depreciate  the  evidence  of  that  description,  and  hope 
I  am  not  so  foolish  as  that;  and  if  I  appeared  to  interpose,  it  might  have 
been  a  little  hastily  or  tartly  when  Mr.  Bramwell  gave  his  evidence,  you 
may  depend  upon  it  it  was  not  out  of  my  want  of  respect  or  regard  for  that 
gentleman.     I  do  not  think  it  necessary  to  read  over  that  class  of  evidence, 
either  upon  one  side  or  the  other  to  you.     I  believe  there  is  only  one  other 
point  which  has  weighed  upon  my  mind,  and  which  I  must  divest  it  of.     We 
are  dealing  with  and  testing  whether  things  are  the  same  by  comparing  the 
results.      On  the  part  of  the  plaintiff  it  is  said, — <  I  was  on  the  look-out  for 
the  invention,  and  I  never  'found  it  before  the  patent  of  1849.'     On  the 


part  of  the  defendant  it  is  said, — '  Be  it  so,  but  other  people  were.'  And 
no  doubt  they  were  "  upon  the  look-out  for  it,"  and  it  was  discovered  by 
one  or  more  of  them,  and  we  shall  prove  that  by  our  witnesses,  by  showing 
that  they  attained  the  same  result  which  you  allege  to  he  the  benefit  flowing 
from  your  alleged  invention. 

"  In  comparing  results,  it  would  be  wrong  not  to  refer  to  the  specimens 
which  were  produced  on  the  one  side  and  upon  the  other,  of  the  actual 
stuff  that  comes  from  the  screen.  On  the  part  of  the  defendant  you 
recollect  that  a  man  was  called  from,  I  think,  Christie's  Mill,  where  this 
is  in  operation,  and  he  produced  two  papers  of  the  damp  and  foul  stuff, 
which  he  states  he  got — damp,  white  stuff  from  just  outside  the  fabric, 
between  that  and  the  boards  in  which  it  is  enclosed,  leaving  a  small  space 
between;  the  other  dark  stuff  from  the  walls,  that  is,  from  the  boarded 
walls  as  I  understood  him,  and  the  windows  of  that  room.  Then  the 
other  specimen  which  has  been  produced  in  rivalry  of  that,  is  the  speci- 
men produced,  I  think,  yesterday  morning,  from  the  mill ;  the  other,  at 
which  the  process  of  Mr.  Bovill  is  applied  and  the  state  of  which  you 
saw  for  yourselves.'  I  do  not  think  it  is  right  that  I  should  myself  express 
any  opinion  upon  those  specimens  without  golug  to  look  at  the  thing  for 
ourselves  ;  but  it  would  not  be  right  to  omit,  as  it  was  relied  upon  on  one 
side  and  the  other  If  there  is  any  other  matter  which  on  either  side  it  is 
thought — I  do  not  mean  details  of  the  evidence,  because  I  shall  not  read 
through  my  notes,  or  read  any  of  these  documents  over  again,  unless  you 
desire  it — if  it  is  thought  I  have  omitted  any  head,  I  shall  be  very  glad  to 
supply  it.  That  appears  to  me  to  be  the  conclusion  of  the  matter  as  far  as 
I  am  concerned. 

"  Perhaps  we  ought  to  look  at  the  process  of  1849.  I  forget  the  exact 
date." 

Mr.  Williams.— June,  1849,  my  Lord. 

"  Mr.  Justice  Willes.— Taking  it  that  Mr.  Bovill,  in  June,  1849,  got 
from  the  Crown  a  grant  of  a  proceeding,  leaving  out  the  first  and  third,, 
npon  which  I  have  said  all  I  have  to  say,  by  way  of  applying  a  new  idea 
that  the  proper  way  of  using  the  exhaust  upon  mills  was  to  regulate  the 
blast  so  as  to  make  the  drawing  away  equivalent — I  was  going  to  use  a 
long  word,  to  an  "  equilibrium,"  though  possibly  you  could  not  get  the  exact 
equality,  though  for  practical  purposes  you  would  get  an  equivalent,  because 
you  could  apportion  it  to  the  blast  that  entered,  supposing  he  discovered 
that  idea  and  the  mode  of  applying  it,  he  secured  that  patent  to  himself, 
producing  thereby  beneficial  results.  The  question  for  you,  gentleman,  is, 
was  that,  in  your  judgment,  a  thing  that  had  been  made  out  by  another  or 
others  before  that  date  ?  The  same  question  with  respect  to  each  of  the 
other  parts  of  the  case.  To  put  that  more  at  large,  a  similar  question 
with  respect  to  the  other  parts  of  the  case,  because  it  seems  to  be  a  point 
upon  which  the  greatest  stress  of  the  evidence  bears.  I  do  not  think  I 
need  tell  you  the  exact  form  in  which  the  issues  are  put;  but  I  put  ques- 
tions one,  two,  three,  and  four.  Was  number  one  new?  Was  number  two 
new  ?  Was  number  three  new  ?  These  are  the  questions.  You  will  con- 
sider them  for  yourselves,  and  say  whether  you  find  for  the  plaintiff  or  the 
defendant." 

The  verdict  was  the  that  the  first  and  3rd  claims  were  new  but  that  the 
2nd  claim  was  not  for  a  new  invention. 

(To  be  continued.) 


ANNUAL  CONFERENCE  OF  MECHANICAL  ENGINEERS  AT 
NEWCASTLE. 

Address  of  Sir  William  Armstrong,  President. 

This  year  is  the  centenary  of  the  steam  engine  of  Watt ;  and  I  am  glad 
that  it  has  fallen  to  the  lot  of  Newcastle  to  receive,  on  so  auspicious  an 
occasion,  a  society  which  must  regard  Watt,  more  than  any  other  man,  as 
the  father  of  their  calling.  First,  then,  I  shall  discharge  my  duty  as  your 
President  by  paying  a  tribute  of  respect  to  the  memory  of  the  illustrious 
man  who,  in  the  corresponding  year  of  the  last  century,  completed  and  set 
to  work  the  greatest  of  mechanical  inventions.  In  1765,  the  authorities 
of  Glasgow  College,  little  thinking  of  the  momentous  step  they  were  taking, 
intrusted  a  model  of  a  Newcomen  engine  to  James  Watt,  a  maker  of 
mathematical  instruments,  for  repair.  The  sagacity  of  Watt  enabled  him, 
by  an  inspection  of  the  model,  to  detect  a  radical  defect  in  the  principle 
of  the  engine.  He  saw  that  the  condensation  effected  within  the  cylinder 
reduced  its  temperature,  and  rendered  restoration  of  the  wasted  heat  necessary 
at  every  stroke.  He  perceived  that  the  steam  ought  to  act  in  a  vessel  always 
hot,  and  be  condensed  in  a  vessel  always  cold.  He  thus  conceived  the  idea  of 
separate  condensation.  With  a  quiet  tenacity  of  purpose  he  set  to  work, 
under  great  disadvantages,  to  realise  his  idea  of  a  more  economical  steam 
engine.  His  design  was  soon  matured,  but  the  difficulty  of  execution  long 
remained  a  barrier  to  practical  success.  In  the  Newcomen  engine,  the 
weight  of  the  atmosphere,  acting  against  a  vacuum,  was  the  moving  power, 
and  leakage  of  air  past  the  piston  was  prevented  by  water  resting  on  the. 
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upper  side.  An  unbored  cylinder,  made  in  separate  parte,  sufficed  for  this 
arrangement,  but  in  Watt's  design,  steam  instead  of  air  acted  on  the  piston 
a  water  packing  was  inapplicable ;  and  leakage  could  only  be  prevented 
by  tte  more  accurate  fit  of  the  piston  in  the  cylinder.  A  moderately  steam- 
tight  cylinder  and  piston  were,  however,  more  than  the  workshops  of  the 
day  could  produce,  and  we  read  of  his  vain  attemps  to  correct,  by  paste- 
board and  cork,  inaccuracies  of  workmanship,  such  as  in  our  time  have  no 
existence.  With  ailing  health,  narrow  pecuniary  means,  and  a  temperament 
inclining  to  despondency,  he  was,  in  many  respects,  unfitted  for  a  struggle 
with  difficulty;  but  he  was  a  man  whose  mind  was  taken  captive  by  an 
idea,  and  he  could  not  help  persevering.  His  attractive  character  and  fine 
intellect  had  attached  to  him  many  valuable  friends,  superior  in  station  to 
himself,  and  his  letters  to  some  of  those  friends,  written  during  his 
struggles,  exhibit  at  once  his  discouragement  and  his  irresistible  impulse  to 
proceed.  In  1768,  he  had  succeeded  in  producing  a  condenser  with  its 
necessary  appendage  of  an  air-pump,  but  it  was  not  until  the  f  allowing  year 
— 1869 — exactly  a  century  ago — th3t  his  first  complete  steam-engine  was 
finished  and  put  in  motion.  The  first  trial  was  made  by  Watt  in  a  secluded 
glen,  behind  the  house  of  his  friend,  Dr.  Roebuck,  near  Linlithgow.  The 
engine  was  not  a  mere  working  model,  but  a  machine  of  considerable 
power.  It  had  a  cylinder  of  18in.  in  diameter,  and  a  stroke  of  five  feet ; 
but  the  cylinder  and  piston,  which  were  described  as  the  best  the  Carron 
Ironworks  could  produce,  were  still  so  inaccurately  nnde  as  to  defeat,  in  a 
great  measure,  the  anticipated  success.  The  engine,  however,  afforded  a 
practical  demonstration  of  the  value  of  the  invention  sufficient  to  lead 
eventually  to  the  happy  alliance  of  the  capital  of  Boulton  with  the  genius 
of  Watt.  In  1773,  the  engine  was  removed  to  Mr.  Bjulton's  works  at 
Soho,  and  was  fitted  with  a  new  cast-iron  cylinder,  the  casting  and  boring 
of  which  were  deemed  no  small  achievement  in  those  primitive  days  of 
mechanical  engineering.  This  first  engine  of  Watt  was,  like  that  of  New- 
comen,  only  applicable  to  pumping,  but  Watt  quickly  saw  by  what  modi- 
fications it  could  be  rendered  available  for  rotative  motion.  By  a  succes- 
sion of  brilliant  inventions,  comprising,  amongst  others,  his  parallel  motion 
and  his  ball  governor,  he  advanced  to  the  final  conception  of  the  double- 
acting  rotative  engine,  which  became  applicable  to  every  purpose  requiring 
motive  power,  and  continues  to  this  day,  in  nearly  its  original  form,  to  be 
the  chief  moving  agent  employed  by  man.  To  do  full  just'ee  to  the  genius 
of  Watt,  we  must  consider  the  disadvantages  under  which  he  laboured. 
In  the  present  day,  every  contrivance  is  practicable  in  a  constructive 
point  of  view,  and  the  vast  variety  of  devices  used  in  modern  mechanism, 
and  applicable  to  new  mechanical  combinations,  are  made  known  to  in- 
ventors in  minute  detail  by  the  press.  But  Watt  had  no  such  facilities. 
He  had  to  draw  from  his  own  mind  what  we  can  now  choose  from  pre- 
accomplished  invention,  and  his  choice  of  means  was  restricted  to  the 
narrow  limits  of  what  was  practicable  in  the  rude  workshops  of  the  period. 
If  ire  give  due  weight  to  these  considerations,  we  shall  ha  able  to  appre- 
ciate the  remarkable  originality  of  his  mind,  and  the  sagacity  displayed  in 
his  invention.  Watt  lived  to  see  his  steam-engine  bear  fruit  in  mat  vellous 
utility  to  the  human  race;  but  he  could  have  hid  no  idea  of  the  results  it 
was  destined  to  realise  before  the  first  century  of  its  existence.  It  is  im- 
possible t)  contemplate  these  re3ult3  without  feelings  of  enthusiasm.  To 
.appreci  ite  how  much  we  owe  to  the  steam-engine,  we  need  only  consider 
■for  a  moment  what  our  position  would  be  if  we  were  deprived  of  its  agency. 
The  factories  which  clothe  all  the  nations  of  the  earth,  would  be  almost  ex- 
tinguished. The  deep  mines  which  supply  nearly  all  our  mineral  wealth, 
would  be  abandoned.  The  manufacture  of  iron  would  shrink  into  com- 
parative insignificance.  Horses  and  sailing  ships  would  again  become  our 
•only  means  of  transit.  All  great  engineering  works  would  cease,  and  man- 
kind would  relapse  into  that  condition  of  slow  and  torpid  progress,  which 
preceded  the  subjugation  of  steam  by  Watt.  Having  thus  in  honour  of  an 
inventor,  whose  name  will  grow  greater  as  the  world  grows  older,  referred, 
in  general  terms,  to  engineering  progress  during  the  last  hundred  years,  1 
need  but  glance  at  some  of  the  more  recent  achievement')  in  mechanical 
and  constructive  art,  in  order  to  show  that  the  extraordinary  advance  of 
the  century  continues  unabated.  That  such  is  the  fact,  will  at  once  be 
apparent,  when  I  remind  you  that  during  the  short  period  of  eleven  years, 
which  has  elipsed  since  the  Institution  of  Mechanical  Engineers  last  held 
their  annual  meeting,  in  this  town,  the  Atlantic  Telegraph  Cable-",  the 
Sue/.  Canal,  and  the  great  railway  across  the  American  Continent,  exceed- 
ing in  ltmgth  the  sea  passage  from  Europe  to  America,  have  been  added  to 
the  engineering  triumphs  of  the  century.  Of  the«e,  there  is  but  one  of 
which  England  can  claim  tin;  glory,  and  that  is  the  first  successful  Atlantic 
telegraph.  The  recondite  science  involved  in  that  undertaking,  the  bold- 
ness of  the  enterprise,  tin-  perseverance  displayed  after  the  first  failure,  and 
the  moral  effects  as  yet  but  partially  developed,  of  its  ultimate  success, 
justify  us  in  regarding  the  first  Atlantic  telegraph  as  one  of  the  very  great  est 
ami  most  honourable  achievements  of  man.  But  Englishmen  man  feel 
additional  pride  in  reflecting  that  the  successful  laying  of  that  cable,  as 
well  as  of  the  subsequent  French  one,  just  now  completed,  wm  chiefly  due 
to  the  fact  that  there  had  been  previously  completed  iu  this  country  a 
steamship  of  such  gigantic  si/.c  as  to  be  of  ntelf  one  ot  the  greatest  won- 


ders of  modern  engineering.     Thus  it  is  that  one  great  invention  hangs 
upon  another.  First  came  the  steam-engine,  then  followed  the  great  steam- 
ship, and  finally  the  Atlantic  cable,  which,  without  the  aid  of  steam,  could 
never  have  been  laid.     The  Suez  Canal  presents  another  example  of  the 
direct  application  of  the  steam-engine  to  the  execution  of  one  of  the  most 
remarkable  of  modern  works,  the  chief  part  of  the  Suez  Canal  having  been 
executed  by  steam  dredgers,    of   which    an    interesting    description  was 
received  by  this  institution  at  the  Paris  meeting.     In  contemplating  this 
undertaking,  we  are  naturally  led  to  coaipare  it  with  the  great  neighbour- 
ing relics  of  Egyptian  antiquity.     In  quantity  of  material  moved,  the  Suez 
Canal  is   far   more  vast  than  the  great  Pyramid.     In  its  moral   and  in- 
tellectual aspect  it  is  immeasurably  superior.     The  ancient   work   is    a 
useless  monument  of  the  idle  vanity  of  a  tyrant ;   the  modern  work  will 
bear  witness  to  the  practical  science    and  utilitarian  spirit   of  our  better 
times.     Surely    the    world     improves    as     the     dominion    of    mind    over 
matter  is  extended.     I  should  lengthen  my  observations  too  much  if  I  were 
to  review   the   mauy  new  and  important  applications  of  machinery  and 
mechanical  processes  effected  sincj  our  last  meeting  here.     The   manufac- 
ture of  iron  and  steel — steam  cultivation— mining  operations — steam  locomo- 
tion by  land  and  water — economy  of  labour  and  of  time — economy  of  fuel 
— printing — and  even  the  humble  business  of  the  sempstress,  have  all  been 
facilitated  and  promote  I  by  recent  mechanical  progress.     The  subject  of 
coal  follows,  naturally,  a  notice  of  the  steam-engine,  and  has  a  special  interest 
for  us,  in  a  locality  celebrated,  since  the  earlist  days  of  coal  mining,  for  the 
production  of  that   invaluable  mineral.     England,   with  her  innumerable 
steam-engines  and  manufactories,  is   more   dependent  upon  coal    for  the 
maintenance  of  her  prosperity  than  any  other  nati  in,    and  the  question  of 
the  duration  of-  her  coal  fields  now  very  properly  occupies  the  attention  of 
a  Royal  Commission.     The   investigation  of  the   Commission   are   not  yet 
completed  :  but  so  far  as  they  have  gone,  the  results  are  reassuring.     I 
concur  in  the  probable   accuracy  of  the  announcement  lately  made  by  two 
of  my  fellow-commissioners,  thf.t  the  total  quantity  of  coal  in  this  island 
will  prove  to  be  practically  inexhaustible ;  but  U  itil  the  complicated  details 
of  quantities  collected  by  that  Commission  have  been  put  together,  and  ex- 
pressed in  totals,  it  is  difficult  to  judge  with  certainty  or  accuracy  on  the 
subject.     Although  the  duration  of  our  coal  may,  geologically  speaking,  be 
practically  unlimited,  we  have  still  to  consider  the  important  question,  how 
long  will  England  be  supplied  with  coal  as  good  and  as  cheap  as  at  present  ? 
We  have  unquestionably  made  greater  inroads  iuto  our  best  and  most  acces- 
sible coal  beds  than  other  nations  have  done  into  theirs ;  and  if  foreign  coals 
should  grow  better  and  cheaper,  and  ours  dearer  and  worse,  the   balance 
may  turn  against  us  as  a  manufacturing  country   long  before  our  coal  is 
exhausted  in  quantity.  It  is  clear  that  our  stock  of  good  coal  is  very  large; 
but  most  of  it  lies  at  great  depths,  and  one  of  the  most  important  questions 
tiie  Royal  Commission  has  to  investigate  is  the  depth  at  which  coal  can  be 
worked  with  commercial  advantage.  The  chief  obstacle  to  reaching  extreme 
depth  is  the  increase  in  temperature  which  is  met  as  we  elescend.     I  am  jus- 
tified by  ascertained  facts  iu  saying  that  this  rate  of  increase  will,  as  a  ride, 
prove  to  be  not  less  than  one  degree  Faht.,  fcr  every  twenty  yards  in  depth, 
and  there  is  reason  to  expect  that  it  will  be   ev,  nmore  rapid  at  greater 
depths  than  have  yet  been  attained.  The  constant  temperature  of  the  earth 
iu  this  climate  at  a  elepth  of  50ft.  is  50°,  and  the  rate  of  increase  as   we 
descend  is  to  be  calculated  from  this  starting   point.      Adopting  these 
figures,  you  will  find  that  the  temperature  of  the  earth  will  be  equal  to  blood 
heat  at  a   depth  of  about  980  yards,  and,   at  a  further  depth  of  500  yards, 
mineral  substances  will  be  too  hot  for  the  naked  skin  to  touch   with  im- 
punity.    It  is  extremely  difficult  to  form  an  opinion  as  to  the  maximum 
temperature  in  which  human  labour  is  practicable,  in  the  damp  atmosphere 
of  a  mine,   and  it  is  almost  equally  difficult   to  determine  how  much    the 
temperature  of  the  air,  in  the  elistant  parts  of  an  extremely  deep  mine,  can 
be  reduced  below  that  of  the  strata  with  which  it  is  brought  in  contact.  It 
is  certiin,  however,  that  the  limit  of  practicable  depth  will  chiefly  depend 
upon  the  mechanical  means  which  can  be  provided  for  relieving  the  miners 
of  the  severest  part  of  their  labour;  for  maintaining  a  supply  of  sufficiently 
cool  air  at  the   working  faces  of  the  coal,   and  for  superseding  the  use   of 
horses,  which  suffer  oven  more  than  men  from  highly  heated  air.     For  the 
relief  of  labour  we  must  look  to  coal-cuttiug  machines  ;  for  improvement  of 
ventilation  to  exhausting  fans  ;  and  for  the  superseding  of  horses  to  hauling 
engine!  driven  by  transmitted  power.    The  employment  of  coal-cutting 
machines,   worked  by  compressed  air,  conveyed  into  the  mine  by  pipes,   w 
already  an  accomplished  fact,  and   when  the  difficulties  and  the  objections 
which  usually  adhere,  for  a  coii-idorable  time,    to  new   meehnnieal  arrange- 
ments are  removed  from  these  machines,    they  will   probably  attain  exten- 
sive application.  One  of  the  earliest  attempts  ;it  coal-cutting  by  machinery 
was  described   by  the  late   Mr.  Nicholas    Wood,   at    the   former   Newcastle 
meeting  of  this  institution,  and  all  the  really  practical  re-mlts  U  yet  obtained 
date  from  that  period.     The  cooling  influence  of  the   expanding  air   as  it 
escapes  from  these  machines  will  be  a  collateral  advantage  of  considerable 
importance  iu  the  hot  atmospheru  of  n  dee])  mine.  The  air  discharged  from 
the  pneumatic  coal-cuttine;  machines  now  in  UM   in  the    licit  ou   Colliery, 
escapes  into  the  mine  at  a  temperature  of  seven  degrees  below  freezing,  aud 
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the  cold  air  from  each  machine  appears  to  he  sufficient  in  quantity  to  lower 
the  temperature  of  the  circulating  atmosphere  hy  one  degree.  If,  as  seems 
to  be  probable,  six  or  seven  of  these  machines  can  be  employed  at  each 
working  face,  we  may  by  this  means  lessen  the  heat  by  a  corresponding 
nnmber  of  decrees,  and  thus  afford  very  considerable  relief.  The  employ- 
ment of  compressed  air,  as  a  motive  power,  in  substitution  of  horse  traction, 
is  also  quite  feasible,  and  may  be  expected  to  become  quite  general  in  very 
deep  workings.  As  regards  ventilation,  the  fan  mschines  of  the  several 
constructions  tried  have  already  exhibited  great  superiority  over  the  old 
method  of  ventilating  by  an  upcast  furnace  shaft;  and  although  the  efficiency 
of  the  furnace  system  ventilation  is  increased  by  depth,  there  is  reason  to 
believe  that  the  fan  will  maintain  its  superiority  to  greater  depths  than  are 
likely  to  be  reached  in  mining.  Thus  far  I  have  spoken  of  mechanical 
engineering  as  applied  to  purposes  of  production.  I  have  now  to  refer  to  it 
as  connected  with  the  opposite  element  of  destruction.  When  battles  were 
fought  hand  to  hand,  war,  so  far  as  mechanics  are  concerned,  was  an  affair 
of  muscular  force,  and  was  in  that  form  the  most  sanguinary,  because  com- 
bats were  the  most  close.  When  other  forces  were  called  into  play,  inven- 
tive appliances  became  necessary,  and  these,  as  they  have  advanced,  have 
more  and  more  widened  the  distances  separating  combatants,  and  have 
thus  operated  to  prevent  that  greater  sacrifice  of  life  which  would  otherwise 
have  resulted  from  the  employment  of  more  destructive  weapons.  It  is, 
therefore,  not  to  be  supposed  that  future  wars  will  be  rendered  more  mur- 
derous by  the  intervention  of  the  engineer;  on  the  contrary,  we  may  fairly 
anticipate  that  the  more  the  element  of  intelligence  supersedes  that  ot 
animal  force  in  military  struggles,  the  more  will  the  barbarity  of  war  be 
mitigated.  Science  naturally  sides  with  civilisation,  and  tends  to  establish 
a  supremacy  over  barbarism,  and  we  find  this  tendency,  as  in  the  case  of  the 
late  Abyssinian  war,  not  only  giving  overwhelming  superiority  to  the  cause 
of  civilisation,  but  deciding  the  issue  with  the  least  possible  waste  of  life. 
But  whatever  our  sentiment  may  be  in  regard  to  war,  it  would  be  absurd 
to  contend  that  we  ought  to  withhold  from  invention  when  the  object 
sought  to  be  attained  is  the  destruction  of  life  and  property.  It 
is  our  province,  as  engineers,  to  make  the  forces  of  matter  obedient  to 
the  will  of  man,  andthose  who  use  the  means  we  supply  must  be 
responsible  for  their  legitimate  application.  It  will  be  in  the  recollection 
of  the  members  of  this  institution  who  visited  the  Elswick  works  on  the 
occasion  of  the  last  meeting  at  Newcastle,  that  two  or  three  small  breech- 
loading  rifled  guns  were  shown  to  them  as  novelties  deserving  their  atten- 
tion. Those  guns  had  very  recently  received  the  recognition  of  the  British 
Government,  and  may  be  regarded  as  the  small  beginning  of  a  system  of 
ordnance  which  has  since  attained  a  very  extensive  adoption  in  this  and 
other  countries.  It  was  not  until  the  principle  of  rifling  was  adopted  for 
military  fire-arms  that  these  weapons  presented  much  scope  for  the  mechani- 
cian's art,  but  the  introduction  of  rifling,  and  the  change  in  the  form  of 
the  projectile,  from  a  sphere  to  a  pointed,  cylinder,  brought  about  a  com- 
plication of  new  conditions  which  it  has  required  years  of  research  and 
experiment  to  meet  and  satisfy.  Passing  over  the  subject  of  rifled  small 
arms,  which  of  late  has  called  forth  a  great  amount  of  ingenuity  and  skill, 
I  will  speak  of  artillery,  as  being  that  division  of  gunnery  with  which  I  am 
personally  connected.  The  most  important  of  all  the  considerations  affect- 
ing modern  artillery  is  how  to  obtain  the  strongest  possible  tube  with  the 
least  possible  weight.  Before  I  state  my  views  as  to  the  best  mode  of 
attaining  this  object,  I  must  call  attention  to  the  conditions  affecting  theforce 
to  be  resisted.  When  a  charge  of  powder  is  fired  in  a  gun,  it  is  converted  into 
gas  at  an  exceedingly  high  temperature,  and  the  pressure  exerted  is  due,  even 
in  a  greater  degree,  to  the  heat  than  to  the  quantity  of  gas  produced  But  the 
heat  evolved  is  not  wholly  realised  in  augmentation  of  pressure,  a  considera- 
ble part  of  it  being  absorbed  by  the  material  of  the  gun.  The  heating  of 
a  gun  by  firing  is  an  effect  familiar  to  every  one,  and  it  affords  an  indication 
both  of  the  quantity  of  heat  abstracted  from  useful  effect,  and  also  of  the 
amazingly  high  temperature  of  the  gas  before  it  escapes  from  the  gun. 
.Fifty  rounds  fired  in  quick  succession  from  a  field-piece  will  make  it  so  hot 
that  it  cannot  be  touched.  Since  the  flame  is  only  in  contact  with  the 
bore  for  about  the  150th  part  of  a  second  at  each  discharge,  it  follows  that 
the  aggregate  duration  of  the  flame  contact  by  which  the  gun  is  thus 
heated,  in  fifty  rounds,  only  amounts  to  one-third  of  a  second.  The  thin 
film  of  heated  matter  deposited  en  the  surfa  e  of  the  bore  at  each  discharge 
contributes,  in  some  measure,  to  this  rise  of  temperature ;  but  we  may 
regard  the  acquisition  of  heat  from  this  source  as  fully  neutralised  by  the 
cooling  of  the  gun  in  the  intervals  occupied  by  loading.  Thus,  then,  you 
will  be  able  to  appreciate  both  the  intensity  of  the  heat  of  the  gas  and  the 
extent  of  the  waste  by  absorption.  In  small  guns  the  area  of  absorbing 
surface  surrounding  the  charge  is  greater  in  relation  to  the  mass  of  the 
charge  than  it  is  in  large  guns.  Therefore,  the  waste  caused  by  the  heating 
of  the  gun  is  also  relatively  greater,  and  the  gas  never  attains  either  the 
same  heat  or  the  same  pressure  in  the  smaller  weapon  as  in  the  larger. 
But  the  greater  heat  attained  in  a  large  gun  adds  to  pressure  not  only 
directly,  by  expanding  the  gas,  but  indirectly  by  accelerating  the  combus- 
tion of  the  powder.  The  powder  must  be  regarded  as  fuel  burning  in  a 
furnace,  and  the  hotter  the  furnaco  is  the  quicker  the  fuel  will  burr .     You 


will  perceive,  then,  that  the  pressure  of  powder-gas  per  unit  of  surface  is 
augmented  by  increasing  the  size  of  the  gun  apart  from  all  considerations 
regarding  the  projectile.  But  the  pressure  of  the  gas  is  further  increased 
in  large  rifled  guns  by  the  great  length  of  column  represented  by  thin  pro- 
jectile?. The  resistance  increases  with  the  length  of  the  projectile,  and  the 
pressure  rises  with  the  resistance.  Augmentation  of  pressure  is  also  caused 
by  the  rifled  projectile  having  to  acquire  motion  of  rotation  in  addition  to 
that  of  translation,  though  the  increase  of  resistance,  and  of  consequent 
pressure,  due  to  this  cause  is  not  so  considerable  as  is  commonly  supposed- 
For  these  various  reasons,  the  introduction  of  the  rifled  principle,  and  the 
enormous  increase  of  s'ze  demanded  in  modern  ordnance,  combine  to 
intensify  that  pressure  to  a  degree  which  faxes  our  utmost  resources  to 
control.  The  limit  of  the  pressure  actually  reached  in  rifled  guns  of  the 
largest  size,  when  fired  with  English  service  powder,  is  not  yet  fully  ascer- 
tained, but  it  is  probably  not  less  than  seventy  thousand  pounds  on  the 
square  inch.  Now  comes  the  question  of  what  construction  is  best  adapted 
to  resist  so  inordinate  a  strain.  It  was  long  since  demonstrated  by  Pro- 
fessor Barlow  that  a  cylinder,  to  possess  the  greatest  possible  resistance  to 
a  bursting  force,  must,  when  out  of  action,  have  its  interior  in  a  state  of 
compre? s:on  and  its  exterior  in  a  state  of  tension.  He  further  proved  it  to 
be  necessary  that  the  internal  compression  should  diminish  in  an  out- 
waul  direction,  and  the  external  tension  in  an  inward  direction,  up  to  an 
intermediate  zone  of  neutrality.  If  these  conditions  were  neglected,  he 
showed  that  in  a  very  thick  cylinder  the  material  forming  the  interior 
portion  would  be  stretched  to  the  breaking  point  before  the  exterior  portion 
acquired  any  considerable  tension.  The  interior,  therefore,  would  be  over- 
strained, while  the  exterior  would  be  under-strained,  and  the  aggregate 
resistance  would  necessarily  be  less  than  if  all  parts  were  doing  full  duty. 
This  reasoning  is  the  foundation  of  the  argument  in  favour  of  built-up 
guns,  in  which  every  layer  of  the  material  is  stretched  upon  the  layers 
beneath,  and  the  finished  sttuctureis  in  the  condition  of  internal  compres- 
sion and  external  tension,  demonstrated  by  Barlow  to  be  that  of  greatest 
strength.  The  Americans  have  endeavoured,  with  partial  success,  to  realise 
the  advantage  of  this  principle  in  cast-iron  guns,  by  cooling  the  inside  first, 
and  allowing  the  external  portion  of  the  metal  to  shrink  upon  the 
hardened  interior.  The  Rodman  cast-iron  gun  is  made  upon  this  principle, 
and  considering  the  nature  of  its  material,  has,  in  some  examphs  at  least, 
exhibited  great  power  of  resistance,  though  not  sufficieut  to  enable  it  to  be 
used  for  heavy  ordnance  in  the  rifled  form.  Where  forged  material  is  used 
for  the  fabrication  of  guns,  this  condition  of  outward  tension  and  inward  com- 
pression is  unattainable  except  by  the  application  of  the  material  in  suc- 
cessive layers,  each  stretched  on  those  below.  Considerations  of  economy 
or  convenience  may  supervene  to  reduce  the  number  of  layers,  as  in  the 
Prazer  modification  of  coil-made  guns ;  but  theoretical  perfection  will  be- 
most  nearly  reached  in  that  gun  which  is  composed  of  the  greatest  num- 
ber of  layers.  To  attempt  to  forge  large  guns  in  single  blocks  is  a  direct 
violation  of  established  theory,  and  the  general  failure  which  has  attended 
such  attempts  is  a  practical  proof  of  the  truth  of  the  theory.  The  next 
point  to  consider  is  the  best  kind  of  material  for  the  fabrication  of  guns. 
In  determining  this  question,  the  choice  clearly  lies  between  steel  and 
wrought-iron.  I  say  this  with  no  disparagement  of  Major  Palliser's  system 
of  adopting  cast-iron  smooth-bore  guns  for  rifling,  by  introducing  a  tube- 
of  coiled  wrought-iron,  but  this  method  has,  hitherto,  only  been  applied 
with  success  to  guns  which,  though  formerly  classified  as  heavy  ordnance,. 
are  dwai  fed  by  comparison  with  the  ponderous  guns  of  the  present  day. 
For  these  we  require  the  greatest  strength  we  can  attain,  and  cast-iron, 
cannot  possibly  be  regarded  as  so  efficient  for  enveloping  the  internal 
tube  as  either  wrought-iron  or  steel.  In  discussing  which  of  these  two- 
materials  is  best,  I  shall  be  trespassing  on  controversial  ground.  Krupp 
and  Whitworth,  both  great  names  in  gunnery,  though  differing  widely 
in  their  views  on  other  point«,  agree  in  thi=,  that  steel  is  the  right  material 
for  the  entire  gun.  I,  on  the  other  hand,  have  always  advocated  wrought- 
iron  in  the  foim  of  welded  coil  for  the  chief  mass  of  the  gun,  limiting 
the  use  of  steel  to  the  internal  tube,  which  has  abrasion  to  resist  as  well  as 
tensile  strain.  The  expression  of  iny  opinions  upon  this  point  may  pro- 
bably not  be  considered  impartial,  but  I  will  nevertheless  state  the  grounds 
upon  which  my  preference  of  wrought-iron  thus  applied  is  based.  It  had 
been  found  both  in  the  Elswick  and  Woolwich  guns,  that  whenever  failure 
takes  place,  it  almost  invariably  originate?  with  that  part  which  is  made 
of  steel.  It  is  the  steel  tube  which  is  nearly  always  the  first  to  crack.  So 
also,  when  the  vent-pieces  or  closing  blocks  of  the  breech  loading  guns 
were  made  of  steel  their  fracture  was  alarmingly  frequent,  but  since  wrought- 
iron  has  been  substituted  such  occurrences  are  rare.  The  conclusion, 
therefore,  at  which  I  long  since  arrived,  and  which  I  still  maintain,  is  that, 
although  steel  has  much  greater  tensile  strength  than  wrought-iron,  it  is 
less  adapted  to  resist  concussive  strain.  This  conclusion  is  in  strict  har- 
mony with  the  fact  that  armour-plates  made  of  steel  have  proved,  on  every 
occasion  of  their  trial,  greatly  inferior  to  plates  of  wrought-iron.  The 
experiments  which  I  made  some  years  ago  on  the  toughening  of  steel,  in 
large  masses  by  immersion,  when  heated,  in  oil,  led  me  to  expect  that  this 
fragility  would  be  obviated  by  that  process,   and  I  felt  sanguine  that  I 
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should  be  able  by  such  treatment  to  produce  steel  armour-plates  of 
extraordinary  resisting  power.  An  armour-plate  of  steel  was  accordingly 
manufactured  for  experiment,  and  was  tempered  in  a  large  bath  of  oil.  Its 
quality  was  tried  by  test  pieces  cut  on7  after  tempering,  and  proved  by 
tension  and  bending.  The  results  showed  a  very  high  tensile  strength, 
combined  with  so  much  toughness,  that  I  was  uuable  to  match  its  bending 
power  by  any  sample  of  iron  I  could  compare  with  it.  The  plate  was  then 
sent  to  Portsmouth  for  trial,  in  the  fullest  confidence  of  it?  success,  but 
two  shots  from  a  68-pounder  sufficed  to  break  it  in  various  directions,  and 
it  was  justly  pronounced  a  failure.  With  these  experiences  before  me,  it 
is  impossible  that  I  can  hold  any  other  opinion  than  that  the  vibratory 
action  attending  excessive  concussion  is  more  dangerous  to  steel  than  iron, 
and  were  it  not  necessary  to  provide  a  harder  and  more  homogeneous  sub- 
stance than  wrought-iron  tor  the  surface  of  the  bore,  I  should  entirely 
discard  the  use  of  steel  for  the  manufacture  of  ordnance.  I  do  not  mean 
to  contend  that  very  strong  guns  may  not  be  made  of  steel,  but  I  am  con- 
vinced that  failures  will  be  more  frequent,  and,  I  may  add,  more  disastrous, 
with  sttel  than  with  iron,  when  the  conditions  of  trial  are  the  same.  The 
want  of  uniformity  in  the  quality  of  steel  continues  to  be  another  serious 
objection  to  its  use  ;  and,  in  addition  to  all  these  considerations  the  element 
of  cost  is  greatly  in  favour  of  wrought-iron  coil  construction  over  every 
mode  of  manufacture  in  steel.  I  will  now  offer  a  few  remarks  upon  the 
interesting  question  of  the  probable  future  of  guns.  Upon  the  solution  of 
this  question  depends  the  pattern  of  future  ships,  aud  also  the  policy  of 
continuing  or  abandoning  the  struggle  of  armour-plates  against  guns. 
From  my  previous  remarks  on  the  increase  of  pressure  with  which  we  have 
had  to  contend  as  we  have  increased  the  size  of  our  guns,  it  might  be  in- 
ferred that  we  were  now  nearly  reaching  a  limit,  beyond  which  the  strength 
and  endurance  of  our  material  would  not  enable  us  to  pase.  I  am  not  pre- 
pared to  say  how  far  we  could  have  advanced  under  the  recently  existing 
conditions ;  but  certainly  every  increase  of  size  would  have  been  attended 
with  increase  of  difficulty.  A  new  light,  however,  has  just  dawned  upon 
the  subject,  which  entirely  alters  the  prospect.  It  has  become  apparent 
that  the  power  which  we  hare  been  using  can  be  so  modified  as  to  produce 
the  required  effect,  with  greatly  less  strain  upon  the  gun.  It  may  appear 
paradoxical  that  there  should* be  a  limit  to  the  theoretical  advantage  of 
increasing  the  initial  pressure  of  the  gas  evolved  in  the  gun,  but  the 
apparent  anomaly  will  disappear  on  examination.  The  action  of  expand- 
ing gas  in  a  gun  is  analogous  to  that  of  expanding  steam  in  the  cylinder 
of  a  steam-engine,  and  we  all  know  the  advantage,  in  the  case  of  steam,  of 
having  a  high  pressure  to  begin  with,  provided  a  steam  jacket,  be  used  to 
maintain  the  material  of  the  cylinder  at  a  temperature  equal  to  that  of 
the  entering  steam.  But  in  a  gun  we  can  have  no  provision  analogous  to 
the  steam  jacket,  and  it  would  appear  that  it  is  owing  to  the  necessary 
absence  of  such  a  provision  that  there  is  a  limit  to  the  increase  of  initial 
pressure,  beyond  which  no  gain  of  propelling  force  is  realised.  Perhaps  I 
shall  not  he  fully  understood  without  explaining  this  curious  and  important 
subject  in  a  mere  definite  manner,  and  I  will  therefore  endeavour  to  do 
80.  The  force  exerted  in  a  gun  bears  a  certain  relation  to  the  heat  evolved 
by  the  gasification  of  the  charge.  The  greater  the  heat  the  greater  the 
force,  for  heat  is  nothing  more  than  unexpended  force.  I  have  already 
alluded  to  the  loss  of  heat  by  transmission  to  the  gun,  and  it  is  evident 
that  this  transmission  must  be  greatest  in  amount  when  the  heat  of  the 
gas  is  highest.  By  using  a  slower-burning  powder,  less  heat  and  pressure 
are  evolved  at  first,  and  the  waste  of  heat  in  the  stage  of  initial  pressure 
being  less,  more  heat  remains  for  expansive  action.  Hence  the  slower- 
burning  powder  is  weaker  at  first,  but  stronger  afterwards,  and  although 
the  total  quantity  of  gas  be  only  the  sum',  and  t ho  pressure  not  so  grenl 
at  any  point,  yet  the  aggregate  pressure  throughout  the  bore  may  equal 
that  of  the  more  energetic  and  more  dangerous  powder.  This  would  nut 
be  so  if  the  gun,  like  the  steam-jacketed  cylinder,  could  be  maintained  at 
the  maximum  temperature  of  the  elastic  medium  within.  Hut  in  the  case 
of  the  gun  that  temperature  would  be  far  above  the  melting  point  of  its 
own  material.  It  is  only  lately  that  attention  has  been  strongly  directed 
to  the  powder  question  in  England.  In  l!u^sia  and  Prussia  where  great 
efforts  have  been  made  to  obtain  endurance  with  large  rifled  guu>,  p  iwdar 
similar  in  granulated  form  to  tint  used  in  England  has  long  been  wholly 
discarded  an  1  superseded  by  powder  stamped  into  prismatic  blocks  which 
burn  more  slowly  ;  but  although  we  have  erred  in  using  a  powder  tor  our 
new  ordnance,  so  violentns  to  bo  justly  designated  ' '  brutal"  bj  tie'  French, 
yet  we  have  this  satisfaction,  that  the  ordeal  which  our  L'uns  have  sustained 
with  our  severer  powder,  affords  an  assurance  of  strength  which  we  could 
not  have  hnd  if  thoy  had  only  withstood  the  mild  description  ol  powder 
witli  which  alone  continental  gnnS  hive  be  fully  tried.      Attention 
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gun  are  determined,  by  the  use  of  an  instrument  of  equisite  delicacy, 
invented  by  my  friend  and  partner.  Cap'.  Noble.  This  iustrumi  lit.  uhieh  is 
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velocity  attained  by  the  projectile  at  any  number  of  points  in  the  gun,  and 


from  these  velocities  the  pressures  are  deduced  by  calculation.  Thus  a 
diagram  of  pressure  can  now  be  exhibited  for  gas  in  a  gun,  as  well  as  for 
steam  in  a  cylinder,  and  I  think  you  will  agree  with  me  in  regarding  this 
result  as  no  small  triumph  of  mechanical  science.  The  mitigation  of 
initial  pressure,  which  is  now  known  to  he  compatible  with  the  maintenance 
of  efficiency,  opens  a  new  future  for  guns,  and  removes  all  doubt  as  to  the 
practicability  of  increasing  their  size  and  power  to  an  extent  which  it 
would  be  vain  to  follow  on  the  side  of  the  defence  by  increase  in  the  thick- 
ness of  armour.  No  present  armour-clad  vessel  is  proof  against  present 
guns,  and  there  is  not  the  slightest  probability  that  future  armour  will  be 
proof  against  future  guns.  Ships  of  the  Warrior  class  can  already  be 
pierced  with  shot  or  shell,  fired  at  considerable  ranges,  by  even  second- 
class  guns,  and  the  still  stronger  ships,  now  in  course  of  construction,  are 
pretty  sure  to  be  similarly  overtaken  in  a  very  few  years.  Unless  armour 
be  invulnerable,  it  is  of  very  doubtful  advantage  'as  a  defence.  It  will, 
perhaps,  prevent  the  entrance  of  shells,  containing  large  bursting  charges 
but  on  the  other  hand  the  passage  of  a  shot  through  the  thick  side  of  an 
armour-clad  carries  with  it  a  mass  of  fragments  that  would  act  with  terri- 
ble effect  upon  the  crew.  If  we  cannot  stop  a  shot,  the  next  best  thing  is 
to  facilitate  its  passage  through.  Wooden  ships  are  out  of  the  question, 
because  they  are  combustible,  but  we  may  have  ships  of  iron  without  the 
armour.  Whatever  weight  we  carry  as  armour,  we  lose  as  armament,  and 
if  we  lessen  the  offensive  power  of  a  ship,  by  loading  her  with  armour,  we 
ought  to  be  very  sure  that  the  armour  will  realise  its  defensive  purpose. 
The  efficiency  of  modern  ordnance  against  armour-plates  is  dependent,  not 
only  on  the  power  of  the  gun,  but  also  upon  the  material  and  form  of  the 
projectile.  Ordinary  cast  iron  proved  absolutely  useless  for  projectiles  to 
be  used  against  thick  armour-plates,  and  until  Major  Palliser  applied  the 
process  of  chilling  to  the  manufacture  of  cast-iron  projectiles  there  was 
every  reason  to  believe  that  hardened  steel  was  the  only  material  that 
could  be  used  for  this  purpose  with  effect.  The  process  of  chilling  gives 
extreme  hardness  to  cast  iron,  but,  in  point  of  toughness,  a  chilled  cast- 
iron  shot  is  inferior  to  one  of  steel.  Steel,  however,  though  much  less 
liable  to  break,  is  more  easily  crushed  ;  and  this  brings  me  to  notice  a 
curious  evidence  of  difference  in  the  amount  of  the  penetrative  power  lost 
by  crushing  and  by  breaking.  A  crushed  projectile  is  always  much  heated 
by  the  blow,  but  the  fragments  of  a  chilled  projectile  remain  cool.  Henoe 
we  see  that  crushing  detracts  more  from  the  power  of  a  projectile  than 
breaking,  because  the  heat  developed  in  a  projectile  by  striking  a  plate,  is 
a  criterion  of  the  amount  of  force  expended  upon  the  projectile  instead  of 
the  plate.  We  accordingly  find  that  a  Palliser  shot  breaking  by  impact 
will  nevertheless  pierce  more  easily  than  a  steel  shot  which  remains  whole, 
but  yields  to  crushing.  As  to  the  proper  form  of  head  to  be  given  to  the 
projectile  for  piercing  armour,  you  will  remember  that  a  few  years  ago  this 
question  was  hotly  contested  between  the  supporters  of  round  heads  and 
tint  heads;  hut,  as  often  happens  in  the  case  of  human  contentions,  not 
limited  to  the  sphere  of  mechanical  engineering,  both  parties  were  after- 
wards proved  to  be  wrong.  When  Major  Palliser  brought  forward  his 
chilled  projectile,  he  advocated  a  pointed  head,  and  with  the  new  material 
he  was  found  to  be  right.  Major  Palliser  has  competitors  on  the  Con- 
tinent, whose  claims  I  cannot  pretend  t  I  weigh!  but  in  this  country,  at  all 
events,  he  is  entitled  totho  honour  of  improving  both  the  material  and  the 
form  of  the  projectile,  thereby  greatly  Increasing  the  penetrative  power  of 
our  artillery,  and,   at  the   same  time,  effecting  a&  SUOrmoUB  economy  ill  the 

manufacture  of  projectiles.     The  most   legitimate  use  of  instiuments  of 

war  is  for  the  purpose  ol  home  defence,  and  1.  therefore,  proceed  with 
satisfaction  to  notice  a  class  of  inexpensive  vessels  requiring  no  armour, 

ami  adapted  to  render  the  heaviest  artillery  available  for  the  protection  of 
Our  shores  and  harbours.  I'ntil  very  recently,  there  seems  to  have  been  an 
impression  that  largo  guns  required  large  vessels  to  carry  them  :  but  the 
fallacy  of  this  idea  bus  been  practically  shown  by  the  proving  barge  of  the 
Blswick  Works,  which  is  a  mere  floating  gun-carriage.  This  little  vessel; 
which  is  only  si  sty  tons  burden,  is  continually  used,  without  difficulty,  for 
the  trial  of  twelve-ton  guns  at  bca,  even  when  the  swell  is  considerable. 
This  proving  barge  was  the  origin  Of  Mr.  Rendell's  idea  of  the  now  well- 
known  gun-boat  Staunch.  The  Elstcick  barge  has  no  steam  power,  and 
thus  represents  the  minimum  of  size ;  but  the  Staunch  is  provided  with 
Steam  power,  both  for  propulsion  by  means  of  twin  screws,  and  for  work- 
in,'  her  twelve-ton  gun.  She  is,  thercforo,  somewhat  larger  than  the 
Elfuriok  barge,  and  yet  so  small  as  to  be  very  inexpensive,  and  at  the  same 
time  a  verj  difficult  mark  to  hit.  To  burden  such  a  vessel  ivith  armour 
would  at  once  increase  her  size  and  her  cost,  thus  rendering  her  more  easy 
t  >  hit,  and  mere  expensive  to  lose.  A  simple  screen  might,  perhaps,  be 
a  Ivantageonsly  applied  as  a  protection  against  shrapnel;  but  thick  armour 
it  us,  ,1  a!  all,  should  be  reserved  for  ocean  ships.  I  have  so  recently 
published  my  views  on  the  subject  of  this  vessel  that  I  need  not  now  repeat 
them  further,  merely  observing  that  gum  of  the  largest  size  now  made,  or 
BVei  likely  to  he  made,  may  be  mounted  in  vessels  similar  to  the  Staunch, 
without  increasing  their  tonnage  in  more  than  a  proportionate  degree. 
Another  recent  invention,  highly  favourable  to  defence,  is  the  celebrated 
gun-carriage  of  Captain  Monericfl'.     By  the  ingenious  arrangement  of  this 
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carriage,  the  recoil  of  the  gun  operates  in  a  downward  direction,  and  in 
descending  it  lifts  a  counterweight,  which  when  liberated,  alter  loading, 
raises  the  gun  again  to  the  height  necessary  for  firing  over  the  edge  of  a 
parapet.  By  this  mechanism.,  the  gun  is  handled  with  almost  perfect 
security  to  the  men,  and  is  itself  exposed  in  the  smallest  possible  degree, 
and  only  for  a  few  seconds  while  being  fired.  No  embrasures  being  required, 
the  gun  is  not  restricted  in  lateral  range.  This  is  the  characteristic 
advantage  of  the  barbette  system  of  mounting  guns,  which  has,  however, 
the  fatal  objection  of  exposing  both  guns  and  gunners.  Embrasures  are 
always  a  source  of  trouble  in  fortifications.  1  hey  not  only  admit  but  guide 
projectiles  into  the  fort  at  the  very  points  where  guns  are  placed.  In  iron 
defences,  the  opening  for  the  gun  is  even  more  objectionable.  Not  only 
does  it  weaken  the  whole  structure,  but  it  serves  to  break  up  cast-iron 
shot,  sti iking  on  the  edge,  and  thus  to  occasion  terrible  destruction  inside. 
I  may  state  as  a  fact,  communicated  to  me  by  a  Brazilian  officer,  on  whose 
testimony  I  rely  implicitly,  that  in  the  late  Paraguayan  war,  in  which  he 
was  engaged,  he  saw  whole  gun  crews  swept  away  in  the  Brazilian  iron- 
clads by  common  east-iron  round  shot,  contemptible  for  piercing  even  the 
weakest  anncur,  but  which,  striking  the  edge  of  the  port,  entered  the 
ship  in  a  torrent  cf  fragments.  The  Moncritff  gun-carriage  gives  great 
additional  value  to  earth-works,  and,  in  fact,  may  by  useel  in  mere  pits 
which  would  be  wholly  invisible  to  an  enemy.  It  will  probably  also  prove 
to  be  availble  in  combination  with  iron  defences  as  a  means  of  avoiding 
the  objection  of  port-holes,  and  it  will  have  the  effect  of  placing  muzzle- 
loading  guns  on  a  par  with  breech-leaders  in  regard  to  security  and  ease 
of  loading.  Captain  Moncriefl's  invention  will  play  a  very  important  part 
in  defensive  operations,  and  will  greatly  reduce  the  expense  of  fortifica- 
tion. Many  other  instances  may  be  cited  in  illustration  of  the  tendency  of 
mechanical  progress  to  favour  elefence.  Thus  the  increasing  size  of  guns 
renders  them  difficult  to  transport  for  offensive  use  abroad,  but  creates  no 
impediment  to  their  deftnsive  application  at  home.  Or,  if  we  look  to  the 
nautical  side  of  the  subject,  we  see  that  the  conditions  sought  to  be  attained 
in  war-ships  for  aggressive  action  involve  enormous  cost,  and  that  the 
great  size  of  these  vessels  makes  them  favourable  targets  for  the  fire  of 
opposing  artillery.  On  the  other  band,  the  vessels  required  for  coast  and 
harbour  defence  are  of  cheap  construction,  and  their  small  size  and  facility 
of  movement  give  them  the  advantage  of  being  difficult  to  hit.  Thp 
Moncrieff  carriage  is  applicable  almost  exclusively  to  defensive  purposes; 
anel  the  same  may  be  said  of  torpeeloes,  which  by  many  ingenious  contri- 
vances, have  recently  been  renelered  most  formidable  obstacles  to  naval 
attacks  upon  seaports.  The  tendency,  therefore,  of  mechanical  invention, 
as  applied  to  war,  is  to  discourage  aggression,  and  thus  to  maintain  peace, 
We  may,  consecruently,  hope  that  it  will  hasten  the  arrival  of  a  period 
when  civilized  nations  will  abanelcn  the  arbitrament  of  arms,  anel  settle 
their  differences  by  rational  and  peaceable  methods.  But,  while  I  defend 
the  mechanical  branch  cf  military  science  from  all  imputation  of  serving 
the  cause  of  war,  I  do  not  forget  that  it  is  to  the  civil  branch  of  mechani- 
cal engineering  that  the  honour  of  promoting  the  friendship  of  nations 
especially  belongs.  It  is  by  the  facilities  it  gives  to  intercourse  and 
exchange,  and  by  the  reciprocal  benefits  which  flow  therefrom,  that  it  teaches 
men  how  much  they  have  to  gain  by  peace  anel  lose  by  war. 


HYDRAULIC  MACHINERY  FOR  WAREHOUSING  GRAIN. 

A  paper  by  Mr.  Percy  G.  B.  Westmacott,  of  Elswick,  was  read  by  the 
Secretary,  the  subject  being  a  description  of  the  hydraulic  machinery  for 
warehousing  grain  at  the  Liverpool  Docks.  The  following  is  an  epitome. 
Blocks  of  warehouses  have  been  erected  by  the  Mersey  Dock  and  Harbour 
Board,  ably  designed  and  executed  under  the  supervision  of  Mr.  Lyster,  the 
dock  engineer,  for  the  stowing  and  conditioning  of  grain  and  bread  stuffs. 
The  dock  upon  which  thoy  are  situated  is  570ft.  wide  by  230ft.  broad  at 
one  enel,  and  180ft.  at  the  other,  with  a  depth  at  high  water  spring  tides  of 
34ft.  over  the  sill  of  the  gate.  The  blocks  on  the  east  and  west  sides  of  the 
dock  are  650ft.  long  ;  and  that  on  the  north  end  185ft.,  the  whole  range 
being  70ft.  wide.  The  buildings  contain  five  storeys.  Above  the  fifth  or 
upper  storage  floor  and  partly  in  the  roof  is  placed  the  machinery  floor, 
and  below  the  quay  level  are  wells  and  arched  subways  for  the  reception  of 
the  unelerground  machinery.  The  total  storage  capacity  of  the  floors  ex- 
clusive of  thecjuay  floor  (at4qrs.  to  the  square  yard)  amounts  to  196,000qrs. 
of  grain.  The  ends  of  the  east  and  west  blocks  are  constructed  to  receive  iron 
chambers  for  conelitioning  grain  on  the  Deveraux  system  in  order  to  m-epare 
it  for  the  market  by  drying.  The  steam  engine,  the  prime  move/ of  the 
whole  plant  of  machinery,  was  of  370  horse  power,  and  that  in  aeldition  to 
di-iving  the  machinery  in  the  warehouse,  supplied  power  working  for  the 
lock  machinery  and  the  bridge  over  the  entrance,  consisting  of  two  60ft. 
and   one   50ft.  bridges,  twelve  sluices,  ten  powerful  ship  capstans,  and 


twenty-four  machines  for  opening  and  closing  the  lock  gates.  Prom 
returns  taken  of  the  importation  into  Liverpool  of  the  different  descrip- 
tions of  breadstuff's  for  the  years  1858-63  it  was  estimated  that  the  ware- 
houses should  be  constructed  capable  of  working  250,000  tons  per  annum, 
irrespective  of  other  ordinary  merchandise.  Having  described  the  principal 
processes  required  to  be  performed  by  the  machinery,  and  the  best  means 
likely  to  secure  the  requisite  power,  and  especially  the  kind  of  power,  and  the 
most  convenient,  practical,  and  least  costly  method  of  applying  and  distri- 
buting that  power,  the  writer  stated  that  it  was  found  after  experiment 
that  no  system  of  motive  power  or  combination  of  systems  conld  be  found 
to  meet  those  requirements  in  the  aggregate  with  so  much  effect,  conve- 
nience, and  economy  as  the  hydraulic  system.  Having  noticed  the  facility 
with  which  this  power  bad  been  conveyed  for  long  distances  at  the  Birken- 
head elocks,  and  also  the  advantages  otherwise  of  propelling  grain  horizon- 
tally by  means  of  screws,  the  author  stated  the  results  of  the  latter  system. 
At  60  revolutions  per  minute  (the  maximum  effective  speed)  grain  coulelbe 
discharged  by  a  screw  in  use  at  a  certain  brewery,  at  the  rate  of  6|  tons  per 
hour,  being  at  the  rate  of  l-25th  horse  power  for  every  foot  run.  With  a 
screw  subsequently  put  into  operation  of  12in.  diameter,  and  driven  at  the 
rate  of  70  revolutions  per  minute  (the  most  effective  speed),  34  tons  of  grain 
per  hour  were  dischargee!.  The  effect  upon  the  grain  in  the  latter  case  was 
marked,  it  being  rubbed  and  polished,  and  thereby  improved  in  marketable 
condition.  But  the  long  distance  through  which  the  grain  had  to  be  con- 
veyeel  horizontally,  amounting  collectively  to  7,000ft.,  and  the  power  re- 
cpiired  to  perform  the  operation,  even  with  the  best  form  of  screw,  rendered 
it  expedient  to  seek  some  other  method  less  absorbent  of  power,  and  recourse 
was  hael  to  endless  travelling  banels.  Experiments  were  made  with  a  12-in. 
band,  constructed  of  canvas  and  india-rubber.  It  was  found  that  a  speed 
of  9ft.  per  second  could  be  attained  with  heavy  grain,  and  still  more  with 
peas.  The  amount  of  grain  discharged  by  the  12-in.  band  at  the  speed  of  8ft. 
per  seconel,  was  at  the  rate  of  about  35  tons  per  hour.  Further  trials  were 
carried  on  with  an  18-in.  band,  made  of  two  plies  of  si  out  canvas,  covered 
with  vulcanised  india-rubber.  To  meet  the  requirements  of  passing  grain 
from  off  the  straight  banels  to  either  side  at  certain  points  along  the  travel, 
several  contrivances  with  air  blast,  and  brushes  driven  from  the  band  itselfj 
were  tried,  but  with  inelifferent  success.  Both  methods  were  objectionable 
on  account  of  raising  dust,  and  the  friction  of  the  brush  proved  in  time 
injurious  to  the  band.  The  idea  then  occurreel  of  diverting  the  line  of  the 
current  of  grain  by  means  of  an  upward  deflexion  of  the  band,  thus  casting 
the  grain  clear  from  the  band  into  the  air  for  a  short  distance;  it  could  then 
be  received  upon  a  band  travelling  in  any  other  direction,  and  if  necessary, 
could  be  passed  rounel  the  warehouse  from  one  side  to  the  other,  or  even 
make  a  circuit  of  three  sides  of  the  block,  according  to  the  method  in  which 
it  was  intended  to  dispose  of  it,  or  the  place  in  which  it  was  to  be  deposited* 
The  were  fifty-six  spouts,  8jin.  square,  from  the  upper  to  the  various  other 
floors.  No  difficulty  was  experieuceel  in  keeping  the  grain  on  the  band, 
but  it  was  found  necessary  to  glide  the  grain  on  to  it  from  the  feeding 
hopper,  through  a  spout  rather  less  than  half  the  breaelth  of  the  band,  at 
an  inclination  of  42j  degrees,  which  would  impaita  velocity  to  it  on  falling 
approximating  to  that  of  the  banel.  The  maximum  amount  of  heavy  grain 
conveyed  by  the  18-in.  band  was  at  the  rate  of  70  tons  per  hour;  the  power 
required  for  driving  the  band  when  fully  loaded  was  ascertained  to  be  equal 
to  about  l-70th  horse-power  effective  per  foot  run.  The  paper  then  elescribed 
the  boiler  and  engine,  &c,  and  also  other  apparatus  with  which  the  ware- 
houses are  furnished,  including  the  cranes  and  the  two  accumulators,  each 
of  which  latter  is  weighted  with  a  load  of  70  tons,  acting  on  a  ram  17in. 
eliameter,  and  the  auxiliary  accumulator  with  a  load  of  100  tons,  acting  on  a 
20-in.  ram.  The  form  of  tub  in  which  grain  is  lifted  from  the  holds  ofships, 
and  the  hoppers  through  which  it  is  passed  for  various  purposes,  having 
been  minutely  described,  the  author  detailed  the  construction  and  capacity 
of  the  elevator,  which  consists  of  a  wrougbt-iron  bucket,  capable  of  con- 
taining about  21  cwt.  of  grain.  It  was  slung  in  an  arrangement  of  bars 
and  levers,  provieled  with  guiding  rollers,  which  enabled  the  bucket  to  run 
in  special  grooves  to  the  top,  for  the  discharge  of  the  grain  into  the  upper 
hopper,  which  communicates  with  the  same  cross  bands  that  convey  the 
grain  from  the  hopper  under  the  crane.  Casks,  bags,  and  other  merchan- 
dise might  be  raised  or  lowered  by  two  classes  of  machines — one  by  means 
of  the  hydraulic  cradle  noists,  of  which  there  were  12;  the  other  by  means 
of  20  jiggers.  Twelve  double-acting  10  cwt.  jiggers  had  also  been  added  to 
the  plant  in  the  central  block,  to  lift  and  lower  goods  to  and  from  railway 
waggons.  The  paper  lastly  directed  attention  to  one  of  the  great  advan- 
tages which  the  hyelraulic  system  possessed  in  so  eminent  a  degree, 
namely,  the  facility  afforded  for  the  extension  of  power  to  any  point  where 
the  demand  for  aelditional  contrivances  to  save  time  and  hand  labour  was 
felt. 

Mr.  Westmacott,  in  reply  to  a  member,  said  that  the  apparatus  had  been 
in  operation  upwards  of  a  year.  There  had  been  no  tendency,  as  yet  observed, 
in  the  bands  to  wear  out,  though  they  had  done  an  immense  amount  of 
work.  The  graiu  sustained  no  injury  from  the  bands,  as  when  propelled  by 
the  screws. 
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THE  NAVIGATION  OF  CANALS. 

A  very  voluminous  paper,  prepared  by  Mr.  Max   Eyth,  of  Leeds,  was 
afterwards  submitted   "On  towing  beats  on  canals  and  rivers  by  a  fixed 
wire  rope    and    clip    drum."     The    subject    was  profusely  illustrated   by 
coloured  diagrams  of  very  great  size  ;  we  append  the  following  abstract  : — 
In  the  application  of  steam  power  to  river  and   canal  navigation,   the 
writer  remarked,  the  greatest  obstacle  to  be  encountered  had  been  the  loss 
of  power  that  was  inseparable  from  the  ordinary  methods  of  propulsion  by 
paddle-wheels  or  screw  propellers.     As  the  resisting  water  formed  the  ful- 
crum upon  which  the  bearing  was  taken  for  propelling  the  vessel,  the  result 
was  that  a  great  quantity  of  water  was  put  in   motion,  and  a  considerable 
amount  of  power  exercised  without  any  useful  effect  being  produced.  Thus, 
even  under  the  most  favourable  circumstances,  when  ■working  on   a  broad 
•sheet  of  deep  water,  the  ordinary  propellers  lost  from  40  to  50  per  cent,  of 
the  power   applied  to  them  :  and,   under  the  peculiar  circumstances  met 
with  on  rivers  and  canals,  their  useful  effect  was  frequently  reduced  to  less 
-than  25  per.  cent,  of  the  power  applied.     On  canals,  tbe  increased  difficulty 
■to  be  encountered  arose  from  the  presence  of  tbe  locks,  the  small  section 
of  water  through  which  tbe  boats  had  to  be  driven,  and  tbe  swell  produced 
by  the  increased  speed  of  the  boats,  for  which  tbe   small  section  of  water 
was  not  originally  calculated.     Moreover,  as  the  only  admissible  means  of 
propulsion  was  by  screws  or  paddle-wheels  placed  at  the   stem,    the  water 
put   in   motion  by  them    was  withdrawn  from    tbe   stern  of  the  tug,  and 
thrown  against  the  hows  of  the  boats  in  tow  ;  the  water  level  in  the  canal 
was -thereby  disturbed,  and  tbe  hollow  created  at  the  stern  of  the  tug  had 
to  be  filled  up  by  the  water  in  front  of  tbe  tug  running  backwards  through 
the  narrow  passage  left  between  the  tug  and  the  sides  of  the  canal.     The 
consequence  of  this  was  that  engines  of  considerable  power  had  to  be  used 
for  towing  a  given  freight;  and  hence,  owing  to  the  small  size  of  the  locks 
through  which  they  had  to  pass,  it  was  of  the  utmost  importance  that  the 
engines  employed  should  occupy  as  little  as  possible  in  the   holds  of  the 
vessels,  in  order  that  the  cost  of  steam  propulsion  might  not  he  further  in- 
creased by  a  source  of  diminution  in  the  amount  of  freight  that  could  he 
carried.     As  it  was  admitted  tbat  a  dead  pull   from  a  fixed  point  was  un- 
doubtedly the  most  effective  mode  of  gaining  power,  it  had  now  been  deter- 
mined to  adopt  a  system  on  canals  and  rivers  of  towing  by  means  of  a  fixed 
wire  rope  and  clip  drum.     The  rope  was  laid  in  the  bed  of  the  river  or  canal 
from  end  to  end,  being  anchored  ouly  at  its  two  extremities,  and  an  engine 
on  the  deck  of  tbe   boat   w;is   then  attached  to  tho  rope  and  wound  itself 
along  to  its  destination.     The  idea  was  not  altogether  new,  as  attempts  had 
been  made  on  tbe  Bhine  by  the  French  Marshal  dc  Saxe,  as  early  as  tbe 
year  1732,  to  transport  war  material  through  different  rivers  of  the  country 
by  means  of  a  horse  windlass  on  the  boats,  which  woundup   a   rope  made 
fast  on  fie  bank  of  the  river  at  tbe  extreme  end.     In  1820  a  regular  ser- 
vice on  the  game  principle  was  established  on  the  Rhone,  by  TouraBse,  and 
it  MiccessfuMy  overcame  the  difficult  portions  of  the  river   between  Givers 
and  Lyons.     After  noticing  tlte  drawbacks  of  the  plan,  however,   and  the 
many  obstacles  in  the  way  of  a  free  use  of  chains  or  winding  drums,  the 
paper  added  that  the  present  system — consisting  of  a  dip  drum  working 
along  a  submerged  wire  rope— had  been  invented  and  matured  by  Baton 
Oscar  dc  Mesnil,  ;i   Belgian   gentleman,    and   the  author  himself;  the  first 
experiment  having  been  made  at  Leec's  in  18G0  for  John  Fowler  and  Co., 
and  since  repeated  more  extensively    on    several   American  canals  and  also 
in   Belgium.     The  first  application  of  the  submerged  wire  was  made  on 
the  river  Meuse,  where  a  line  12  miles  in  length — from  Nainur  to  Liege — 
had  been  in  successful  operation  Btnce  18G8,  and  was  now  being  extol  del 
1)0  milei  through  tin-  Canal  de  lfl  Campine  to  Antwerp.      Having  described 
tbe  Canal   dc   li  Charlerol,  in   Belgium,  the  writer   added  thai  one  of  tbe 
on  it    was  62ft.  long    by   8ft.   broad,  and  drew  3ft.  water;  while  the 
wire  rope,  five-eighths  of  an  inch  in  diameter,  wonnd  round  a  5ft.  clip 
dram.      Li  addition  to  these  there  was  a  winding  drum   used   fa-  the  pur- 
pose of  obtaining  a  sufficient  amount  of  Black  in  tho  rope  for  enabling  the 
•,h«ii  off  tbe  rope,  to  hitch  on  again  at  any  place  without  delay.     The 
speed  of  the  engines  here,  lO-horse,  was  so  revolutions  per  minute  with 
OOlbs.  pressure  of  steam,  and  the  speed  varied  from  one  to  three  miles  j 

but  on  the  river  Meu-e  tiny  bad  engines  of  14-b.p.,  working  up  stream  at 
from  three  to  six  miles  an  hour,  although  on  the  downward  journeys   this 

l  bo  increased  to  ten  miles  by  running  the  engine  at  120  to  180 
revolutions.     In  some  place*,  also,  they  had  smaller  boats  lilted   with  por- 

■  engines — engines  that  could  easi'y  be  transferred  from  one  boal  to 
another;  and  while  thetc  were,  by  a  very  ingenious  contrivance,  enabled 
tn  p:isn  through  the  narrowest  parti  of  a  canal  or  the  lowest  bridges,  they 
could  easily  travel  at  2]  miles  an  bom-  with  two  200-ton  barges  fasti  ued 
behind  them.    The  rones  were  in  all  the  cases  laid  along  the  side  of  the 

,  end  never  osed  to  the  air  they  were  not  liable  to  injury 

bj  i  cidatton,  neither  were  they  subject  to  fracture  or  obstruction  on  the 
bed  of  the  river.    Tbe  rope  used  on  the  river  Mi  only  one  Inch  in 

diameter  of  iron  wire,  the  greater  part  being  galvanised,  and  bavins  a 
breakh'g  strain  of  14  tons.  The  weight  was  sjlbs.per  yard,  and  cost,  in- 
cluding the  laying;  down,  £98.    Tbe  maximum  work  done  bj   one  to 


14b. p.,  was  towing  18  boats  containing  a  total  cargo  of  1,000  tons;  while, 
by  another,  1,500  tons  freight  was  towed  in  10  boats.  Both  trips  were 
made  up  stream,  and  at  from  2£  to  3  miles  an  hour,  including  stoppages. 
The  average  work  of  the  tugs  was  to  tow  700  or  900  tons  of  cargo,  in  8  or 
12  boats  of  different  sizes  —the  steering  in  all  cases  being  good — while  the 
average  amount  of  coal  consumed  by  the  14-horse  tug  amounted  to  three- 
quarters  of  a  hundredweight  per  mile,  and  the  working  expenses  to  £22 
per  month.  The  cost  of  towing  on  the  canals  where  the  system  was  now 
in  operation,  amounted  to  not  more  than  005d.  (or  one-twentieth  of  a 
penny)  per  ton  per  mile,  including  the  working  expenses,  the 
management,  the  interest,  and  the  redemption  of  capital.  This  result  was 
not  only  another  illustration  of  the  great  advantage  which  inland  naviga- 
tion possessed  over  any  other  mode  of  carrying  heavy  traffic  where  speed 
was  not  required,  hut  it  also  proved  the  important  commercial  value  of 
this  particular  mode  of  towing  as  compared  with  any  of  the  other  methods 
hitherto  in  general  use.  The  average  cost  of  towage  by  animal  power  ou 
four  English  canals  amounted  to  0'35d.  per  ton  per  mile,  and  on  seven 
French  canals  was  0'27d.  With  paddle  tugs  on  the  Thames  the  cost  was 
0'48d.,  and  on  six  rivers  in  France  it  was  as  high  as  0-80d.  per  mile.  The 
employment  of  screw  tugs  on  three  English  canals  resulted  in  an  average 
cost  of  0'27<L ;  whilst  towing  by  boats  carrying  their  own  machinery  cost, 
on  seven  English  canals,  0-20d.  per  mile.  In  conclusion,  the  author  re- 
marked that  while  railways  had  undergone  so  wonderful  a  development 
during  the  past  thirty  years,  the  quieter,  but  often  more  important,  mode 
of  transporting  heavy  goods  by  inland  navigation  had  remained  compara- 
tively neglected.  It  was  true  that  the  natural  features  of  England  w  ere 
not  very  favourable  for  inland  navigation,  although  there  was  in  the  United 
Kingdom  a  total  length  of  2,000  miles  of  navigable  water  courses;  but  on 
the  continent,  in  the  colonies,  and  especially  in  India,  there  was  a  vast 
amount  of  traffic  for  which  no  better  highways  could  be  found  than  those 
already  traced  by  nature  in  the  rivers  and  streams  penetrating  the  interior 
of  the  country.  The  system  ot  wiic-rope  towing  tbat  had  now  been  de- 
scribed, placed  inland  navigation  in  a  similar  relative  position  to  that  in 
which  the  road  traffic  was  placed  by  the  introduction  of  the  railway  and 
the  locomotive.  By  means  of  the  clip  drum,  the  tug  obtained  a  hold  upon 
the  flexible  rope  laid  on  the  water  course  precisely  in  the  same  manner  as 
the  driving  wheel  of  the  locomotive  took  hold  of  the  rigid  rail  upon  which 
it  ran  ;  and  the  great  advantage  ot  steam  power  might,  therefore,  be 
similarly  brought  to  hear  on  the  movements  of  vessels  in  water — leaving  to 
railways  all  their  superiority  in  regard  to  speed,  but  restoring  to  rivers  and 
canals  their  advantages  in  reduction  of  traction. 


KE SOLVING  BALL  FURNACES. 


The  Secretary  read  a  paper  by  Mr.  R.  Calvert  Clapham  and  Mr.  Henry 
C.  Allbusen — "Description  of  a  revolving  furnace  for  chemical  works." 
The  writers  stated  that  the  conversion  of  sulphate  of  soda  into  crude  or 
ball  s  da  is  the  third  process  conducted  in  alkali  works ;  and  its  importance 
will  be  understood  from  the  statement  that  in  tbe  Tyne  district  alone  155,000 
tons  and  L.  500,000  represent  tho  total  annual  quantity  and  value  of  the 
sulphate  of  soda,  chalk,  and  coals  operated  upon  in  reverberatory  and  re- 
volving ball  furnaces.  The  revolving  furnaces  wore  introduced  in  1853  by 
Messw.  George  Elliott  and  Win.  Russell,  with  the  object  of  effecting  by 
machinery  that  which  from  171)4  had  been  accomplished  by  haul  labour; 
but,  owing  to  the  numerous  practical  difficulties  encountered,  the  economy 
and  otbl  r  advantages  expected,  weie  not  realized,  and  no  extensive  appli- 
cation of  the  cylindrical  furnace  would  yet  have  taken  place  had  it  not  been 
for  the  perseverance  of  Messrs.  Stevenson  and  Williamson,  of  the  Jarrow 
Chemical  Works,  who  made  sundry  improvements  on  the  original  plan, 
and  erected  five  of  the  fifteen  revolving  furnaces  now  working  in  England. 
In  this  description  of  furnace  the  chaige  of  material  t)  be  acted  upon  is 
placed  iii  i  revolving  cylinder,  constructed  of  5-liiths  boiler  plate,  lined 
with  lire  bricks,  and  mount  id    o  ■■    to  allow  tbe  heat  from   the  furnace  at 

one  end  of  the  cylinder tveniently  to  pass  through  i',  and  over  the  liquid 

contained  in  the  evaporating  pan  at   the  other  end.     En  the  brick  lining 

are  fixed  two  rows  of  fire-  lay  blocks,  termed  '•breakers."  bj  which  the 

contents  Are  thoroughly  mixed  and  successively  exposed  to  the  nir.  Between 

trnaci    ud  cylinder  a  loose  collar  is  adjusted  consisting  of  a  wrought 

iron  hoe])  lined  with  brick  Work;   and  between  the  pan  and  cylinder  at  the 

Bud  is  left  n  space,  termed  the  smoke  chamber,  so  that   I  ie  greater 

part  of  the  materials  carried  forward  by  the   strong    draught   may  be 

di  ]  o  iti  'i  '  hi  i    instead  of  In  the  liquid  to  be  evap  tratx  >l.     [n  too  don  dcast 

at  the  extremity  of  the  pan,  a  main  or  horizontal  damper  Is  chained,  so 

re  than  the  requisite  draught  can  be  taken— further  control 

given  !■■  a  vertical  damper  placed  between  the  pan  and  down  i 

and  count erbnlalii'ed  by  a  weight  suspended  near  the  en.- 1 ne.    I  In    "charge" 

.it  Messrs.  Allbusen's  works  consists  of  sulphate  sfsoda  -ir»i,;  chalk, 

26cwt  L2owt.    The  sulphate  of  soda  mils  through  a  |  !u.  screen. 

irged  in  as  delivered  into  its  depot,  whilst   the  ooolsare 

divided,  8cwt.  being  mixed  with  the  sulphate,  and  9owt,  with  the  chalk, 
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On  the  day  shift,  five  charges  are  worked;  on  the  night  shift,  six;  the  full 
work  being  six  days,  at  12  tons  2ewt.,  sulphate  of  soda  24  hours.  The 
method  of  proceeding  is  as  follows  :— The  25  cwts.  chalk,  and  9  cwts.  coal 
are  charged,  and  the  cylinder  is  made  to  revolve  in  the  slow  motion.  After 
lhour  lOmin.,  the  conversion  of  the  chalk  into  lime,  or  "liming,"  is  gene- 
rally effected,  and  always  indicated  by  a  bluish  flame  round  the  charging 
door;  the  22  cwt.  sulphate  and  3  cwt.  coal  are  then  added,  the  vertical 
damper  being  lowered  for  ten  minutes  so  as  to  give  the  smallest  amount, 
of  draught.  In  about  twenty  minutes  after  the  vertical  damper  has  been 
raised,  the  fluxing  of  the  sulphate  becomes  apparent  by  the  escape  of  a 
bright  yellow  flame  round  the  charging  door,  and  the  workman  at  once 
changes  the  motion  from  slow  ti  quick.  A  small  door  in  the  arch  over  the 
pan  enables  him  to  ascertain  when  the  decomposition  of  the  materials  is 
sufficiently  advanced,  which  he  judges  by  their  clear  colour  and  increasing- 
consistency,  and  also  by  the  light  yellow  jets  of  flame  from  portions  01 
the  fluxed  mass  adhering  to  the  breakers.  This  stage  is  usually  attained 
in  half  an  hour,  when  the  contents  are  run  cut,  the  tolal  time  expended 
on  each  operation  being  on  the  average  two  hours  and  ten  minutes.  Tin- 
writers  compared  the  revolving  with  the  ordinary  furnace.  The  rate  paid 
for  charging  the  furnaces  was  identical:  hut  in  working  there  is  a  distinct 
saving  in  wages  of  a  shilling  per  ton  of  sulphate — 2*.  6d.  for  hand  and  Is.  G  •!. 
for  revolving,  hpating  included.  The  chemical  results  are  slightly  in  favour 
of  the  cylinder,  so  far  as  the  quantity  and  s'rength  of  the  alkali  produced 
are  concerned,  especially  where  causticity  is  required;  but  in  works  where 
chalk  is  used,  the  carbonate  of  lime  carried  over  by  the  draught  into  the 
evaporating  pan  is  found  to  render  the  silt  drawn  not  so  well  adapted  to 
the  manufacture  of  crystals  of  soda  as  that  taken  from  the  hand-1urnace 
drainer,  although  in  the  majority  of  alkali  works,  where  the  revolving 
furnace  has  been  adopted,  the  opinion  ohtains  that,  in  addition  to  general 
superiority  over  the  reverberating  furnace,  it  also  presents  an  evident  ad- 
vantage during  wages  disputes,  yet  there  are  sufficient  grounds  for  stating 
that  obstacles  still  exist  which  must  be  nn  dined,  if  not  removed,  befor.u 
the  old  furnaoe  can  he  entirely  superseded  by  the  new.  In  the  latter,  im- 
provements are  cleaily  demanded,  by  which  the  consumption  of  fuel  and 
the  cost  of  repairs  may  be  reduced,  whilst  the  quantity  of  sulphate  balled, 
and  quality  of  carbonate  produced,  may  be  raised  ;  and  if  the  difficulties 
hitherto  experienced  have  been  prominently  brought  forward  in  these 
remarks,  it  is  in  the  hope  that,  by  the  attention  directed,  tbey  may  more 
speedily  be  overcome. 


ROYAL   INSTITUTION  OF    GREAT    BRITAIN. 


ON  THE  INFLUENCE  OF  CIVILISATION  UPON  HEALTH. 

By  Jonir  H.  Beidgbs,  M.A.  M.B. 

Rousseau,  representing  the  metaphysical  and  absolute  spirit  of  the  revolu- 
tionary politicians  of  the  eighteenth  century,  maintained  that  civilization  was 
destructive  to  health  and  morals,  and  would  have  it  altogether  swept  away. 
The  positive  sociologist  recognising  that  the  phenomena  with  which  he  deals, 
like  all  others,  are  amenable  to  natural  laws,  seeks  to  find  out  what  the  law — 
the  natural  tendency  of  modern  civilisation — is,  and  how  it  may  be  modified 
by  human  effort  in  a  direction  favourable  to  the  moral  and  physical  develop- 
ment of  the  individual.  It  is  the  greatest  of  all  problems.  Leibnitz's  maxim, 
On  ne  doit penser  essentiellement  qua  deux  clioses,  d'abord  la  vertu  et puis 
la  sante,  may  be  taken  as  the  text  of  this  discourse. 

Health  may  be  defined  as,  the  greatest  energy  of  each  part  compatible  with 
the  energy  of  the  whole;  or  again,  more  simply,  as  being  able  to  do  gooddiy's 
work  easily.  Energy  is  measurable  by  the  amount  of  work  done.  Where  there 
is  perfect  health  there  will  be  the  greatest  economy  of  the  vital  energies ;  the 
most  complete  synergy  of  the  functions,  the  minimum  of  loss  from  antagonism 
or  from  degradation  of  higher  into  lower  forms  of  force.  Three  examples  weie 
taken  taken  by  the  speaker ;  good  and  bad  digestion  ;  clumsy  and  skilful 
muscular  effort ;  uncontrolled  and  self-contained  emotion,  as  shown  in  the  con- 
trast between  the  well-drilled  soldier  and  the  savage.  In  the  imperfect  perfor- 
mance of  each  of  these  three  functions  there  is  waste  of  energy;  that  is, 
ineffective  transformation  of  nervo-muscular  into  calorific  or  some  other  lower 
form,  of  force. 

Again,  health  may  be  defined  as  the  most  perfect  form  of  life.  Life  having 
been  defined  by  Auguste  Comte,  as  the  constant  adaptation  of  organism  to  en- 
vironment, health  is  the  state  in  which  such  adaptation  is  most  complete. 
Healthly  respiration  implies  the  adaptation  of  a  breathing  apparatus  heredi- 
tarily vigorous  to  a  perfectly  pure  atmosphere.  Healthy  vision  implies  a  sound 
ocular  mechanism  adjusted  to  appropriate  conditions  of  luminous  forces. 

Rising  from  the  vegetal  and  the  animal  phase  of  life  to  the  highest  mode 
peculiar  to  man,  the  social  phase,  we  find  that  social  life  depends,  like  the 
others,  on  two  conditions  :  a  brain  in  which  lies  latent  the  hereditary  capacity 
for  receiving  and  transmitting  the  long  tradition  of  our  race,  its  emotions,  its 
thoughts,  its  modes  of  action  ;  and  a  social  environment  supplying  the  appro- 
priate stimulus  which  calls  these  latent  capacities  into  action.  The  environ- 
ment for  this  phase  of  vitality  is  humanity ;  that  is  to  say,  the  resultant  sum 
of  all  human  effort  throughout  the  immeasurable  past,  represented  more  or 
less  perfectly  by  the  society  in  which  the  lot  of  the  individual  may  be  cast. 


The  function  of  the  human  brain,  as  transmitting  the  mutual  reactions  of 
humanity  and  the  individual,  has  beeu  compared  by  Comte  to  the  function  of 
the  placenta  with  the  mother  and  the  unborn  child. 

The  speaker  then  proceeded  to  point  out  the  influence  upon  the  individual  of 
different  social  environments.  In  order  to  render  the  meaning  more  precise 
a  single  well-defined  instinct  was  chosen,  the  desire  of  praise,  in  one  society 
personal  bravery  might  be  the  object  of  the  highest  admiration  ;  in  another 
it  might  be  civic  duty;  in  others,  religous  asceticism.  Obviously  the  instinct 
under  consideration  would  in  these  three  societies  prompt  three  wholly  distinct 
courses  of  action  ;  and  in  a  society  like  our  own,  which  had  ceased  to  be  war- 
like, which  was  too  overgrown  to  encourage  the  sense  of  citizenship,  and  which 
from  a  combination  of  courses  had  lost  its  religious  faith,  wealth,  as  comprising 
the  power  of  individual  enjoyment,  became  the  object  of  the  highest  admiration. 
The  instinct  of  "  approbativehess  "  therefore  would  in  sucli  a  society  prompt 
the  acquisition  of  wealth.  The  same  analysis  would  hold  good  of  the  action 
of  the  other  instincts.  In  a  society  without  strong  religious  faith,  without  any 
firm  binding  principles,  and  endowed  with  new  and  extraordinary  powers  over 
natural  forces,  the  inevitable  result  is  immensely  rapid  accumulation, 
accompanied  by  prodigal  expenditure,  of  wealth;  with  small  regard  to 
health,  with  small  provision  for  the  future  maintenance  of  the  vigour  of  the 
breed. 

The  speaker  then  proceeded  to  consider  some  of  the  principal  facts  illustrating 
the  morbid  condition  of  modern  industrial  life  : — 

1.  The  growth  of  great  towns  in  the  last  half  century. 

2.  The  influx  into  these  towns  from  country  districts. 

3.  The  mortality  of  infants. 

4.  The  mortality  of  adults  at  the  reproductive  age. 

5.  The  condition  of  the  agricultural  population,  which  maybe  regarded  as  the 
reserve  stock  of  national  vitality  on  which  rapidly  increasing  demands  are  being 
made. 

With  regard  to  the  two  first  heads,  statistics  were  produced  showing  that  iu 
1811  the  towns  above  10,000  inhabitants  contained  only  21  per  cent,  of  the 
population  ;  in  1861  they  contained  44  per  cent.  In  1811  there  was  no  town  in 
England,  except  London,  with  a  population  above  100,000  ;  in  1861  there  were 
twelve  such  towns,  containing  one-quarter  of  the  people.  To  illustrate  the 
extent  to  which  the  increasing  population  of  London  was  fed  by  the  rural  dis- 
tricts, it  was  mentioned  that  out  of  eleven  persons  over  the  age  of  twenty  in 
London,  six  were  born  in  the  country. 

Statistics  and  charts  were  then  produced,  illustrating  infant  and  adult  mor- 
tality. Four  populations  were  compared  :  that  of  England  as  a  whole  ;  of  Liver- 
pool ;  of  ten  cotton  manufacturing  towns  of  Lancashire  and  Cheshire,  not  in- 
cluding Manchester ;  and  of  seven  purely  agricultural  countries.  These  popu- 
lations were  compared  :  first,  with  respect  to  their  rate  of  mortality  at  the 
infantile  period;  secondly,  at  the  reproductive  period;  the  mortality  in  the 
case  of  women  being  examined  at  successive  periods  from  15  to  45;  in  the 
case  of  men,  from  25  to  55.  It  was  shown  that  in  both  periods  the  rate  of 
mortality  in  Liverpool  and  the  cotton  districts  was  far  above  the  rate  for 
England  at  corresponding  times;  that  of  the  agricultural  districts  far  below  it. 
Attention  was  also  called  to  the  fact,  that  in  towns  where  women  were  largely 
employed  in  factories,  their  mortality  relatively  to  men  of  the  same  age  was 
far  beyond  what  it  should  be,  taking  the  standard  of  England  as  a  whole. 

The  question  was  started  whether  the  excessive  mortality  of  infants  might  or 
might  not  be  regarded  as  a  preservative  action  of  nature,  sacrificing  the  un- 
healthy lives,  and  so  preserving  the  vigour  of  the  breed.  It  was  also  con- 
sidered, whether  or  not  sanitary  measures,  by  preserving  weak  lives,  might  not 
in  some  measure  tend  to  deteriorate  the  breed.  With  regard  to  the  latter 
point,  the  speaker's  view  was  that  unless  sanitary  measures  were  carried  much 
farther  and  deeper  than  the  present,  there  might  be  some  such  danger.  And 
meantime  he  brought  statistics  to  show  that  the  high  rate  of  mortality  in 
infants  in  large  towns  did  not  preserve  the  reproductive  portion  of  their  popula- 
tion from  similarly  high  rates. 

After  a  brief  allusion  to  the  unsatisfactory  condition  of  our  reserve  stock  of 
health,  the  agricultural  population,  the  speaker  then  proceeded  to  discuss  the 
historical  causes  of  this  state  of  things.  He  showed,  by  illustrations  from  the 
vegetable  and  animal  kingdoms,  that  the  state  of  equilibrium  we  call  health 
is  more  difficult,  yet  at  the  same  time  more  perfect,  as  we  ascend  from  the 
lower  organisms  to  the  higher.  The  same  holds  true  of  primitive^and  bar- 
barous times  as  compared  with  the  more  advanced  stages  of  civilisation. 
Keierence  was  made  to  Capt.  Cook  and  to  travellers  in  Central  Africa  to  prove 
the  remarkable  immunity  from  European  disease  enjoyed  by  savages.  The 
influence  of  an  organised  religion  in  controlling  social  action,  and  its  bearings 
upon  public  health,  were  then  considered,  and  were  illustrated  by  allusion  to 
the  theocracies  of  Egypt,  Palestine,  and  India,  to  the  military  polytheism  of 
Gn  ece  and  Rome,  and  to  mediaeval  Catholicism.  The  two  causes  of  the  decline 
ot  Catholicism,  the  decay  of  theology,  and  the  growth  of  science,  were  then 
pointed  out,  and  it  was  shown  how  both  these  causes  co-operated  in  producing 
the  exceptionally  morbid  state  ot  modern  industrial  England. 

The  question  then  remained,  by  what  methods  can  we  hope  to  remedy  this 
s;  atrt  of  things  ? 

There  are  two  forces,  the  speaker  remarked,  available  for  the  modification  of 
natural  social  agencies— capital,  and  scientifically  trained  intellect.  If  asked, 
therefore,  where  lies  the  efficient  and  radical  remedy  for  the  evils  we  deplore,  the 
answer  would  be,  nowhere  but  in  a  moral  and  religious  change  as  profound  as 
that  of  the  first  century  of  our  own  era  in  western  Europe,  or  that  of  the 
seventh  century  in  the  East,  the  principal  result  of  which  will  be  to  concen- 
trate these  two  lorces  on  such  problems  as  have  here  been  discussed.  The 
present  attitude  of  scientific  men  does  not  inspire  immediate  hope  in  this  respect, 
absorbed  in  their  own  specialities,  they  revolt  against  the  idea  of  any  moral  or 
spiritual  discipline,  which  would  have  the  effect  of  concentrating  their  investiga- 
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tions  more  closely  round  human  interests,  although  these,  largely  viewed,  offer 
an  abundant  and  super-abundant  field  for  every  intellectual  energy.  They  rebel 
against  all  such  claims  as  unpleasant  restraint.  And  the  sense  of  civic  duty 
is  restraint.     Noblesse  oblige. 

This  great  remedy  therefore  will  be  slow  in  its  action.  But  while  there  are 
some  remedies  which  are  deep,  but  not  immediate,  there  are  others  which  are 
immediate,  though  not  deep.  To  some  of  these  the  speaker  briefly  alluded.  A 
revision  and  consolidation  of  our  sanitary  laws ;  the  appointment  by  Govern- 
ment of  public  inspectors  of  health;  the  introduction  of  very  simple  sanitary 
teaching  into  our  primary  education  ;  the  establishment  on  a  large  scale  of 
public  parks  and  gymnasia  ;  and  finally,  special  attention  to  the  sanitary  and 
social  requirements  of  the  agricultural  labourer,  from  whom  it  was  essential  not 
to  cut  off,  as  had  been  done  during  the  last  century,  the  hope,  however  distant, 
of  becoming  a  peasant  proprietor. 

With  regard  to  the  cost  of  these  and  similar  measures,  the  speaker  merely 
remarked  that  London  alone  expended  a  yearly  sum  of  between  three  and  four 
millions  upon  doubtful  charities ;  and  that  we  had  found  little  difficulty  in  rais- 
ing ten  millions,  of  late  years,  to  protect  ourselves  against  the  imaginary  danger 
of  invasion.  Whereas  the  dangers  now  pointed  out  were  not  imaginary,  and 
were  undoubtedly  progressive. 


MANCHESTER  STEAM  USERS'  ASSOCIATION. 


CHIEF  ENGINEERS'  MONTHLY  REPORT. 

The  last  ordinary  monthly  meeting  of  the  Executive  Committee  of  this  associa- 
tion was  held  at  the  offices,  41,  Corporation-street,  Manchester,  on  Tnesdav,  June 
29th,  William  Fairbairn,  Esq.,  C.E.,  F.K.S.,  LL.D.,  &c,  president,  in  the  chair, 
the  previous  meeting  having  been  held  on  Tuesday,  June  1st,  Charles  Heaton, 
Esq.,  Bolton,  in  the  chair.  On  both  occasions  Mr.  L.  E.  Fletcher,  C.K.,  presented 
his  usual  report,  but  on  account  of  the  amount  business  before  the  committee  on 
the  first  occasion  the  meeting  was  adjourned,  and  therefore  an  abstiact  is  now 
given  of  his  report  for  the  past  two  months. 

"  During  the  past  two  months  446  visits  of  inspection  have  been  made,  and 
931  boilers  examined,  558  externally,  11  internally,  4in  the  flues,  and  361  entirely, 
while  in  addition  6  have  been  tested  by  hydraulic  pressure.  In  these  boilers  438 
defects  have  been  discovered,  13  of  them  being  dangerous.  Furnaces  out  of  shape, 
14 ;  fractures,  73, — 1  dangerous  ;  blistered  plates,  31, — 1  dangerous  ;  internal  cor- 
rosion, 53  ;  external  ditto,  66, — 5  dangerous  ;  internal  grooving,  60, — 2  dangerous  ; 
external  ditto,  2  ;  feed  apparatus  out  of  order,  1 ;  water  gauges  ditto,  6  ;  blow-out 
apparatus  ditto,  9, —  1  dangerous  ;  fusible  plugs  ditto,  2;  safety-valves  ditto,  1, — 
2  dangerous  ;  pressure  gauges,  36  ;  boilers  without  glass  water  gauges,  15  ;  ditto 
safety-valves,  1 — dangerous  ;  ditto  pressure  gauges,  14 ;  ditto  blow-out  apparatus, 
19  ;  ditto  feed  back  pressure  valves,  32. 

"  Overheating  op  Furnace  Cr.ow.vs  and  otiiek  Boiler  Plates  when 

COVERED    WITH     WaTEB. 

"Everyone  at  all  conversant  with  the  working  of  boilers  is  aware  that  when 
tbey  are  allowed  to  run  short  of  water  (lie  furnace  crowns  arc  apt  to  become  over- 
heated, the  plates  to  be  bulged  downwards  or  otherwise  distorted  by  the  pressure 
of  the  1  in  many  Cases  to  be  rent,  from  which  cause  explosions  frequently 

arise.  This  is  admitted  on  al!  hands,  and  the  rationale  is  so  simple  that  the  whole 
matt  be  at  once  apparent. 

"  It  is  not  however  by  any  means  so  generally  known  that  furnace  Crowns  may 
be  overheated  and  bulged  out  of  shape — sufficiently  to  in  i  to  cause  an 

explosion — even  when  they  are  covered  with  an  ample  supply  of  water.     E 
however  is  unquestionably  the  fact,  and  I  w isl>  specially  to  call  attention  I 
subject  on  the  present  occasion. 

'•  Overheating  of  boiler  plates  when  covered  with  water  has  been  found  to  arise 

from  two  causes,  one,  the  local  action  of  an  intense  tire,  the  other  the  character 

of  the  feed  water. 

"  Injury  from  intense  firing  sometii icurs  to  boilers  heated  by  the  flames 

passing  off  from  separate  furnaces  oonsti  acted  ot  firebriok,  as  in  the  case  of  pud- 
dling furnaceaat  iron  works,  when  the  flame*  are  too  frequently  allowed  to 
impinge  directly  upon  the  boiler,  in  consequence  of  which  steam  is  generated  so 
rapidly  that  the  water  i-  driven  oil'  from  the  plate-,  ami  overheating  ensues.  This 
i  ill v  tlo-  case  "in  re  the  be  iting  rarfaee  i-  a  vertical  one.  bo  that  the 

steam  on  rising  forms  a  separating  film  between  it  and  the  water.  Two  explo- 
sions resulting  from  tin,  c  owe  may  l.e  referred  to.  One  of  theoe  occurred  at  an 
iron  works  on  the  9th  of  February,  I -<;"..  to  tn  externally-fired  boiler,  of  the  up- 
*,  heated  by  the  flames  passing  off  from  two  puddling  furnaces, 
as  well  as  from  -  ite.    Another  explosion  of  a  similar  character  oc- 

rnired  on  the  7th  of  February,  1866,  to  a  plain  eylindrioal  egg-ended  boiler, 
heated  by  the  flame*  pasting  on  from  a  mill  furnace  at  a  works  employed  in  the 
manufacture  ol  angle  iron. 

"It  I-  desired,  however,  on   the    ]  ,11    attention    more 

sapaoiaUy to thoi  heating  ol  tie'  plates,  whether  in< 

Dally  or  internally- tired  boil.  : ,,  ,1  -imply  through  tin:  <  haracter  of  the 

fttd    water,  and  not  from  any  pet  uliarity  in  the  mode  ol    tiring.     The  feed 

which  I-  found  to  I.,-  more  particularl]  productive  of  overheating,  is  highly  im- 
pregnated  with  carbonate  Ol  lime.      It    tonus  but  little  s  ale,  and  seldom  thicker 

then  an  egg  shell,  though  perha|  learly  equal  I 

eighth  ot  an  ineh.  It  deposit*,  however,  a  good  deal  ot  line  flour  or  dust,  which 
is  generally  of  a  lightish  colour.    As  this  dust  is  quite  loo  I  deal  of  it 

(■•I  away  with  the  water  when  [hi    boiler  \-  emptied!  wlnle  tin-  remainder 

is  rradiK   w  ItDM   out,   so  that  on  account  of  the  case   with    which  it  is  removed 

and  tie-  light  character  of  the  scale,  it  frequently  escapee  attention,  Ifgrcase 
be  introduced  into  boilers  in  which  this  deposit  is  forme  I,  the  furnace  crowns 


are  found  to  give  way,  the  plates  to  bulge  downwards,  and  leakage  to  take  place 
at  the  seams  of  rivets.  The  distortion  of  the  furnace  plates,  however,  does  not, 
as  a  rule,  take  place  suddenly,  on  the  cont'  ary,  the  crowns  come  down  gradually, 
progressing  little  by  little  day  after  day,  though  hard  firing  in  many  cases  ha* 
an  immediate  influence.  Grease  is  introduced  into  boilers  in  various  ways. 
The  feed  water  is  frequently  heated  by  blowing  the  exhaust  steam  from  the 
engines  upon  it,  so  that  the  grease  in  the  cylinders  is  carried  with  the  feed 
water  into  the  boiler,  while  in  addition,  the  discharge  taps  from  the  cylinders 
sometimes  blow  into  the  cistern  from  which  the  feed  pump  draws,  so  that  the 
boiler  gets  all  the  engine  selvage.  Blowing  the  exhaust  steam  upon  the  feed 
water  has  another  effect  beside  the  introduction  of  grease.  It  is  sometimes  lost 
sight  of  how  much  of  the  deposit  formed  within  boilers  is  lifted  out  of  the  water 
by  the  steam  and  carried  through  to  the  engines,  and  thus  disposed  of  either 
through  the  exhaust  pipe  in  the  high-pressure  engines  or  the  hot  well  in  low- 
pressure  ones.  When  therefore  the  exhaust  is  blown  upon  the  feed  water  this 
deposit  is  returned  to  the  boilers,  and  a  constant  accumulation  takes  place,  more 
especially  if  blowing-out  be  neglected.  That  the  steam  lifts  the  deposit,  and 
carries  it  along  with  it  is  clear  from  the  fact  that  it  is  frequently  manifested  at 
the  glands  and  other  parts  of  the  engines,  and  also  is  heaped  up  in  the  steam 
dome  when  there  is  a  shelf  on  which  it  can  accumulate.  These  shelves 
are  formed  when  the  shell  plate  at  the  base  of  the  dome  is  not  cut  away  to  its 
full  size.  This  forms  an  eddy  in  the  current  of  the  steam,  and  leads  to  the 
deposit  being  dropped  on  the  shelf  plate  as  just  stated. 

"  With  regard  to  the  manner  in  which  this  floury  deposit  affects  the  plates 
over  the  fire,  and  leads  to  their  injury,  it  does  not  appear  to  be  necessary  to 
suppose  that  this  deposit  becomes  heaped  upon  the  plates  iu  order  to  lead  to 
their  overheating.  It  is  doubtful  whether  it  settles  at  all  as  long  as  the  boiler 
remains  in  active  work  ;  while,  were  it  to  do  so,  it  would  settle  where  the  ebulli- 
tion was  the  least  violent,  and  thus  not  on  the  furnace  crowns  of  internally- 
fired  boilers.  Possibly,  this  fine  floury  deposit,  by  thickening  the  water,  inter- 
feres with  the  due  escape  of  the  globules  of  steam,  so  that  they  are  kept  longer 
in  contact  with  the  plates  over  the  fire  than  they  should  he,  and  thus  the  inti- 
mate contact  of  the  water  with  the  plates  becomes  interrupted  and  overheating  is 
produced.  This  may,  perhaps,  be  illustrated  in  the  following  way  : — Clearwater 
placed  in  a  clean  saucepan  may  be  briskly  boiled  over  a  fire  without  foaming 
over,  but  if  a  little  meal  be  dropped  into  it,  or  the  water  exchanged  for  milk, 
the  globules  of  steam  are  no  longer  able  to  escape  freely,  and  in  their  struggle 
they  upheave  the  whole  mass,  and  vomit  a  portion  of  it  into  the  fire. 

'•  I  »m  not  desirous,  however,  of  entering  too  minutely  upon  the  precise 
manner  iu  which  this  floury  deposit  leads  to  the  overheating  of  the  plates  : 
suffice  it  to  say,  that  the  results  are  indisputable,  that  numbers  of  boilers  have 
been  injured  by  it,  and  whatever  may  be  the  precise  modus  operandi,  it  appears 
to  have  the  power  ot  preventing  that  intimate  contact  of  the  water  with  the 
plates,  which  is  essential  for  carrying  off  the  heat  with  sufficient  rapidity,  so 
that  although  they  may  not  be  made  red  hot,  yet  they  become  sufficiently 
overheated  to  lose  a  portion  of  their  tenacity,  when  bulging  under  pressure 
ensues.  Numerous  instances  of  this  have  come  before  my  notice,  the  parti- 
culars of  some  of  which  may  now  be  given. 

"  No.  1.  The  first  of  the  cases  that  may  be  referred  to  was  met  with  about 
the  close  of  1862,  and  occurred  to  a  boiler  fed  from  a  well  sunk  near  the 
river  Mersey,  in  the  neighbourhood  of  Birkenhead.  The  boiler  was  of  the 
ordinary  Lancashire  class,  having  two  furnace  tubes  in  which  the  fires  were 
placed,  while  its  length  was  about  20ft.,  its  diameter  6ft.  6in.  in  the  shell,  1ft. 
lo'in.  in  the  furnace  tubes,  and  the  load  upon  the  sifety-valve  401b.  per  square 
inch. 

"  This  boiler  had  been  found  to  give  way  again  and  again  at  the  furnace 
Drowns,  the  plates  bulging  down  out  of  shape,  and  repeated  repairs  had  taken 
place  in  consequence.  The  plates  over  the  fires  had  been  taken  out  and  renewed 
with  those  of  Low  Moor  iron,  which  had  every  appearance  of  being  of  first-rate 
quality.  Also  each  of  the  furnace  crowns  had  been  lashed  to  the  top  of  the 
shell  by  three  vertical  stay  rods,  but  the  plates  persisted  in  bulging  downwards 
notwithstanding,  and  came  down  between,  and  all  round,  the  points  of  support 
as  will  be  seen  on  consulting  the  accompanying  cuts  marked  Figs.  1  and  2, 

"  Under  these  circumstance  I  was  requested  to  examine  the  boiler  and  advise 
the  owners  as  to  what  bad  better  be  done.  Immediately  on  drawing  off  a  little 
water  from  the  glass  water  gauge  I  attributed  the  injury  that  had  occurred  to 
the  furnace  crowns  to  the  fine  deposit  contained  in  the  feed  water,  and  recom- 
mended a  scum  trough  for  blowing  out  from  the  surface  of  the  water,  in  order  to 
rid  the  boiler  of  this  deposit.  In  answer  to  inquiries  the  owners  did  not  think 
they  were  admitting  any  grease  to  the  boiler,  and  had  such  confidence  in  the  feed 
water,  which  appeared  so  clear  before  it  was  pumped  into  the  boiler  that  I  was 
unable  to  persuade  them  to  adopt  the  simple  expedient  of  a  surface  blow-out 
apparatus.  One  cause  after  another  was  assigned  for  the  injury,  and  it  was  sup- 
posed that  as  the  boiler  was  worked  night  and  day,  that  the  water  supply  had 
been  allowed  to  run  short  at  night  time,  and  that  the  deflection  of  the  plates  was 
due  to  a  series  of  minor  neglects  of  this  character.  On  one  occasion  the  owners 
felt  sure  they  had  at  last  detected  the  scource  of  the  mischief.  They  discovered 
that  the  fireman,  anxious  to  get  away  quickly  on  the  Saturday  evening,  had 
started  to  blow  off  his  boiler  before  be  raked  his  fires,  in  consequence  of  which  the 
furnace  crowns  were  laid  bare  with  the  fires  still  in,  and  thus  became  overheated. 
In  confirmation  of  this  it  was  stated  that  it  had  been  frequently  observed  on  set- 
ting to  work  on  Monday  morning*  that  these  deflections  had  been  increased,  so 
that  the  chain  of  evidence  was  supposed  to  be  complete.  It  was  soon  found, 
however,  that  the  bulging  was  too  persistent  to  he  accounted  for  in  this  way,  ami 
the  owners,  rather  than  adopt  the  simple  expedient  of  putting  in  a  scum  trough 
for  blowing  OUl  the  deposit,  which  there  is  little  doubt  would  have  remedied  the 
evil,  resolved  on  condemning  the  boiler  altogether  and  on  putting  iu  a  new 
one. 

"  The  new  boiler  was  of  larger  dimensions  than  the  old  one, the  diameter  being 
7ft.  in  the  shell,  instead  of  6ft.  6in.,  and  2ft.  7Jm.  in  the  furnace  tubes,  instead  of 
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lft.  lOAin.,  while  the  tubes  were  strengthened  at  the  ring  seams  of  rivets  with 
encircling  hoops,  which  had  not  been  the  case  in  the  old  boiler.  With  this 
new  boiler,  though  not  fitted  with  a  surface  blow-out  apparatus,  the  same 
difficulty  was  not  experienced  as  with  the  old  one,  which  arose  from  the  fact 
that  the  superior  size  of  the  new  boiler  enabled  it  to  do  its  work  more  easily 
than  the  other,  and  thus  with  more  gentle  firing.  As  long,  however,  as  the 
feed  is  of  the  same  character  as  it  was  in  the  other  boiler,  the  same  tendency 
remains,  and  it  will  only  be  necessary  to  make  the  new  boiler  do  as  much  work 
for.  its  size  as  the  old  one  did  to  lead  to  the  furnace  crowns  being  again  dis- 
turbed, though  doubtless  they  would  derive  considerable  assistance  from  the 
encircling  hoops,  so  that  but  little  bulging  of  the  plates  might  take  place 
though  leakage  would  occur  at  the  seams  of  the  rivets. 


"  In  the  new  boiler  a  good  surface  blow-out  apparatus  was  adopted,  and  the 
boiler  was  frequently  blown  out  at  the  bottom  as  well  as  from  the  surface  of 
the  water.  This  proved  sufficient  to  remove  the  difficulty,  though  the  credit 
was  wrongly  given  to  the  change  from  the  internally-fired  boiler  to  the  exter- 
nally-fired one.  Externally-fired  boilers  are  affected  by  this  description  of  feed 
water  as  well  as  internally-fired  ones,  which  will  be  seen  from  the  next  case  of 
injury. 

"No  3.  A  third  case  was  met  with  in  June,  1867,  at  a  colliery  in  the  neigh- 
bourhood of  Ruabon,  North  Wales.  In  this  instance  six  new  plain  cylindrical 
egg-ended  externally-fired  boilers  failed  within  six  weeks  after  they  were  set  to 
work,  giving  way  at  the  plates  over  the  fire.  Those  boilers  were  5ft.  6in.  in 
diameter,  36ft.  long,  made  of  plates  three-eighths  of  an  inch  in  thickness,  and 


Fig.  1. 


Fig.  2. 


"'In  this  case  the  water  was  not  analysed,  as  it  was  on  subsequent  occasions, 
but  it  may  be  stated  that  it  left  a  fine  floury  deposit  of  a  very  similar  cha- 
racter to  the  cases  mentioned  below,  and  which  were  found  to  consist  of  from 
70  to  80  per  cent,  of  carbonate  of  lime. 

"No.  2.  Another  very  similar  case  of  the  failure  of  furnace  crowns  was  met 
with  in  May,  1866.  It  occured  in  the  neighbourhood  of  London  to  a  Cornish 
boiler  fed  with  the  New  River  Company's  water. 

"  This  boiler  I  was  informed  had  failed  at  the  furnace  crowns,  and  repeated 
repairs  been  resorted  to.  These,  however,  had  such  little  effect,  that  one"  boiler 
after  another  had  been  laid  down  till  some  three  or  four  boilers  had  been 
ruined  in  the  course  of  three  years ;  while  one  of  the  boilers  had  received  a  new 
flue  tube.  Added  to  this,  experiments  had  been  tried  by  altering  the  steam 
dome,  and,  altogether,  the  owner  informed  me  the  affair  had  cost  him  £700. 
Disheartened  with  these  repeated  failures,  he  was  persuaded  to  exchange  the 
internally-fired  boiler  for  an  externally-fired  one  with  a  couple  of  return 
tubes  running  through  it,  which  he  had  just  laid  down  at  the  time  of  my 
visit. 

"  On  making  an  examination  of  the  boiler  I  found  that  it  contained  a  good 
deal  of  fine  floury  deposit  of  a  light  colour,  and  that  the  feed  water  was  heated 
by  the  injection  of  the  exhaust  steam  from  the  high  pressure  engines,  so  that  the 
grease  from  them  passed  through  into  the  boiler.  I  called  the  owners  attention 
at  once  these  facts,  and  explained  to  him  that  these  were  the  causes  of  the  trouble 
he  had  experienced.  He  urged  by  way  of  objection  that  prior  to  the  last  three 
years  the  boiler  had  worked  for  a  considerable  time  with  the  same  water  and 
with  the  feed  heated  by  the  exhaust  steam,  without  giving  trouble,  and  there- 
fore argued  that  the  fault  could  not  he  with  the  water  or  the  grease  dis- 
charged by  the  engines.  This  objection  appeared  at  first  sight  difficult  to  meet, 
but  on  inquiry  it  was  found  that  about  three  years  before  then  the  work  be- 
came too  severe  for  the  engine,  when  its  power  had  been  doubled  by  the  addi- 
tion of  a  new  cylinder,  which  gave  the  boiler  more  work  to  do  and  necessitated 
its  being  more  severely  fired.  This  at  once  made  the  whole  matter  plain. 
The  tendency  had  existed  all  along  but  had  not  been  developed  till  the  fires 
w>ere  pressed. 

"The  following  is  an  analysis  of  the  deposit  in  question : — 

"'Carbonate  of  lime 73-87 

Carbonate  of  magnesia 4-59 

Oxide  of  iron  and  alumina  7'07 

Organic  matter  3-15 

Sand  silica  alumina  11-32 


100-00 
" '  N.B.— This  was  a  fine  dry  powder  of  a  slate  colour,  difficult  to  wet  with 

water.' 

"  It  will  not  escape  observation  that  this  floury  deposit  contained  as  high  an 

amount  of  carbonate  of  lime  as  73  per  cent.,  and,  simple  as  it  appears,  it  was 

through  the  presence  of  this  fine  flour  or  dust  that  the  four  boilers  referred  to 

above  were  ruined,  and  the  expenditure  of  £700  incurred. 


worked  at  a  pressure  of  401b.  per  square  inch.  The  owners  threw-  the  blame  of 
the  failure  of  these  boilers  on  the  makers,  attributing  it  to  the  quality  of  the 
plates  or  workmanship,  and  consequently  a  dispute  arose,  and  I  was  requested  to 
make  an  examination.  On  doing  this  I  found  that  the  plates  over  the  fire  had 
of  Low  Moor  iron  and  of  good  quality,  and  that  the  fault  did  not  rest  with  the 
boilers  but  with  the  feed  water,  which  formed,  as  in  the  previous  instance,  a 
fine  floury  deposit,  consisting  to  a  great  extent,  of  carbonate-  of  lime,  while  it 
was  heated  by  the  exhaust  steam  from  the  engines  and  thus  charged  with  grease, 
in  consequence  of  which,  as  in  the  previous  cases,  the  plates  over  the  fire  had 
been  overheated  and  bulged  down  out  of  shape,  while,  in  addition,  leakage  had 
taken  place  at  the  seams  of  rivets.  The  manager  was  unwilling  to  accept  so 
simple  an  explanation  of  the  difficulty,  though  he  had  previously  received  a 
similar  opinion  from  another  engineer  and  been  advised  that  he  must  either 
change  the  feed  water  or  give  up  heating  it  with  the  exhaust  steam,  so  as  to 
prevent  the  introduction  of  grease  to  the  boilers.  Though  ridiculing  the  re- 
commendation, he  had  nevertheless  diverted  the  exhaust  steam  from  the  feed 
water,  when  he  found  that  the  result  justified  the  explanation  given  and  the 
remedy  proposed.  Time  showed  that  overheating  did  not  recur,  and  the  boilers 
worked  on  without  further  trouble. 

"  The  following  is  an  analysis  of  the  deposit  formed  within  these  boilers,  and 
which,  I  believe,  was  taken  from  them  before  the  arrangement  for  heating  the 
feed  by  the  exhaust  steam  was  given  up,  so  that  at  that  time  grease  was 
admitted  :— 

"'Carbonate  of  lime 75'26 

Sulphate  of  lime 10'02 

Carbonate  of  magnesia 8'78 

Oxide  of  iron  and  alumina    0'47 

Insoluble  matter  (sand,  &c.)  2-68 

Organic  matter 2'79 


100-00 
"'N.B. — This  sediment  was  a  white  powder  and  smelt  of  tallow,    By  diges- 
tion with  ether  some  grease  was  extracted  and  collected.' 

"  The  following  is  another  analysis  of  the  deposit  taken  from  these  boilers 
subsequently  to  the  last  specimen,  and  after  the  practice  of  heating  the  feed 
water  with  the  exhaust  steam  had  been  discontinued,  when  the  boilers  were  fed 
with  cold  water : — 

"'Carbonate  of  lime 84-10 

Sulphate  of  lime  2"25 

Carbonate  of  magnesia 8"73 

Oxide  of  iron  and  alumina  1-41 

Insoluble  matter  (sand,  &c.)    1'98 

Organic_matter  1'53 

100-00 
'■' '  N.B. — The  organic  matter  does  not  contain  grease.' 
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"  It  will  be  observed  the  grease  was  detected  when  the  feed  water  was  heated 
by  tbe  exhaust  steam,  but  not  after  that  practice  was  discontinued. 

""In  addition  to  the  above,  further  analyses  were  made  at  a  later  date  botli 
of  the  floury  deposit  and  of  the  scale  : — 


Floury  Deposit. 

•"Carbonate  of  lime  80.00 

Sulphate  of  lime 608 

Carbonate  of  magnesia  ...  1244 
Oxide  of  iron  and  alumina      0'98 

Sand,  &c 0-5 


Scale. 

'Carbonate  of  lime   77'40 

Sulphate  of  lime  0-52 

Carbonate  of  magnesia  ...  1090 

Oxide  of  iron  and  alumina  1'22 

Sand,  &c 0'96 


100-00  10000' 

"  The  following  is  an  auab'sis  of  the  water  with  which  these  boilers  were 
fed  :— 

"'The  total  solid  matter  left  on  evaporating  a  portion  of  the  water  amounted 
to  40-15  grains  per  gallon.    This  consisted  of— 

"' Carbonate  of  lime 2375  grains  per  gallon. 

Sulphate  of  lime    1"S7  •> 

Sulphate  of  soda    4'33  „ 

Common  salt 2'63  ,, 

Carbonate  of  magnesia 5-18  „ 

Organic  matter  and  loss 2-69  ., 

4075  grains  per  gallon.' 

"  '  Note. — The  carbonates  of  lime  and  magnesia  are  kept  in  solution  by  the 
presence  of  free  carbonic  acid.  If  this  is  neutralised  by  the  addition  of  lime,  a 
portion  is  precipitated.  By  this  means  nearly  one-half  the  total  matters  in  solu- 
tion may  be  removed.  Also  in  boiling  the  water,  before  evaporation  commences, 
a  portion  is  precipitated.' 

"  From  the  above  analyses  the  high  proportion  of  carbonate  of  lime  will  be 
seen  in  each  case : — 

"'Analysis  No.  1  gave — Carbonate  of  lime 75'26 

„        No.  2     „       Carbonate  of  lime 8410 

No.  3     „       Carbonate  of  lime  8000 


Mean  result 7978  percent.' 

"  From  this  it  appears  that  the  mean  result  was  nearly  equal  to  80  per  cent. 
of  carbonate  of  lime  contained  in  the  fine  floury  deposit. 

"  It  should  be  added  that  at  the  same  colliery  there  was  another  range  of  plain 
cylindrical  externally-fired  boilers,  which  had  been  working  for  a  number  of 
years,  without  failing  as  t  lie  new  ones  had  done.  The  manager,  therefore  pointed 
to  this  fact  in  support  of  his  view  that  the  new  boilers  were  at  fault,  and  not 
the  feed  water,  since  the  feed  water  appeared  to  him  to  be  as  good  in  one  case 
as  in  the  other.  To  settle  this  question  an  analysis  was  made  of  the  water  with 
which  the  old  range  of  boilers  were  fed,  as  well  as  of  the  deposit  formed  within 
them,  in  order  that  a  comparison  might  be  instituted,  when  the  following  was 
found  to  be  the  result : — 

Scale. 

"'Carbonate  of  lime  10-17 

Sul|ihate  of  lime 72'94 

Carbonate  of  magnesia  ...  15  89 
Oxide  of  iron  and  alumina  0C3 
Sand,  &c 037 
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"'  Carbonate  of  lime  22.0 

Sulphate  of  lime (5:578 

Magnesia  11-07 

Oxide  of  iron  and  alumina  0'09 

Sand.&c O'OC 

100-00 


100-00' 


Fig.  3. 


"  The  following  is  an  analysis  of  the  water: — 

"  '  A  portion  of  the  water,  evaporated  to  dryness,  left  a  residue  amounting  to 
90\'5  grains  per  gallon.     This  contained — 

"' Carbonate  of  lime 075  grains  per  gallon. 

Sulphate  of  lime   16'93 

Sulphate  of  soda  51-55  „ 

Common  salt  9.93  „ 

Carbonate  of  magnesia 1771  „ 

Magnesia     1-22  „ 

Organic  matter  and  loss  0*41  ,, 

Total    90-30  grains  per  gallon. 

'•' '  N.15. — As  this  water  is  concentrated  by  evaporation  it  becomes  alkaline. 

"  '  The  addition  of  lime  gives  a  precipate  amounting  to  nearly  one-third  the 
total  matter  solution. 

"  '  Boiling  the  water  causes  no  precipitate.  There  was  a  deposit  of  organic 
matter  at  the  bottom  of  the  jar  which  contained  the  water.' 

"  The  results  of  the  analyses  of  the  feed  waters  of  the  new  and  old  ranges  of 
boilers,  as  well  as  the  sediment,  will  be  the  more  easily  compared  on  reference  to 
the  following  table  ; — 

Percentage  of  carbonate  of  lime    Grains  of  carbonate  of  lime 
New  Boilers.         in  fine  floury  deposits.  in  a  gallon  of  water. 

Which  failed  after  six  weeks'  working  ...  79  78     23-75 

Old  Boilers 
Which  worked  for  years 22-0       075 

"  From  this  table  it  will  be  seen  how  different  were  the  characters  of  the  waters 
by  which  the  two  ranges  of  the  boilers  were  supplied,  and  how  much  more  car- 
bonate of  lime  was  contained  in  the  one  that  fed  the  new  boilers  which  failed 
after  six  weeks'  work,  than  in  the  one  which  fed  the  old  boilers  that  worked  on 
for  years,  while  it  corroborates  the  view  that  the  failure  of  the  new  boilers  was 
not  due  to  their  material  or  workmanship,  hut  to  the  floury  deposit  formed  by 
the  feed  water. 

"Nc.  4.  The  fourth  case  of  injury  to  furnace  crowns  through  the  use  of  a  feed 
water  forming  a  fine  floury  deposit,  came  under  my  notice  in  August,  1867,  and 
occurred  in  the  neighbourhood  of  Lancaster  to  a  rauge  of  three  Lancashire  boilers, 
measuring  about  28ft.  in  length,  7ft.  in  the  diameter  of  the  shell,  and  2ft.  7iiu. 
in  that  of  the  furnace  tubes,  which  were  strengthened  with  T  iron  hoops  at  each 
of  the  ring  seams  of  rivets,  while  the  blowiug-off  pressure  was  about  60lb.  per 
square  inch.  In  this  case  though  the  feed  water  was  drawn  from  a  neighbouring 
stream,  which  was  perfectly  clear  to  the  eye,  these  boilers  were  found  to  give 
repeated  trouble  at  the  furnace  crowns,  the  plates  bulging  down,  and  the  ring 
seams  straining  and  leaking. 

"  The  fault  had  erroneously  been  attributed  to  the  construction  of  the  boilers, 
in  consequence  of  which  the  encircling  hoops  had  been  removed  and  the  furnaces 
renewed  with  ordinary  lap  riveted  plates.  This  alteration  was  clearly  in  the 
wrong  direction,  and  the  plates  soon  bulged  and  the  seams  soon  leaked  again  as 
Sadly  as  ever. 

"  The  accompanying  cuts,  Figs.  3  and  4,  will  show  the  nature  of  the  distor- 
tion of  the  furnace  crowns  in  this  case. 

"  At  this  juncture  I  was  requested  to  make  an  examination,  and  on  getting 
inside  one  of  the  boilers,  found  that  it  contained  a  considerable  quantity  of  light 
floury  deposit  very  similar  to  that  met  with  on  previous  occasions,  and  already 
described,  while  in  addition,  the  feed  water  was  heated  by  the  exhaust  steam 
from  the  engines,  and  thus  charged  with  grease.  Though  a  surface  blow-out 
apparatus  was  fixed  to  these  boilers,  it  was  quite  negnected,  the  connection  be- 
tween the  internal  collecting  trough  and  the  scum  tap  being  broken  off,  so  that 

Fig.  I. 
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it  was  rendered  useless,  while  the  boilers  altogether  had  been  very  carelessly 
looked  after.  These  facts  were  faithfully  reported  to  the  manager  of  the  works, 
coupled  with  the  recommendation  that  the  practice  of  heatingthe  feed  water  by 
the  injection  of  the  exhaust  steam,  should  be  at  once  discontinued.  But  this 
view  of  the  case  by  no  means  proved  acceptable.  The  manager  was  resolved  to 
have  the  boilers  condemned,  and  not  their  treatment  or  that  of  the  feed  water. 
The  following  analysis,  however,  of  the  feed  water  and  sediment  formed  by 
it,  shows  how  similar  they  were  in  character  to  the  previous  cases  referred 
to:— 

Sediment. 

"'  Carbonate  of  lime  81*210 

Sulphate  of  lime  1*447 

Carbonate  of  magnesia  3*991 

Iron-peroxide,  alumina  1*811 

Silica-sand 1*441 

Moisture  and  volatile  matter 7*100 

100*000 

"  '  N.B. — The  volatile  matter  seemed  to  be  of  an  oleaginous  nature,  and  could 
not  well  be  estimated.' 

Watek.  Grains  per  gallon. 

"' Carbonate  of  lime  11*228 

Sulphate  of  lime  3*840 

Carbonate  of  magnesia   2*224 

Chloride  of  sodium    2*460 

Silica 0*550 

Total  residue,  20*410 
Hardness  before  boiling,  13*5° 
„         after        „  4*5° 

"  '  N.B. — The  water  was  clear,  slightly  acid,  and  contained  but  a  trace  of  iron. 
It  has  no  particular  solvent  action  on  iron.' 

"  Looking  at  the  above  analysis  there  can  be  no  question  that  the  character  of 
the  feed  water,  and  the  introduction  of  grease,  coupled  with  the  practice  of 
allowing  the  sediment  to  accumulate  in  large  quantities  in  the  boilers,  was  the 
cause  of  the  injury  to  the  furnace  crowns,  as  in  the  cases  previously  referred  to, 
while  it  may  be  added  in  confirmation  that  after  examining  these  boilers  I  was 
informed  that  one,  if  not  more,  of  the  fusible  plugs  had  been  blown  out  though 
covered  with  water  at  the  time,  which  is  a  clear  evidence  that  over  heating  had 
taken  place.  Trying,  however,  as  the  feed  water  was  in  this  instance,  the  in- 
jury to  the  furnace  crowns  would  have  been  materially  reduced,  and  probably 
avoided  altogether,  had  the  apparatus  for  blowing  out  from  the  surface  of  the 
water  been  kept  in  good  order  and  regularly  used. 

"It  may  also  be  stated  that  at  the  time  of  my  visit  I  strongly  urged  that  the 
boilers  should  be  gently  fired,  since,  under  the  circumstances,  bard  firing  might 
bring  the  furnace  crowns  down  in  two  hours.  I  had  but  just  returned  to  Man- 
chester, when  the  manager  wrote  me  that  another  of  the  boilers  had  failed  at 
the  furuace  crowns,  and  the  works  in  consequence  were  at  a  standstill.  Hard 
firing  is  an  important  element  in  these  cases  of  injury  to  furnace  crowns  with 
waters  containing  this  fine  flour}'  deposit. 

"  No.  5.  The  fifth  case  which  may  be  referred  to  occurred  in  Sunderland  to  a 
boiler  of  the  patent  double  furnace  conical  water  tube  class,  and  my  attention 
was  called  to  it  in  January,  1868.  This  boiler  had  been  found  to  fail  repeatedly 
at  the  plates  and  seams  of  rivets  in  the  furnaces,  in  consequence  of  which  fre- 
quent repairs  had  been  had  recourse  to,  and,  supposing  that  the  injury  to  the 
boiler  was  due  to  expansion  of  the  parts,  and  to  too  much  rigidity,  a  hoop  of 
bridge  rail  or  horse  shoe  section  had  been  worked  out  of  Low  Moor  iron,  and 
introduced  at  one  of  the  ring  seams  of  rivets  in  each  of  the  furnaces  in  order 
to  give  elasticity.  This,  however,  proved  of  no  avail,  the  furnaces  again,  gave 
trouble  and  bulged  inwards,  when  some  strong  stays,  lashing  the  furnaces  to  the 
shell  were  put  in,  somewhat  as  in  the  case  of  No.  2,  and  as  illustrated  in  Pigs. 
1  and  2. 

"At  this  juncture  the  owner  of  the  boiler,  who  was  a  corresponding  member 
of  this  association,  saw  me  with  regard  to  it,  and  from  his  sketch  of  the  shape 
in  which  the  furnaces  had  given  way,  the  case  appeared  very  similar  to  those 
already  mentioned,  while  it  turned  out  on  inquiry  that  the  feed  water  contained 
a  good  deal  of  carbonate  of  lime,  and  that  it  was  heated  by  the  exhaust  steam, 
and  thus  received  the  engine  sewage.  I  laid  the  facts  of  the  previous  cases  be- 
fore the  owner  of  the  boiler,  and  on  his  return  he  had  the  feed  water  changed, 
when  the  bulging  of  the  furnace  crown  ceased,  while  it  maybe  added,  that  he 
found  on  reference  that  the  difficulty  with  the  furnace  crowns  had  commenced 
with  the  use  of  the  feed  water  in  question,  so  that  this  afforded  a  double  proof 
of  the  cause  of  the  injury. 

"  No.  6.  The  sixth  case  which  may  be  mentioned,  and  to  which  mv  attention 
■wacs  first  drawn  about  March,  1868,  gave  as  much  perplexity  as  any  one  of 
them. 

"It  occurred  to  any  ordinary  Lancashire  boiler  in  the  neighbourhood  of  Man 
Chester,  while  the  feed  water,  which  was  drawn  from  a  well  sunk  on  the  pre- 
mises, was  heated  by  the  exhaust  steam  from  the  engine.  The  boiler  measured 
about  24ft.  in  length,  6ft.  9in.  in  the  diameter  of  the  shell,  and  2ft.  3in.  in  the 
furnace  tubes,  while  it  was  worked  at  a  prcssuae  of  551b.  on  the  square  inch. 
This  boiler  had  been  originally  constructed  for  experimentpurposes,in  consequence 
of  which  some  steam  pipes  from  10  to  12in.  in  diameter,  were  carried  through 
it  from  one  end  to  the  other,  which  thus  served  as  longitudinal  stays  to  the  end 
plates.  As  these  complicated  the  boiler,  they  were  removed,  and  gusset  stays 
substituted  for  them. 

'*  Shortly  after  this,  the  furnace  crowns  were  observed  to  leak.  Whether  this 
had  commenced  before  the  removal  of  the  pipe  stays  just  referred  to  or  not,  is 


difficult  to  ascertain,  at  all  events  the  owner  attributed  the  difficulty  with  the 
furnace  crowns  to  the  removal  of  these  pipes  and  the  introduction  of  gussets  in 
their  place.  This  clearly  however  had  nothing  to  do  with  it,  though  it  was  not 
very  apparent  what  was  the  real  cause.  After  repeated  minor  repairs  however 
were  found  useless,  the  furnace  tubes  were  taken  out  altogether,  the  front  half 
of  them  entirely  renewed  and  strengthened  at  two  of  the  ring  seams  of 
rivets  with  T  iron  hoops,  while  the  front  end  plate  of  the  boiler  was  also 
renewed. 

"  The  manner  in  which  the  repairs  were  executed,  appeared  on  examination 
to  be  satisfactory,  nevertheless,  the  boiler  only  worked  on  a  few  weeks  before 
leakage  again  commenced.  A  consulting  engineer  was  then  called  in,  who  gave 
it  as  his  opinion  that  the  fault  was  in  the  workmanship,  and  that  the  overlaps 
had  not  been  well  drawn  up.  The  defective  seams  were  therefore  again  repaired, 
the  old  rivets  cut  out,  the  holes  rimered,  and  fresh  rivets  put  in. 

"  Just  at  the  time  that  the  boiler  was  re-started,  a  number  of  practical  work- 
ing boiler  makers  had  a  meeting,  and  discussed  the  cause  of  the  continued  aud 
mysterious  leakage  that  had  occurred  to  this  boiler.  One  of  them  strongly  ob- 
jected to  the  encircling  hoops,  and  to  these  he  attributed  all  the  injury,  stating 
that  he  had  a  similar  boiler  under  his  charge  which  was  never  out  of  trouble, 
but  always  leaking  and  needing  repair,  while  he  considered  such  a  boiler  was  as 
good  as  an  annuity  to  the  mender,  and  that  the  man  who  was  charged  to  keep 
the  one  under  consideration  in  order,  would  never  be  in  want  of  a  job.  At 
length  the  meeting  unanimously  resolved  that  encircling  hoops  prevented  any 
expansion  of  the  furnaces,  and  that  it  was  against  all  the  known  laws  of  nature 
for  boilers  constructed  in  this  way  to  keep  tight,  and  further,  that  within  three 
weeks,  leakage  would  set  in  again,  and  the  works  would  have  to  be  stopped  for 
further  repairs.  This  decision  was  communicated  to  the  owner  of  the  boiler,  and, 
surely  enough,  within  the  appointed  time  the  boiler  commenced  to  leak  once 
more.  At  this,  the  owner  was  quite  disheartened,  and  regretted  that  he  had  not 
had  the  boiler  entirely  renewed  rather  than  repaired. 

"  In  a  long  conversation  with  the  owner  at  this  juncture,  it  transpired  inci- 
dentally that  when  his  men  first  got  into  the  boiler  after  letting  off  the  water, 
they  found  some  loose  fine  dusty  deposit  within  it,  when  it  at  once  occurred  to 
me  that  this  case  might  be  similar  to  the  others,  previously  recorded  in  this 
report.  This  had  not  been  suspected  before,  since  the  furnace  crowns  were  not 
bulged  out  of  shape,  but  merely  strained  at  the  seams  of  rivets,  while,  in  answer 
to  inquiries  it  had  been  stated  that  the  deposit  altogether  was  of  a  very  incon- 
siderable and  trivial  character.  I  therefore  explained  to  the  owner  my  suspi- 
cions that  all  the  trouble  he  had  experienced  was  due  to  the  feed  water,  aud 
recommended  him  at  all  events  to  give  the  boiler  a  trial  with  the  Manchester 
town's  water,  instead  of  that  drawn  from  the  well,  a  recommendation,  it  may  be 
added,  that  had  already  been  made,  as  a  matter  of  precaution,  but  had  not 
been  thought  worthy  of  adoption.  Though  he  had  no  faith  in  the  remedy 
proposed,  it  was  so  simple  that  he  consented  to  try  it.  The  boiler  was  at 
once  washed  out,  and  the  next  morning,  started  to  work  with  the  town's 
water.  From  that  day  the  trouble  was  over.  The  boiler  worked  on  satis- 
factorily for  several  weeks,  and  after  being  slightly  caulked  so  as  to  remove 
the  effects  of  the  old  leakages,  it  was  perfectly  sound,  and  though  the  T  iron 
hoops,  which  were  decided  at  the  meeting  of  boiler  makers  to  be  'opposed to 
all  the  known  laws  of  nature,'  had  not  been  removed,  the  boiler  has  worked  on 
to  this  day  without  giving  further  trouble,  and  promises  to  do  so  for  the  next 
seven  years. 

"  The  following  is  an  analj'sis  of  the  sediment,  from  which  it  will  be  seen 
that  carbonate  of  lime  is  the  predominating  ingredient,  though  it  does  not 
form  so  large  a  percentage  as  it  did  in  the  previous  cases,  which  it  is  interest- 
ing to  notice  in  connection  with  the  fact  that  in  this  boiler  the  furnace  plates 
were  not  bulged,  but  merely  strained  at  the  seams  of  rivets : — 

"'Carbonate  of  lime  38*960 

Copper trace. 

Carbonate  of  lead 1*790 

Sesqui-oxide  of  iron  5*005 

Alumina 4*456 

Sulphate  of  lime 4*490 

Carbonateof  magnesia 1*216 

Magnesia 11*847 

Phosphoric  acid trace. 

Chlorine , trace. 

Sand  and  silica  acid  17*977 

Pat    7*375> 

Other  organic  matter 3*367) 

Moisture 2*219 


10*742 


98*702 
" '  The  deficiency  is  partly  due  to  the  given  percentage  of  carbonate  of  lead 
being  too  small,  and  to  the  traces  of  alkalies,  copper,  phosphoric  acid,  and 
chlorine.' 

"  When  the  boiler  continued  to  work  on  satisfactorily  week  after  week,  and 
month  after  month,  simply  by  exchanging  the  well  water  for  the  town's  water, 
the  owner  could  not  entertaian  any  further  doubt  on  the  subject ;  and  on  recol- 
lecting the  changes  made  in  his  work  from  time  to  time  and  remembering  how 
the  well  had  been  deepened  to  increase  its  supply,  he  was  able  to  trace  a  clear 
connection  between  the  use  of  the  well  water  and  the  leakage  of  the  boiler.  This 
shortly  received  a  striking  corroboration.  In  the  course  of  the  long  drought 
that  occurred  in  the  summer  of  1868,  the  supply  of  the  Manchester  Water  Works, 
as  all  in  this  locality  will  remember,  began  to  run  short,  especially  for  engine 
purposes,  so  that  for  one  afternoon  the  owner  was  obliged  to  fall  back  on  the  well 
water,  when,  though  he  tried  the  experiment  for  a  few  hours  only,  the  boiler  at 
once  commenced  to  leak  as  before,  so  that  he  gave  up  the  well  water  once  more, 
and  resolved  never  to  return  to  it  again. 
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''  This  case  though  not  so  severe  as  some  of  the  others  mentioned,  is  perhaps 
the  most  interesting,  from  the  great  perplexity  which  arose  with  regard  to  it,  and 
the  conclusive  manner  in  which  it  wes  cleared  up. 

"  No.  7.  The  seventh  case  was  met  with  near  Carlisle,  in  July,  18G3.  The 
boilers,  in  this  instance  which  were  of  the  ordinary  Lancashire  type,  and 
strengthened  at  the  ring  seams  of  rivets  in  the  furnaces  with  T  iron  hoops,  drove 
a  condensing  engine,  and  were  fed  from  the  hot  well.  The  length  of  these 
boilers  were  about  30ft.,  their  diameter  in  the  shells  7ft.,  and  in  the  furnace  2ft. 
8in.,  while  the  load  on  the  safety-valve  was  501b.  per  square  inch. 

"  These  boilers  gave  way  as  in  the  previous  cases  at  the  furnace  crowns,  in 
consequence  of  which  the  owners  reflected  on  the  maker,  and  the  makers,  know- 
ing they  had  delivered  sound  work,  could  only  account  for  the  failure  by  sup- 
posing that  the  boilers  had  been  neglected,  and  the  water  supply  allowed  to  run 
short. 

"  On  making  an  examination  I  found  that  the  deposit  within  the  boilers  was 
of  a  fine  tbury  r.ature,  like  that  already  described  in  the  previous  instances, 
though  the  quantity  was  not  so  great,  neither  were  the  furnaces  so  severely  dis- 
tressed.    The  following  is  an  analysis  : — 

"' Carbonate  of  lime G939 

Iron  (peroxide)   2T7 

Alumina 203 

Sulphate  of  lime 239 

Carbonate  of  magnesia 3"38 

Silica  and  sand  10'73 

*  Organic  matter 7'56 

Moisture 2'35 

J  0000' 

"  From  the  above  analysis  it  will  be  seen  that  the  feed  water  was  very  similar 
to  that  met  with  in  the  other  cases  previously  referred  to,  though  it  will  be  seen 
that  the  percentage  of  carbonate  of  lime  is  scarcely  so  high,  which  possibly 
explains  the  fact  stated  above  that  the  furnace  crowns  were  less  distressed  than 
usual, 

"  No.  8.  The  eighth  case  that  may  be  referred  to  was  met  with  in  August, 
1808,  and  occurred  to  a  couple  of  boilers  laid  dewn  near  the  river  Mersey,  in  the 
neighbourhood  of  Widnes.  These  boilers  were  of  the  ordinary  Lancashire  type, 
and  were  but  just  new,  yet  they  had  failed  repeatedly  at  the  ring  seams  of  rivets 
of  the  furnace  crowns,  when  the  old  rivets  had  been  cut  out,  the  holes  rimered, 
and  new  rivets  inserted,  but  without  success. 

"Under  these  circumstances  the  maker  of  the  boilers  called  upon  me,  when, 
in  answer  to  inquiries,  it  appeared  that  the  feed  water  was  heated  by  the  exhaust 
steam  from  the  donkey  engine,  and  that  the  deposit  was  of  a  light  floury  cha- 
racter. I  at  once  recommended  that  the  exhaust  should  be  diverted  from  the 
feed  water,  and  on  this  being  done  the  difficulty  with  the  furnace  crowns  was 
overcome.  In  about  a  month  afterwards  the  boilers  were  reported  as  working 
satisfactorily,  although  they  had  never  stood  for  more  than  forty-eight  hours 
before. 

"The  following  is  an  anlysis  of  the  sediment,  which,  as  in  previous  cases, 
shows  a  predominating  proportion  of  carbonate  of  lime: — 

"  'Carbonate  of  lime  and  magnesia 83'33 

Sulphate  of  lime 1*17 

Alumina  and  iron 425 

Silica    7-40 

Oily  matter 025 

Organic  matter 3"C0 

10000' 

"  It  may  be  added  that  further  cases  have  been  met  with  in  the  neighbour- 
hood of  rVidnes,  and  that  in  December  last  two  other  boilers  came  under  my 
attention,  the  furnaces  of  which  were  bulged  out  of  shape  from  the  game  Cause  a^ 

that  referred  to  above. 

"It  is  worthy  of  note  that  three  different  cases  of  injury  to  furnace  crowns 
from  this  line  floury  depotit  have  been  met  with  in  the  neighbourhood  of  the 
and  within  a  lew  a  miles  oi  Liverpool. 

"  I  have  gone  into  tl  i|  is  one  not  generally 

understood.    It  will  be  seen  that  I I  injury  referred  to  were  not  con- 

fund  to  an)  peculiar  locality,  but  were  met  with  in  the  neighbourhoods  ol 
London  Lam  i  lor,  Carlisle,  Birkenhead.  Sunderland,  llnabon,  Widnes,  Hnn- 
cheater,   o  that  tbey  were  » ideli  I  .  h  be 

doubted  that  for  tb  ■  want  oi  Duderstnn  li  ises  ol  misappre- 

hension between  in  and   boili  must  have  occurred,  and  the 

blan  i  a  the  furnaces,  attributed  to  del 

workmanship,  oi  ovcrheatin  ittendauts,  instead  ol   to 

the  fei  d  water.  i  ol  information  on  this 

subject  will  prove  ol  practical  val  makers  and  boili  id  thai 

lumbi  i  "i  e  lample     iven  will  be 
thai  both  in  external!)  and  in  iiitorunlly-fii  -  vat  the  Ore 

maj  be  overheated  and  bulgi  d  onl 
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ADDRESS    READ    BEFORE    SECTION     G    ('MECHANICAL    SCIENCE 
SECTION)  OF  THE  BRITISH   ASSOCIATION,  AUGUST  19,  1869. 

By  C.  William  Siemens,  F.R.S. 

In  addressing  yon  from  this  chair,  I  feel  that  I  have  accepted  a  task  which, 
however  flattering,  I  should  have  hesitated  to  undertake  had  I  not  every  reason 
to  rely  on  your  forbearance,  and  on  the  friendly  support  of  those  senior  mem- 
bers of  our  profession  who,  by  their  attendance  at  these  annual  gatherings,  give 
weight  and  importance  to  our  proceedings.  I  also  greatly  depend  on  the  co- 
operation of  those  members  of  the  British  Association  who,  although  devoted 
to  the  cultivation  of  physical  sciences,  are  nevertheless  ever  ready  to  assist  us  iu 
our  end  -avours  to  apply  those  sciences  to  practical  ends. 

It  is  bj'  submitting  such  subjects  as  will  be  brought  before  us  to  the  double 
touchstone  of  pure  science  and  of  practical  experience  that  we  shall  be  able  to 
appreciate  real  merit,  and  at  the  same  time  assist  the  authors  of  the  several 
papers,  bj-  a  confirmation  or  rectification  of  their  views,  thus  redeeming  our 
proceedings  from  the  inherent  disadvantage  of  lack  of  time  to  give  that  full  and 
patient  attention  which  the  authors  might  meet  with  in  bringing  their  subjects 
before  the  purely  professional  Institutions  of  Civil  Engineers,  Mechanical  En- 
gineers, or  Naval  Architects. 

In  prefacing  our  proceedings  with  a  few  remarks  on  the  leading  subjects  of 
the  day  of  special  interest  to  our  section,  I  can  scarcely  pass  over  the  somewhat 
hackneyed  question  of  technical  education. 

The  great  international  exhibitions  proved  that,  although  England  still  holds 
her  ground  as  the  leading  manufacturing  country,  the  nations  of  the  continent 
have  made  great  ^strides  to  dispute  her  pre-eminence  in  several  branches — a 
result  which  is  generally  ascribed  to  their  superior  system  of  technical  educa- 
tion. Those  desirous  of  attaining  a  clear  insight  into  that  system,  and  the  vast 
scale  upon  which  it  is  being  carried  out  under  government  supervision,  cannot 
do  better  than  read  Mr.  Scott  Russell's  very  able  volume  on  this  subject,  and 
they  will  uo  doubt  agree  with  the  author  in  the  necessity  of  energetic  steps 
beins:  taken  to  promote  the  work  of  universal  education.  Although  1  for  one 
think  that  objection  may  fairly  be  made  against  the  plan  of  merely  imitating 
the  example  of  our  neighbours. 

The  polytechnic  schools  of  the  continent,uot  satisfied  with  imparting  to  the  tech- 
nical student  a  good  knowledge  of  mathematics  and  of  natural  sciences,  pretend 
also  to  superadd  the  practical  information  necessary  to  constitute  them  en- 
gineers or  manufacturers. 

This  practical  information  is  conveyed  to  them  by  professors,  lacking  them- 
selves practical  experience,  and  tends  to  engender  in  the  students  a  dogmatical 
conceit,  which  is  likely  to  stand  in  the  way  of  originality  in  the  adaptation  of 
new  means  to  new  euds  in  their  future  career.  On  this  account  I  should  prefer 
to  see  a  sound  fundamental  education,  comprising  mathematics,  dynamics, 
chemistry,  geology,  and  physical  science,  with  a  sketch  only  of  the  technical 
arts,  followed  up  by  professional  training,  such  as  can  only  be  obtained  in  the 
workshop,  the  office,  or  the  field. 

The  universal  interest  evinced  throughout  the  country  in  the  work  of  educa- 
tion, by  Parliamentary  inquiries,  by  the  erection  of  colleges  and  professorships, 
and  by  the  munificence  of  a  leading  member  of  our  section  in  ■•ndowing  a 
hundred  scholarships,  are  proofs  that  England  intends  to  hold  her  place  also  in 
this  question  of  education  amongst  the  nations,  and  I  am  confident  that  -lie 
will  accomplish  this  object  in  a  manner  in  unison  with  her  practical  tendencies 
and  independence  of  character. 

Closely  allied  to  the  question  of  education  is  that  of  the  system  of  letters 
patent.  A  patent  is,  according  to  modern  views,  a  contract  between  the  Com- 
monwealth and  an  individual  who  has  discovered  a  method,  peculiar  to  himself, 
of  accomplishing  a  result  of  general  utility.  The  state,  being  interested  to 
secure  the  information  and  to  induce  the  inventor  to  put  his  invention  into 
practice,  grants  him  the  exclusive  right  of  practising  it,  or  of  authorising  others 
to  do  so,  for  a  limited  number  of  years,  in  consideration  of  his  making  a  full 
and  sufficient  description  of  the  same.  Unfortunately,  this  simple  and  equitable 
theory  of  the  patent  system  is  very  imperfectly  carried  out,  and  is  beset  with 
various  objectionable  practices,  which  under  a  patent  sometimes  an  impediment 
to  rather  than  a  furtherance  of  applied  science,  and  sometimes  involve  the 
author  of  an  invention  in  endless  legal  contentions  and  disaster,  instead  of 
procuring  for  him  the  intended  reward.  These  evils  are  mi  great  and  palpable 
that  many  persons,  including  men  of  undoubted  sincerity  and  sound  judgment 
on  most  BUajects,  advocate  the  entire  abolition  of  the  patent  laws.     They  argue 

thai  the  desire  to  publish  the  results  of  our  mental  labour  suffices  to  insure  to 
the  commonwealth  the  possession  of  all  new  discoveries  or  inventions,  and  that 
justice   might   be  done  to   meritorious  inventors  by  giving  them   national   re- 
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*  machine  or  process  happened  to  belong  to  a  nation  without  an  efficient 
patent  law,  we  find  that  he  readily  transferred  the  scene  of  his  activity  to  the 
country  offering  him  the  greatest  encouragement,  there  to  swell  the  ranks  of 
intelligent  workers.  Whether  we  look  upon  the  powerful  appliances  that  fashion 
shapeless  masses  of  iron  and  steel  into  railway  wheels  or  axles,  or  into  the 
more  delicate  parts  of  machinery  ;  whether  we  look  upon  the  complex-machinery 
in  our  cotton  factories,  our  dye  works,  and  paper  mills,  or  into  a  Birmingham 
manufactory,  where  steel  pens,  buttons,  pens,  buckles,  screws,  pencil-cases, 
and  other  objects  of  general  utility  are  produced  by  carefully  elaborated 
machinery  at  an  extremely  low  cost ;  or  whether  we  look  upon  our  agricultural 
machinery  by  which  England  is  enabled  to  compete,  without  protection, 
against  the  Russian  or  Dauubian  agriculturist,  with  cheap  labour  and  cheap 
land  to  back  him,  in  nearly  all  cases  we  find  that  the  machinery  has  been  de- 
signed and  elaborated  in  its  details  by  a  patentee  who  did  not  rest  satisfied  till 
he  had  persuaded  the  manufactures  to  adopt  the  same,  and  removed  all  their 
real  or  imaginary  objections  to  the  innovation.  We  also  find  that  the  know- 
ledge of  its  construction  reaches  the  public  directly  or  indirectly  through  the 
paient  office,  thus  enlarging  the  basis  for  further  inventive  progress. 

The  greatest  illustration  of  the  beneficial  working  of  the  patent  laws  was  sup- 
plied, in  my  opinion,  by  James  Watt  when,  just  about  100  years  ago,  he 
patented  his  invention  of  a  hot  working  cylinder  and  separate  steam  engine 
condenser.  After  years  of  contest  against  those  adverse  circumstances  that 
beset  every  important  innovation,  James  Watt,  with  failing  health  and  scanty 
means,  was  only  upheld  in  his  struggle  by  the  deep  conviction  of  the  ultimate 
triumph  of  his  cause.  This  conviction  gave  him  confidence  to  enlist  the  co- 
operation of  a  second  capitalist,  after  the  first  had  failed  him,  and  of  asking 
for  an  extension  of  his  declining  patent. 

Without  this  opportune  help  Watt  could  not  have  succeeded  iu  maturing  his 
invention  ;  he  would,  in  all  probability,  have  relapsed  into  the  mere  instrument 
maker,  with  broken  health  and  broken  heart,  and  the  invention  of  the  steam 
engine  would  not  only  have  been  retarded  for  a  generation  or  two,  but  its  final 
progress  would  have  been  based  probably  upon  the  coarser  conceptions  of  Papin, 
Savory,  and  Newcomeu. 

It  can  easily  be  shown  that  the  perfect  conception  of  the  physical  nature 
of  steam  which  dwelt  like  a  heaven  born  inspiration  in  Watt's  mind 
was  neither  understood  by  his  contemporaries  nor  by  his  followers  up  to 
very  recent  times,  nor  can  it  be  gathered  from  Watt's  very  imper- 
fect specification.  James  Watt  was  not  satisfied  to  exclude  the  con- 
densing water  from  his  working  cylinder  and  to  surround  the  same  by 
non-conducting  substances,  but  he  placed  between  the  cylinder  and  the  non- 
conducting envelope  a  source  of  heat  in  the  form  of  a  steam  jacket,  filled  with 
steam  at  a  pressure  somewhat  superior  to  that  of  the  working  steam.  His 
successors  have  not  only  discarded  the  steam  jacket,  and  even  condemned  it 
on  the  superficial  plea  that  the  jacket  presented  a  larger  and  hotter  surface  for 
loss  by  radiation  than  the  cylinder,  but  expansive  working  was  actually  re- 
jected by  some  of  them  on  the  ground  that  no  practical  advantage  could  be 
obtained  by  it.  The  modern  engine,  notwithstanding  our  perfected  means  of 
construction,  had  in  fact  degenerated  in  many  instances  into  a  simple  steam- 
meter  constructed  apparently  with  a  view  of  emptying  the  boiler  in  the  shortest 
possible  space  of  time. 

It  is  only  during  the  last  twenty  years  that  the  subtle  action  of  saturated 
steam  in  condensing  upon  the  sides  of  the  cylinder  when  under  pressure,  and 
of  evaporating  when  the  pressure  is  relieved  toward  the  end  of  each  stroke 
has  been  again  recognised  and  insisted  upon  by  Lechatelier  and  others  who 
have  shown  the  necessity  of  a  slightly  super-heated  cylinder  in  order  to  realize 
the  expansive  force  of  steam.  The  result  has  been  a  reduction  in  the  consump- 
tion of  fuel  in  our  best  marine  engines  from  6  or  8  to  below  3  lb.  per  gross  in- 
dicated horse  power. 

Would  it  be  safe  in  view  of  such  facts  as  these  to  discard  the  patent  laws, 
which,  as  I  have  endeavoured  to  show,  lay  at  the  very  foundation  of  our 
modern  progress,  without  making  at  all  events  a  serious  effort  to  remedy  those 
evils,  which,  it  is  admitted  on  all  hands,  now  adhere  to  them  ?  These  evils 
need  for  the  most  part  no  special  legislation,  but  can  be  traced  to  the  im- 
perfect manner  in  which  the  existing  patent  laws  are  carried  into  effect.  It  is 
a  hopeful  circumstance  that,  during  the  next  session  of  Parliament,  the  whole 
question  of  the  patent  laws  is  likely  to  be  inquired  into  by  a  special  com- 
mittee, who,  it  is  hoped,  will  act  decidedly  in  the  general  interest  without  being 
influenced  by  special  or  professional  claims.  The}'  will  have  it  in  their  power 
to  render  the  patent  office  an  educational  institution  of  the  highest  order. 

In  viewing  the  latest  achievements  of  engineering  science  two  works  strike 
the  imagination  chiefly  by  their  exceeding  magnitude,  and  by  the  influence  they 
are  likely  to  exercise  upon  the  traffic  of  the  world.  The  first  of  these  is  the 
Pacific  Railway,  which  in  passing  through  vast  regions  hitherto  inaccessible 
to  civilised  man,  and  over  formidable  mountain  chains,  joins  California  with  the 
Atlantic  States  of  the  great  American  republic.  The  second  .is  the  Suez  ship 
canal,  which,  notwithstanding  adverse  proguostigations  ^and  serious  diffi- 
culties, will  be  opened  very  shortly  to  the  commerce  of  the  world.  These  works 
must  greatly  extend  the  range  of  commercial  enterprise  in  the  North  Pacific 
and  the  Indian  Seas.  The  new  waterway  to  India  will,  owing  to  the  difficult 
navigation  of  the  Red  Sea,  be  iu  effect  only  available  for  ships  propelled  by 
steam,  and  will  give  a  stimulus  to  that  branch  of  engineering. 

Telegraph  communication  with  America  has  been  rendered  more  secure  against 
interruption  by  the  successful  submersion  of  the  French  Transatlantic  Cable. 
On  the  other  hand,  telegraphic  communication  with  India  still  remains  in  a 
very  unsatisfactory  condition,  owing  to  imperfect  lines  and  divided  administra- 
tion. To  supply  a  remedy  for  this  public  evil,  the  Indo-European  Telegraph 
Company  will  shortly  open  its  special  lines  for  Indian  correspondence.  In 
Northern  Russia  the  construction  of  a  land  line  is  far  advanced  to  connect  St. 
Petersburg  with  the  mouth  of  the  Amoor  river,  on  completion  of  which  only 
a  submarine  link  between  the  Amoor  and  San  Francisco  will  be  wanting  to 


complete  the  telegraphic  girdle  round  the  earth.  With  these  great  highways  of 
speech  onc6  established,  a  network  of  submarine  and  aerial  wires  will  soon  follow 
to  bind  all  inhabited  portions  of  our  globe  together  into  a  closer  community  of 
interests,  which  if  followed  up  b}r  steam  communication  by  land  and  by  sea, 
will  open  out  a  great  and  meritorious  field  for  the  activity  of  the  civil  and 
mechanical  engineer. 

But  while  great  works  have  to  be  carried  out  in  distant  parts,  still  more 
remains  to  be  accomplished  nearer  home.  The  railway  of  to-day  has  not  only 
taken  the  place  of  high  loads  and  canals  for  the  transmission  of  goods  and  pas- 
sengers between  our  great  centres  of  industry  and  population,  but  is  already 
superseding  bye-roads  leading  to  places  of  inferior  importance ;  it  competes  with 
the  the  mule  in  carrying  minerals  over  mountain  passes,  and  with  the  omnibus 
in  our  great  cities.  If  a  river  cannot  be  spanned  by  a  bridge  without  hindering 
navigation,  a  tunnel  is  forthwith  in  contemplation  ;  or,  if  that  should  not  be 
practicable,  the  transit  of  trains  is  yet  accomplished  by  the  establishment  of  a 
large  steam  ferry.  It  is  one  of  the  questions  of  the  day  to  decide  by  which 
plan  the  British  Channel  should  be  crossed  to  relieve  the  unfortunate  traveller 
to  the  continent  of  the  exceeding  discomfort  and  delay  inseparable  from  the- 
existing  most  imperfect  arrangements.  Considering  that  tlvU  question  has  now 
been  taken  up  by  some  of  our  leading  engineers,  and  is  also  entertained  by  the- 
two  interested  Governments,  we  may  look  forward  to  its  speedy  and  satisfactory 
solution. 

So  long  as  the  attention  of  railway  engineers  was  confined  to  the  construction 
of  main  lines,  it  was  necessary  for  them  to  provide  for  a  heavy  traffic  and  high 
speeds,  and  these  desiderata  are  best  met  by  a  heavy  permanent  way,  by  easy 
curves,  and  heavy  rails  of  the  strongest  possible  materials,  namely,  cast  steel ; 
but  in  extending  the  system  to  the  corners  of  the  earth,  cheapness  of  construc- 
tion and  maintenance,  tor  a  moderate  speed  and  a  moderate  amount  of  traffic, 
become  a  matter  of  necessity.  Instead  of  plunging  through  hill  and  mountain, 
and  of  crossing  and  recrossing  rivers  by  a  series  of  monumental  works,  the 
modern  railway  passes  in  zigzag  up  the  steep  incline,  and  conforms  to  the 
windings  of  the  narrow  gorge ;  it  can  only  be  worked  by  light  rolling  stock  of 
flexible  construction,  furnished  with  increased  power  of  adhesion  and  great 
brake  power.  Yet,  by  the  aid  of  the  electric  telegraph,  in  regulating  the  pro- 
gress of  each  train,  the  nuujber  of  trains  may  be  so  increased  as  to  produce, 
nevertheless,  a  large  aggregate  of  traffic,  and  it  is  held  by  some  that  our  trunk 
lines  even  would  be  worked  more  advantageously  by  light  rolling  stock.  The 
brake  power  on  several  of  the  French  and  Spanish  railways  has  been  greatly 
increased  by  an  ingenious  arrangement,  conceived  by  M.  Lechatelier,  of  apply- 
ing what  has  been  termed  "  contre  vapeur"  to  the  engine,  converting  it  for  the 
time  being  into  a  pump  forcing  steam  and  water  into  the  boiler. 

While  the  extension  of  communication  occupies  the  attention  of  perhaps  the 
greater  number  of  our  engineers,  others  are  engaged  upon  weapons  of  offensive 
and  defensive  warfare.  We  have  scarcely  recovered  our  wonder  at  the  terrific 
destruction  dealt  by  the  Armstrong  gun,  the  Whitworth  bolt,  or  the  steel 
barrel  consolidated  under  Krupp's  gigantic  steam-hammer,  when  we  hear  of  a 
shield  of  such  solidity  and  toughness  as  to  bid  defiance  to  them  all.  A  larger 
gun  or  a  hard  bolt  by  Palliser  or  Gruson  is  the  successful  answer  to  this  chal- 
lenge, when  again  defensive  plating,  of  greater  tenacity  to  absorb  the  power 
residing  in  the  shot,  or  of  such  imposing  weight  and  hardness  combined  as  to 
resist  the  projectile  absolutely  (causing  it  to  be  broken  up  b}-  the  force  residing 
within  itself)  is  brought  forward. 

The  ram  of  war  with  heavy  iron  sides,  which  a  few  years  since  was  thought 
the  most  formidable,  as  it  certainly  was  the  most  costly  weapon  ever  devised,  is 
already  being  superseded  by  vessels  of  the  Captain  type,  as  designed  by  Captain 
Coles,  and  ably  carried  out  by  Laird  Brothers,  with  turrets  (armed  with  guns  of 
gigantic  power)  that  resist  the  heaviest  firing,  both  on  account  of  their  extra- 
ordinary thickness,  and  of  the  angular  direction  in  which  the  shot  is  likely 
to  strike. 

By  an  ingenious  device  Captain  Moncrieff  lowers  his  gun  upon  its  rocking 
carriage  after  firing,  and  thereby  does  away  with  embrasures  (the  weak  places 
in  protecting  works),  while  at  the  same  time  he  gains  the  advantage  of  reload- 
ing his  gun  in  comparative  safety. 

It  is  presumed  that  in  thus  raising  formidable  engines  of  offensive  and  de- 
fensive warfare  the  civilised  nations  of  the  earth  will  pause  before  putting  them 
into  earnest  operation,  but  if  they  should  do  so,  it  is  consolatory  to  think  that 
they  could  not  work  them  for  long  without  effecting  the  total  exhaustion  of 
their  treasures  already  drained  to  the  utmost  in  their  construction. 

AVhile  science  and  mechanical  skill  combine  to  produce  these  wondrous  results, 
the  germs  of  further  and  still  greater  achievements  are  matured  in  our  me- 
chanical workshops,  in  our  forges,  and  in  ourmetallurgical  smelting  works ;  it  is 
there  that  the  materials  of  construction  are  prepared,  refined,  and  put  into 
such  forms  as  to  render  greater  and  still  greater  ends  attainable.  Here  a  great 
revolution  of  our  constructive  art  has  been  prepared  b}' the  production  iu  large 
quantities  and  at  moderate  cost,  of  a  material  of  more  than  twice  the  strength 
of  iron,  which,  instead  of  being  fibrous,  has  its  full  strength  in  every  direction, 
aud  which  can  be  modulated  to  every  degree  of  ductility,  approaching  the  hard- 
ness of  the  diamond  on  the  one  hand  and  the  proverbial  toughness  of  leather 
on  the  other.  To  call  this  material  cast  steel  seems  to  attribute  to  it  brittlenesss 
and  uncertainty  of  temper,  which,  however,  are  by  no  means  its  necessary  cha- 
racteristics. This  new  material,  as  prepared  for  constructive  purposes,  may, 
indeed,  be  both  hard  and  tough,  as  is  illustrated  by  the  hard  steel  rope  that 
has  so  material]}'  contributed  to  the  practical  success  of  steam  ploughing.  Ma- 
chinery steel  has  gradually  come  into  use  since  about  1850,  when  Krupp,  of 
Essen,  commenced  to  supply  large  ingots  that  were  shaped  into  railway  tyres, 
axles,  cannon,  &c,  by  melting  steel  in  furnaces  containing  hundreds  of  melting 
crucibles. 

The  Bessemer  process,  in  dispensing  with  the  process  of  puddling,  and  in 
utilising  the  carbon  contained  in  the  pig  iron  to  effect  the  fusion  of  the  fina  1 
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metal,  has  given  a  vast  extension  to  the  application  of  cast  steel  for  railway 
bars,  tyres,  boiler  plates,  &c. 

This  process  is  limited,  however,  in  its  application  to  superior  brands  of  pig 
iron,  containing  much  carbon  and  no  sulphur  or  phosphorus,  which  latter  im- 
purities are  so  destructive  to  the  quality  of  steel.  The  puddling  process  has 
still  unless  the  process  of  decarburisation  of  Mr.  Heaton  takes  its  place, 
to  be  resorted  to,  to  purify  these  inferior  pig  irons,  which  constitute  the 
bulk  of  our  productions,  and  the  puddled  iron  cannot  be  brought  to  the  con- 
dition of  cast  steel,  except  through  the  process  of  fusion.  This  is  accomplished 
successfully  in  masses  of  from  3  to  5  tons  on  the  open  bed  of  a  regenerative 
gas  furnace  at  the  Landore  Siemens  Steel  Works,  and  at  other  places.  At  the 
same  works  cast  steel  is  also  produced,  to  a  limited  extent  as  yet,  from  iron 
ore,  which,  being  operated  upon  in  large  masses,  is  reduced  to  the  metallic  state 
and  liquified  by  "the  aid  of  a  certain  proportion  of  pig  metal.  The  regenerative 
gas  furnace,  the  application  of  which  to  glass  houses,  to  forges,  &c,  has  made 
considerable  progress,  is  unquestionably  well  suited  for  this  operation,  because 
it  combines  an  intensity  of  beat,  limited  only  by  the  point  of  fusion  of  the 
most  refractory  material,  with  extreme  mildness  of  draught  and  chemical  neu- 
trality of  flame. 

These  and  other  processes  of  recent  origin  tend  toward  the  production,  at  a 
comparatively  cheap  rate,  of  a  very  high  class  material  that  must  shortly  super- 
sede iron  for  almost  all  structural  purposes.  As  yet  engineers  hesitate,  and 
very  properly  so,  to  construct  their  bridges,  their  vessels,  and  their  rolling 
stock  of  the  material  produced  by  these  processes,  because  no  exhaustive  experi- 
ments have  been  published  as  yet  fixing  the  limit  to  which  they  may  safely  be 
loaded  in  extension,  in  compression,  and  in  torsion,  and  because  they  have  as 
yet  no  sufficient  information  regarding  the  tests  b}-  which  their  quality  can 
best  be  ascertained.  This  great  want  is  in  a  fair  way  of  being  supplied  by  the 
experimental  researches  that  have  been  carried  on  for  some  time  at  Her  Ma- 
jesty's dockyards  at  Woolwich,  under  a  committee  appointed  for  that  purpose 
by  the  Institution  of  Civil  Engineers.  In  the  meantime  excellent  service  has 
been  rendered  by  Mr.  Kirkaldy  in  giving  us,  in  a  perfectly  reliable  manner, 
the  resisting  power  and  ductility  of  any  sample  of  material  which  we  wish  to 
submit  to  his  tes:s.  The  result  of  Mr.  Whitworth's  experiments  tending  to 
render  the  hammer  and  the  rolls  obsolete  by  forcing  cast  steel,  while  in  a  semi- 
fluid state,  into  strong  iron  moulds  by  hydraulic  pressure,  are  looked  upon  with 
great  interest.  But  assuming  that  the  new  building  material  has  been  reduced 
to  the  utmost  degree  of  uniformity  and  cheapness,  and  that  its  limits  of  strength 
are  fully  ascertained,  there  remains  still  the  task  for  the  civil  and  mechanical 
engineer  to  prepare  designs  suitable  for  the  development  of  its  peculiar  qualities 
If  in  constructing  a  girder,  tor  example,  a  design  were  to  be  adopted  'hat  had 
been  worked  out  for  iron,  and  if  all  the  scantlings  were  simply  reduced  in  the 
inverse  proportion  of  the  absolute  and  relative  strength  of  the  new  material  as 
compared  with  iron,  such  a  girder  would  assuredly  collapse,  when  the  test 
weight  was  applied,  for  the  simple  reason  that  the  reduced  sectional  area  of 
each  part,  in  proportion  to  its  length,  would  be  insufficient  to  give  stiffness. 
You  might  as  well  almost  take  a  design  for  a  wooden  structure,  and  carry  it  out 
in  iron,  by  simply  reducing  the  section  of  each  part.  The  advantages  of  using 
tin;  stronger  material  become  most  apparent  if  applied,  for  instance,  to  large 
bridges  where  the  principal  strain  upon  each  part  is  produced  by  the  weight  of 
the  structure  itself;  for  supposing  that  the  new  material  can  be  safely  weighted 
to  double  the  bearing  strain  of  iron,  and  that  the  weight  of  the  structure  were, 
reduced  by  one-halt  accordingly,  there  would  still  remain  a  large  excess  of 
available  strength,  in  consequence  of  the  reduced  total  weight,  and  this  would 
justify  a  further  reduction  of  the  amount  of  the  material  employed.  In  con- 
structing works  in  foreign  parts,  the  reduced  cost  of  carriage  furnishes  also  a 
powerful  argument  in  favour  ot  the  stronger  material,  although  its  price  per 
ton  might  hugely  exceed  that  of  iron. 

The  inquiries  of  the  Koya]  Commission  into  the  extent  and  management  of 
our  coalfields  appear  to  be  reassuring  as  regards  the  danger  of  their  .becoming 
soon  exhausted  ;  nevertheless,  the  importance  of  economising  these  precious 
deposits  in  the  production  of  steam  power,  in  metallurgical  operations  and  in 
domestic  use  can  hardly  he  over-estimated.  The  calorific  power  residing  in  a 
pound  of  coal  of  a  given  analysis  (an  now  be  accurately  expressed  in  units  of 
beat,  which  again  are  represented  by  equivalent  units  ot  force  or  of  chemical 
action  ;  therefore,  if  we  ascertain  the  consumption  of  coal  of  a  steam  engine 
or  of  a  surface  employed  in  metallurgical  operations  we  are  able  to  tell  by  the 
light  of  physical  science  what  proportion  Oi  the  heat  of  combustion  is  utilised 
and  what  proportion  is  lost.  Having  arrived  at  this  point  we  can  also  trace 
the  channels  through  which  loss  takes  place,  and  in  diminishing  these  by 
judicious  improvement  we  shall  more  and  more  approach  those  standards  of 
ultimate  perfection  which  we  can  never  reach,  hut  which  we  should  neverthe- 
less keep  steadfastly  before  our  eyes.  Thus  a  pound  of  ordinary  coal  is  capable 
of  producing  12,000  Fahrenheit  unit-  of  beat,  which  equal  9,201,000  loot-pounds 
or  urn  i    w  rv  best  performances  ol  our  pnmping  engines 

do  do  not  exceed   the  limit  of   L,00  net  of  coal. 

Iii  like  manner  i  lie  ol  coal  should  be  capable  of  beating  881b.  of  iron  to  the 

welding  poinl  '>i    aj  8000°  b'ahr.,  whereas  in  an  ordinary  furnace  not  21b.  of 

iron  ire  bo  beated  with  l  U>.  ot  coal.    These  ftgui  to  show  the  great 

for  further  improvement  that  lavs  yet  before  us. 

Although  heat  may  be  said  to  be  the  moving  principle  bj  which  all  things 

in    nature    are  accom  an  I  i       not    only  hurtful    to  sumo  of 

out  processes,  such  us  brewing,  and  destructive  to  onr  nutriments,  but  to  I 

in  bot  climates  or  sitting  in  crowded  rooms  an  excess  ol  temperature  is 
fulh   i  ild  can  lie.  Why,  (hi  a,  may  I 

ask,  should  we  nol  resort  to  refrigeration  in  rammer  aa  well  as  to  calorification 
in  winter,  if  it  can  be  shown  that  the  one  can  be  done  al  nearly  the  sami 
as  the  other?    So  long  as  »f  rely  foi   refti  oration 
upon  importation  of  ice  from  distant  parte,  we  shall  have  to  look  upon  n 

lion  as  a  costly  luxury  only,  but  by  the  use  i   ma- 


chines it  will  be  possible,  I  believe,  to  produce  refrigeration  at  an  extremely 
moderate  expenditure  of  fuel  and  labour.  A  machine  has  already  been  con- 
structed capable  of  produciug  9  lb.  of  ice  or  its  equivalent  for  1  lb.  of  coal, 
whereas  the  equivalent  values  of  positive  heat  developed  in  the  combustion  of 
1  lb.  of  coal,  and  of  negative  heat  residing  in  1  lb.  of  ice,  is  about  as  12,000  to 
170,  or  as  70  to  1.  This  result  alreadx' justifies  the  employment  of  refriegerating 
machines  upon  a  large  scale,  but  it  is  hard  to  say  what  practical  results  may 
yet  be  reached  with  an  improved  machine  on  strictly  dynamical  principles, 
because  such  a  machine  seems  not  tied  in  its  results  to  any  definite  limits.  In 
changing,  for  instance,  a  pound  of  water  from  the  liquid  into  a  gaseous  state 
a  number  of  units  of  heat  are  required,  that  may  be  produced  by  combustion 
of  coal  or  by  the  expenditure  of  force,  but  in  changing  the  same  pound  of  water 
into  ice  heat  is  not  lost  but  gained  in  the  operation,  which  heat  must  be 
traceable  to  another  part  of  the  machine,  either  as  sensible  heat  or  as  developed 
force.  It  would  lead  me  too  far  to  enter  at  present  into  particulars  on  this 
question,  which  is  one  not  without  interest  for  the  physicist  and  the  mechanical 
engineer. 

There  are  several  other  subjects  I  should  have  gladly  mentioned  were  I  not 
afraid  of  encroaching  unduly  upon  your  valuable  time ;  these  will,  I  trust, 
together  with  some  of  those  I  have  mentioned,  be  brought  before  the  section 
in  the  form  of  distinct. papers,  and  will  lead  to  interesting  discussions. 
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ON    THE    THERMAL    ENERGY    OF    MOLECULAR     VORTICES. 

By  W.  J.  Macquorn  Raxkine,  C.E.,  LL.D.,  F.R.SS.  Lond.  and 
Edin.,  &c. 

(Abstract.) 

In  a  previous  paper,  presented  to  the  Royal  Society  of  Edinburgh  in 
December  1849,  and  read  on  the  5th  of  February  1850  (Trans,  vol.  xx.), 
the  author  deduced  the  principles  of  thermodynamics,  and  various  properties 
of  elastic  fluids,  from  the  hypothesis  of  molecular  vortices,  under  certain 
special  suppositious  as  to  the  figure  and  arrangement  of  the  vortices,  and 
as  to  the  properties  of  the  matter  which  moves  in  them.  In  subsequent 
papers,  he  showed  how  the  hypothesis  might  be  simplified,  by  dispensing 
with  some  of  the  special  suppositions.  In  the  present  paper  he  makes 
further  progress  in  the  same  direction,  and  shows  how  the  general  equation 
of  thermodynamics,  and  other  propositions,  are  deduced  from  the  hypothesis 
of  molecular  vortices  when  freed  from  all  special  suppositions  as  to  the 
figure  and  arrangement  of  the  vortices,  and  the  properties  of  the  matter 
that  moves  in  them,  and  reduced  simply  to  the  following  form:  that 
thermometries  heat  consists  in  a  motion  of  the  particles  of  bodies  in  circulat- 
ing streams,  with  a  velocity  either  constant  or  fluctuating  periodically.  This, 
of  course,  implies  that  the  forces  acting  amongst  those  particles  are  capable 
of  transmitting  that  motion. 

The  principal  conclusions  arrived  at  are  the  following  : — 

1.  In  a  substance  in  which  the  action  of  the  vortices  is  isotropic,  the 
intensity  of  the  centrifugal  pressure  per  unit  of  urea  is  two-thirds  of  the 
energy  due  to  the  steady  circulation  in  an  unit  of  volume.  The  centri- 
fugal pressure  is  the  pressure  exerted  by  the  substance  in  the  perfectly 
gaseous  state. 

2.  *  If  there  be  substances  in  which  the  action  of  the  vortices  is  not 
isotropic,  then  in  such  substances  the  proportion  already  stated  applies  to 
the  mean  of  the  intensities  of  the  centrifugal  pressures  in  any  three  ortho- 
gonal directions. 

3.  *  The  proportion  which  the  whole  energy  of  the  vortice-,  including  that 
of  the  periodic  disturbance,  bears  to  the  energy  of  the  steady  circulation 
alone,  may  bo  constant  or  variable. 

4.  Absolute  temperature  is  proportional  to  the  energy  of  the  steady  cir- 
cnlation  in  unity  of  muss,  mid  CO  the  specific  volume  in  the  perfectly 
gaseOUS  state. 

5.  Iii  substances  which  pre  nearly  in  the  perfectly  gaseous  state,  experi- 
ment shows  the  proporti  in  in  which  tho  whole  energy  exceeds  thai  or  tlm 

adj  circulation  to  be  sensibly  constant;  and  its  value  may  he  found  by 
computing  in  what  proportion  the  dynamical  value  of  the  specific  bent  si 
i  instant  volume  exceeds  cu.ee  and  a  ball  the  qw  ttenf  funnel  by  dividing  the 
product  of  the  pressure  and  volume  by  the  absolute  temperature.  *The 
following  are  examples: — air,  1*684  j  nitrogen,  1*630;  oxygon,  1*667; 
en,  l  'ii  i ;  steam-gas,  ~i"i  12, 

8.  The  known  general  equation  of  thermodynamic!  is  deduced  from  the 
hypothesis  of  moli  calar  vortici  s,  *  frei  d  from  the  special  rap]  ositions  made 
in  the  paper  of  1849     ■•  I. 

The  dj  «  '■  inclusions  obtained  in  the  pr<  sen!  paper  are  marked  *.     I 
not  so  marked  were  arrived  at  in  the  paper  of  1849 — 50. 

[The  general  equation  of  thermodynamics  is  hi  re  si  tied  fore  intenicnce  ; 
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let  dQ  be  the  thermal  energy  which  must  be  given  to  unity  of  mass  of  a 
given  substance,  in  order  to  produce  a  given  indefinitely  small  change  in 
its  temperature  and  dimensions:  then — 

dQ   =  t  d  ■  <P  ; 

in  which  t  is  the  absolute  temperature,  and  >/'  the  thermodynamic  function. 
The  value  of  the  function  is — 


$  =  Jc  hyplog  t  x  x  (t)  x 


dU 

dT 


Jc  being  the  dynamical  value  of  the  real  specific  best ;  TJ,  the  potential 
energy  of  the  elasticity  of  the  body  at  constant  temperature ;  and  x  (T),  a 
function  of  the  absolute  temperature,  which  is  null  or  inappreciable  in  a 
substance  capable,  at  that  temperature,  of  approximating  indefinitely  to 
the  perfectly  gaseous  state,  and  is  included  in  the  formula,  in  order  to 
provide  for  the  possibility,  suggested  by  Clausius,  that  there  may  be  sub- 
stances which  have  not  that  property  at  all  temperatures]. 


NOTES  AND  NOVELTIES. 


MISCELLANEOUS. 

Nitbo-Glyceeine  —  One  of  the  last  Acts  of  Parliament,  rendered  necessary  by  the 
recent  fearful  accident,  was  passed  to  prohibit,  for  a  limited  period,  the  importation  and 
to  restrict  and  regulate  the  carriage  of  nitro-glycerine.  Save  as  mentioned,  no  person, 
after  the  passing  of  the  Act,  is  to  bring  iDto  any  port  or  harbour  of  the  United  Kingdom, 
or  ship  or  unship  on,  from,  or  near  the  coast  of  and  part  of  the  United  Kingdom,  any 
nitro-glycerine.  By  acting  in  contravention  to  the  provisions  the  party  is  to  be  guilty  of 
a  misdemeanour,  and  liable  to  be  imprisoned,  with  or  without  hard  labour,  for  one  year, 
and  all  nitro-glycerine  brought  into  any  port  is  to  be  forfeited.  New  regulations  are  to 
be  made  as  to  the  manufacture,  sale,  and  carriage  of  nitro-glycerine,  and  notice  of  nitro- 
glycerine is  to  be  given  aud  search  permitted  for  the  article: 

Abolition-  or  Patents  for  Inventions  in  the  Netherlands. — A  law  has  been 
made  cancelling  the  old  patent  law  of  1817;  and  though  all  existing  patents  remain 
in  force,  no  new  ones  are  to  be  any  more  granted  from  aud  after  the  1st  day  of  August. 
1869.  ° 

The  Cohahuila  (Mexico)  Meteoric  Ikons  op  1868.— Mr.  J.  Lawrence  Smith.— It 
appears  that  the  region  of  Mexico  bordering  on  Texas  has  been  most  profusely  furnished 
with  these  celestial  visitors ;  six  masses,  weighing,  respectively,  290,  430,  433,  550,  and 
654 lbs.,  have  been  brought  to  the  United  States.  They  are  irregular  compact  masses, 
■without  any  evidence  of  stony  minerals ;  they  belong  to  the  softer  irons,  not  difficult  to 
cut  with  a  saw.  A  sample  taken  from  one  only  of  these  masses  has  been  asyet  submitted 
to  research.  Specific  gravity,  7'692.  It  contains,  in  100  parts :— Iron,  92-95 ;  nickel,  6G2 : 
cobalt,  0"48 ;  phosphorus,  0'02 ;  copper,  a  very  minute  quantity. 

Advices  have  been  received  that  the  Ariel  and  Lahloo  tea  ships,  left  Foo-chow  on 
July  2nd,  and  the  Leander  and  Thermopylae  on  the  following  day.  The  latter  two  vessels 
are  the  favourites  in  China  for  the  annual  "  tea  race." 

A  Huge  Steam  Hammer.— One  of  the  largest,  if  not  the  largest,  steam-hammer  ever 
made  is  now  being  constructed  by  Messrs.  Thwaites  and  Garbutt,  of  Bradford,  for  the 
Russian  Government,  and  is  intended  to  be  used  in  the  forging  of  steel  guns.  The  total 
weight  of  the  machine  when  erected  will  be  close  upon  1,000  tons,  the  anvil  block  will 
weigh  500  tons,  the  other  castings  belonging  to  the  hammer  about  300  tons,  and  the  tup 
42  tons. 

Drainage  op  Bromley,  Kent. — The  inquiry  into  the  vexed  question  of  the  Bromley 
drainage,  held  before  two  Government  commissioners — viz.,  Mr.  Michael,  barrister,  and 
Mr.  Harrison,  civil  engineer— is  adjourned  until  October  next.  The  scheme  of  the  Board 
of  Works  to  convey  the  sewage  to  Holloway  Farm  for  irrigation  was  opposed  by  Mr. 
Boyd,  whose  park  is  near  the  outfal ;  also  by  Major  Foster.  Mr.  Coles  Child,  whose 
mansion  and  estate  are  close  by  Bromley,  visited  Ealing,  and  was  so  well  pleased  with 
what  he  saw  there  that  he  offered  to  take  Bromley  sewage  on  to  his  land,  to  be  dealt  with 
as  at  Ealing,  the  receiving  tanks  to  be  within  2,000ft.  of  his  residence,  the  effluent  water 
to  be  spread  over  the  field  adjoining.  The  ratepayers  were  stated  to  be  much  in  favour  of 
the  Ealing  system. 

It  has  been  said  that  a  little  carbolic  acid  dissolved  in  the  water  which  is  used  to  moisten 
a  whetstone,  or  a  grindstone,  will  greatly  increase  the  friction,  and  thus  promote  the 
action  of  the  stone  upon  the  steel  instrument.  If  this  be  true,  and  there  be  no  unfore- 
seen drawback,  carbolic  acid  will  prove  invaluable  to  ail  who  have  to  sharpen  tools  or 
grind  metallic  surfaces. 

Very  Durable  Cement  eor  Iron  and  Stone.— M.  Pollack,  of  Bantzen,  Saxony 
states  that,  for  a  period  of  several  years,  he  has  used,  as  a  cement  to  fasten  stone  to  stone 
and  iron  to  iron,  a  paste  made  of  pure  oxide  of  lead,  litharge,  and  glycerine  in  a  concen- 
trated state.  This  mixture  hardens  rapidly,  is  insoluble  iu  acids  (unless  quite  concentrated) 
and  is  not  affected  by  heat.  M.  Pollack  has  used  it  to  fasten  the  different  portions  of  a 
fly  wheel  with  great  success;  while  when  placed  between  stones  and  once  hardened.it 
is  easier  to  break  the  stone  than  the  joint. 

NAVAL  ENGINEERING. 

New  Ironclads— The  following  armour-clad  ships  are  now  under  construction  for 
the  Admiralty,  either  at  the  Royal  dockyards  or  private  shipbuildingjestablishments. 
They  are  said  to  be  in  such  a  forward  state  that  they  will  be  completed  during  the  present 
or  early  m  the  ensuing  year:— The  Sultan,  12,  5,226  tons,  1,200  horse-power,  and  the 
Glatton,  2,  2,709  tons,  500  horse  power,  double  screw  turret-ship,  building  at  Chatham 
dockyard ;  the  Iron  Duke,  14,  3,774  tons,  800  horse  power,  double  screw  building  at  Pern 
broke  dockyard;  the  Swiftsure,  14,  3,893  tons,  800  horse  power,  and  the  Triumph,  14 
3,893  tons,  i:00  horse  power,  building  by  the  Palmer  Shipbuilding  Company  at  Jarrow- 
upon-Tyne ;  the  Hotspur,  2,  2,637  tons,  600  horse  power,  armour-plated  ram,  building  at 
the  yard  of  Messrs.  Napier  and  Sons,  Glasgow;  and  the  Vanguard,  14,  3,774  tons,  800 


horse  power,  building  by  Messrs.  Laird  Brothers,  Birkenhead.  In  addition  to  the  above 
the  Abyssinia,  4, 1,854  tons,  200  horse  power,  and  the  Magdula,  4,  2,107  tons,  250  horse 
power,  double  screw  iron  armour-plated  turret  ships,  arc  building  for  the  defence  of 
Bombay,  the  former  by  Messrs.  Dudgeon  at  Poplar,  and  the  latter  by  the  Thames  Iron 
Shipbuilding  Company  at  lilackwall.  As  soon  as  one  of  the  building  slips  becomes 
-acant  at  Chatham  dockyard  a  new  armour-plated  ram,  to  be  named  the  Rupert,  of 
3,159  tons  and  700  horse  power,  is  to  be  commenced  at  that  establishment.  A  new 
armour-plated  turret  ship,  the  Devastation,  of  4,406  tons  and  800  horse  power,  from  the 
designs  of  Mr.  E.J.  Reed,  C.B.,  has  been  recently  commenced  at  Portsmouth  dockyard. 

The  Journal  du  Havre  says: — "A  gunboat  lately  constructed  at  St.  Denis  by  the 
Emperor's  orders,  having  been  armed  here  with  a  cannon  of  twenty-four  centimetres 
(9|in.)  calibre,  has  jnst  gone  through  a  series  of  experiments  between  this  port  and 
Honfleur.  The  vessel  supported  easily  a  discharge  which  carried  a  ball  of  23Slbs.  weight 
a  distance  of  8,000  kilometres  (five  miles).    Her  draught  is  only  3ft.  3iin." 

MILITARY  ENGINEERING. 

A  "Yankee  Notion." — A  man  in  Adair  county,  Iowa,  has  invented  a  cannon  which  he 
believes  will  send  a  ball  fourteen  miles.  The  peculiarity  is  in  t>-e  ball  itself,  which  is  in 
seven  sections,  with  six  fuses.  The  powder  of  the  cannon  sends  the  ball  humr.'iing  two 
miles  from  the  muzzle,  lighting  fuse,  No.  1,  which  burns  to  the  powder  in  the  ball  in  the 
time  the  ball  travels  two  miles,  when  an  explosion  takes  place  which  sends  the  ball  two 
miles  further,  where  fuse  No.  2  does  its  duty,  and  propels  the  ball  two  miles  further,  and 
so  on  to  the  end  of  the  fuses  and  the  fourteen  miles. 

RAILWAYS. 

Value  of  the  Pacific  Railroad  Lands. — The  value  of  the  land  subsidies  to  tha 
Overland  Railroad  is  worth  much  more  on  the  Central  than  on  the  Union  portion  of  the 
route.  The  latter,  deducting  the  worthless  portion,  have  about  6,500,000  acres,  from 
which  they  will  probably  realize,  their  maximum  price  of  2.50dols.  per  acre,  realizing  in 
gross,  16,250,000dols.  The  Union  Company,  although  they  have  built  the  greater  number 
of  miles  of  the  read,  and  have  alarger  area  of  land,  will  not  be  able  to  realize  from  more 
than  one-quarter  of  the  same— say  2,200,000  acres ;  which  at  2.50dols.  will  yield  them 
only  5,500,000dols. 

Cost  on  Sleeping  Cars. — The  charge  for  sleeping  cars  on  the  Central  Pacific  is 
5dols  extra  for  each  half  section  including  two  seats  and  a  bed  for  two,  from  Sacramento 
to  Promontory  Point ;  or  lOdols.  for  seats  and  beds  for  four.  The  cost  of  passage  ticket 
to  the  same  point  is  50dols. — all  in  gold.  The  first  "  Pullman"  sleeping  and  dining  car 
arrived  at  Sacramento  on  Thursday  evening  June  10th. 

The  Sutherland  Railway. — The  works  on  the  line  of  railway  between  Golspie  and 
Helmsdale  are  being  rapidly  proceeded  with,  a  great  part  of  the  earthworks  being  com- 
pleted. A  heavy  cutting  has  to  be  made  between  Golspie  Station  to  a  short  distance 
north  of  Dunrobin,  a  distance  of  about  two  miles,  with  a  gradient  of  1  in  60,  which  has 
been  commenced.  There  is  also  to  be  a  bridge  over  the  burn  of  Dunrobin,  a  height  of 
seventy  or  eighty  feet,  with  six  or  seven  culverts.  The  line  runs  nearly  in  a  straight  line 
from  Golspie  Station  to  the  Dunrobin  Saw-Mills,  passing  between  them  and  the  road, 
and  crossing  the  present  road  a  little  to  the  north.  The  present  road,  however,  is  to  be 
shifted  nearer  the  Castle,  and  will  then  form  nearly  a  straight  line  between  the  two 
lodges.  This  cutting  will  be  very  expensive,  but  owing  to  the  peculiar  circumstances 
under  which  the  works  are  carried  on,  it  will  be  perhaps  the  cheapest  line  ever  con- 
structed. Commonly  railway  lines  are  made  by  one  contractor,  who  almost  invariably 
realises  a  large  profit ;  butin  the  present  ease,  there  are  only  a  few  small  contracts  given. 
The  larger  part  of  the  work  is  carried  on  by  His  Grace  the  Duke  of  Sutherland,  under 
the  superintendence  of  experienced  men,  and  it  is  believed  that  the  result  will  prove 
highly  satisfactory  in  an  economical  point  of  view. 

Steam  Engines. — The  value  of  the  exports  of  steam  engines  made  from  the  United 
Kingdom  has  somewhat  revived  this  year,  having  amounted,  to  May  31,  to  £645,771,  as 
compared  with  £569,953  in  the  corresponding  period  of  1868,  and  £778,038  in  the  corres- 
ponding period  of  1867.  The  value  of  the  steam  engines — probably  for  the  most  part 
locomotives — sent  to  Russia  has  largely  increased  this  year;  on  the  other  hand,  there  has 
been  a  rather  material  decrease  in  the  case  of  British  India. 

The  report  of  the  Brazilian  Street  Railway  Company  (limited)  presented  on  the  30th 
ult.,  stated^that  the  first  six  months'  working  since  the  line  was  taken  over  by  the  com- 
pany had  exceeded  that  of  the  first  half  of  1868  by  nearly  a  third,  and  proposes  a  dividend 
at  the  rate  of  10  per  cent.,  leaving  £747  to  be  carried  forward.  The  actual  profit  was  at 
the  rate  of  14  per  cent,  per  annum,  and  would  have  been  18  per  cent,  but  for  the  depres- 
sion in  the  rate  of  exchange,  consequent  on  the  Paraguayan  war.  An  extension  of  two 
and  a  half  miles,  which  can  be  effected  for  £10,000  within  a  few  months,  was  strongly 
recommended,  and  it  was  proposed  to  issue  new  shares  to  the  amonnt.of  £20,000  for  that 
and  other  purposes. 

LAUNCHES. 

On  the  21st  ult.,  there  was  launched  from  Mr.  John  Elder's  Fairfield  shipbuilding 
yard,  Govan,  an  iron  paddle-wheel  steamer,  of  1,125  tons  burden,  and  250  horse-power 
nominal.    She  is  named  the  Zee  Nanking,  and  is  intended  for  the  China  trade. 

Launch  op  an  Inman  Liner. — The  steamship  City  of  Brussels,  the  most  recent  addi- 
tion to  the  celebrated  Inman  line  of  Atlantic  steamers,  was  lately  launched  from  the 
building-yard  of  Messrs.  Tod  &  Macgregor,  at  Partick.  The  dimensions  of  the  vessel 
are :— Length  over  all,  406ft. ;  beam,  40ft. ;  depth,  28ft.  6in.  Her  tonnage  is  3,000,  and 
her  engines  (constructed  on  the  horizontal  trunk  principle)  are  of  600  nominal  horse 
power,  capabie  of  indicating  3,300  horse  power.  Like  the  Great  Eastern,  she  has  steam- 
steering  gear,  in  addition  to  the  ordinary  machinery,  for  controlling  her  course. 
Accommodation  is  provided  for  200  first  and  600  second  and  third  class  passen- 
gers. 

DOCKS,  HARBOURS,  BRIDGES. 

A  New  Canal. — Monsieur  Lesseps  proposes  to  cut  throught  the  Isthmus  of  Corinth, 
which  will  shorten  the  journey  from  Marseilles  to  Constantinople  by  fourteen  hours,  and 
that  from  Trieste  to  the  same  town  by  twenty  hours.  The  length  of  the  canal  would  be 
two  miles  and  a-hall,and  the  expense,  if  commenced  next  spring,  only  12,000,000f.,  as  a 
large  number  of  the  workmen  now  employed  on  the  greater  works  at  Suez  could  be  trans- 
ported at  a  trifling  cost  to'  the  scene  of  the  contemplated  undertaking. 

The  New  Bridge  at  Sai.tburn-by-the-Sea.— This  bridge,  which  spans  the  well-known 
Skelton  beck  glen,  is  just  finisned.  The  whole  of  the  ponderous  girders,  Soft,  in  length, 
are  now  fixed,  and  the  roadway  laid.  The  bridge  is  800ft.  iu  length,  there  being  seven 
spans  and  eight  east-iron  piers  ;  the  highest  point  is  160ft.  and  the  width  U  25ft.  The 
contractors  are  Hopkins,  Gilkes,  &  Co.,  of  Middlesbrough  who  have  had  Mr  .Charles 
Willman,  C.E.  as  chief  sunerintendent. 
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The  Malta  Times  of  the  19th  of  August  contains  the  following :— "  Letters  from  Alex- 
andria (Egypt)  dated  14th  inst.  state  that  the  Xile  continues  steadily  to  rise,  and  it  is 
expected  thai,  the  navigation  of  the  canal  will  in  a  few  days  be  opened  for  large  boats, 
when  abundant  supplies  of  produce  may  be  looked  for.  About  the  growing  crop  of 
cotton  it  i~  as  yet  too  early  in  the  season  to  form  any  opinion  of  any  value  :  but  it  may 
be  mentioned  that  the  rising  of  the  Xile  is  satisfactory,  and  tb,at  the  cotton  plants  thus 
far  look  strong  and  healthy.  The  export  of  cotton  from  the  1st  of  October  last  to  the 
13th  of  August  was  217,536  bales.  Freights  by  steamer  to  Liverpool  Id.  to  f  d.  per  pound 
and  20s.  to  ios.  per  40  cubic  feet  for  steam  pressed  bales;  for  grain  5s.  9d.  per  460  lb. 
By  sailing  vessels  5s.  3d.  to  5s.  6d.  per  4801b.  for  grain  ;  29s.  to  30s.  per  ton  for  cotton 
seed  to  the  United  Kingdom.     Exchange  on  London  P.,  961  to  96J  per  £1  sterling." 

TELEGRAPHIC    ENGINEERING. 

Telegraphy  m  the  West  Ixdies.— A  short  time  ago  the  junction  of  Cuba  with  the 
mainla  A  of  the  North  American  continent  suggested  the  extension  of  the  lines  to  others 
of  the  West  India  Islands.  Gradually  assuming  greater  magnitude,  the  scheme  now 
comprises  the  construction  of  cables  from  Cuba  to  Panama  through  Jamaica,  from 
Jamaica  to  Porto  Pico  and  St.  Thomas,  thence  through  the  chain  of  the  West  India 
Islands  to  Georgetown,  Xew  Amsterdam,  and  Surinam,  on  the  South  American  con- 
tinent. A  link  from  St.  Thomas  to  Bermuda  will  bring  the  new  cables  into  direct  con- 
nection with  the  Atlantic  Cable  which  it  is  proposed  to  lay  from  the  south  of  Spain 
through  the  Azores  and  Bermuda  to  Richmond,  in  the  United  States.  Negotiations  are 
in  progress  for  the  extension  of  telegraphic  communication  with  Peru,  Chili,  and  the 
Argentine  Confederation,  and  the  Brazilian  Government  has  resolved  on  continuing  the 
lines  from  Surinam  round  the  coast  to  Rio  Janeiro,  so  that  communication  will  be  thus 
effected  between  the  new  system  and  the  lines  completed  or  in  course  of  construction 
from  Rio  to  Monte  Video,  Buenos  Ayres,  and  Valparaiso. 

ACCIDENTS. 

Terrible  Explosion  of  Xitro-Gltcerike.— A  letter  from  Rio  Janeiro  says  that 
owing  to  the  bad  reputation  of  nitro-glycerine,  a  small  quantity  in  the  military  arsenal 
there  was  ordered  to  be  thrown  into  the  bay.  Six  10-lb.,  cans  were  put  into  a  boat,  and 
taken  out  250  yards.  The  first  one  thrown  out  exploded  on  striking  the  water,  and  the 
concussion  set  off  the  others.  The  boat  was  blown  to  pieces,  and  all  the  crew — seven 
persons— killed. 

Accident  on  the  Baeoda  Railway— Eleven  Persons  Killed. — We  regret  to  learn 
that  a  ;rrir,u«  ac<  ident  occurred  on  the  Bombay,  Baroda,  and  Central  India  Railway  on 
the  j^rli  July,  near  a  place  called  Etola,  about  10  miles  south  of  Baroda.  The  through 
passenger  (rain  from  Ahmedabad  to  Bombay  ran  into  a  bullock  which  had  strayed  upon 
the  line,  the  result  being  that  several  carriages  were  overturned,  two-storeyed  second- 
class  carringes  smashed,  eleven  passengers  killed,  and  seven  injured — one  seriously.  What 
a  commentary  is  this  on  the  following  passage  from  Colonel  Strachey's  report  on  railway 
India  during  1868,  which  has  just  been  published.  Colonel  Strachey,  it  may 
■■rotary  to  the  Government  of  India,  in  the  Pubic  Works  Depart- 
ment. He  says  ; — "  The  fencing  on  these  lines  requires  attention.  It  is  known  to  have 
been  deliberately  neglected  on  the  Bombay,  Baroda,  and  Central  India  Railway." 

MINES,  METALLURGY,  &c 

A  new  copper  mine  has  been  discovered  in  South  Australia,  between  Port  Augusta, 
and  the  Blindman.  Some  rich  specimens  of  carbonates  and  oxides  have  been  taken  from 
the  surface  of  the  ground,  and  a  splendid  lode,  of  immense  width,  is  reported  to  be  trace- 
able for  several  hundred  yards-  The  finder,  Mr.  Thomas  Flctt,  has  been  offered  £4,000 
for  his  discovery. 

A  new  auriferous  strata  baa  been  discovered  in  that  part  of  Siberia  traversed  by  the 
affluents  of  the  Angara,  at  a  distance  of  about  250  miles  from  Tenisseisk. 

APPLIED  CHEMISTRY. 

M.  I  I  in  has  patented  an  improvment  in  refining  metals.    Instead  of  leading 

the  raponrs  and  gs  .-wl  during  the  process  simply  into  water,  he  Introduces  fine 

wrought  Iron  -I. nviugs  into  tbt  chambers  rot  their  reception  and  condensation.  He  also 
brings  them  ii  contact  with  a  Jet  of  steam  situated  Id  the  line  of  draught.  Under  the 
lined  action  of  the  steam  and  iron,  tin-  rapours  of  the  sulphuric  and  sulphurous 
add  an  di-composcdand  sulphnti'  of  iron  is  formed  which  passes  ofrln  a  state  of  solution. 
lli.-  res.  Won  -..ill  be  the  same  whatever  metal  may  be  substituted  for  the  iron,  although 
the  product  may  be  different,  that  is  if  the  metal  can  he  attacked  by  sulphuric 
acid. 

Si  1. 1 1-  >  -ii  Staimii  raoM  Sweet  Potatoes.—  M.  II.  Barton  presented,  at  a  meeting  of 
the  Franklin  in  tltute,  samples  of  aagarand  itarch,  and  the  following  analysis  made  In 
Vnvi  i  if  North  Carolina  weet  potatoes  (per  cent) ;    Sugar,  10'BO 

larch,  sua,  1*17;   gum.  Ac., 0'88 ;  water,  8200.     By  the  use  of  powerful 

presses,  90  per  cenl  of  th  too  potato  can  be  obtained  In  julco :  the  den  Ityof 

this  juice  i    !'■    Boaum  These  potatoes,  the  author  says,  will  yield  i;is 

m gar  and  Sporcenl  of  starch;  but  by  improved  culture,  as  evidenced  In 
Europe  In  il  beef  root,  this  quantity  may  be  largely  increased. 

Tinmv.     i  tin    Moi  t  Wat.— Dr.   Ilillicr  —It  is  a  well-known  fact   that,  when  i(   is 

ially  brass  or  ooppor,  with  a  slrongly-adhcrint;  ooati ' 

tin,  thl  boiling  the  articles  to  bo  thus  coaled  with  an  nqm laid, 

towhl  i  eroam  of  tartar,  crystallised  protoch'orldo  of  tin,  and  some  lumps  of 

tin.     The  anthor  stab     that,  instead  of  this  mixture,  he  un 

lutl f  1  pari  of  protocnlorldo  of  tin  In   10  pari    of  water,  to  which 

ho  n  ilution  of  'i  parts  ol  tut  mixture 

bid, but  this  tl  •  m,  which  Is         ed  bj  heating 

me.  to  place  in  the 
itcd  block-tin  plate,  and  to   Hrupths  fluid  during  [ho  I 
with  H  rod  of  tine. 

'<  .      Till       M   UK  I     I  ■    .         II     I 

t  of  the  resident  Ooi 
iti  rl  eoncsrnli  i 

r,  mm.  Major,    iloen  , and  8  harlec,  found  tha 

.  red,  and  blue,  contain,  n   pcctlvelj     water,  16*14,  18*83,  and 

i  i  ;  protein  compounds,  n  '  It,  fat. 

■  I*  per  cent ;  ash,  respectively— 0*22,  «:>2,  uml  0  ''I 

bar  nut. 


LATEST   PRICES   IN   THE  LONDON  METAL   MARKET. 


COPPER. 

Best  selected,  per  ton    

Tough  cake  and  tile  do 

Sheathing  and  sheets  do 

Bolts  do 

Bottoms  do 

Old  (exchange)  do 

Burra  Burra  do 

Wire,  per  lh 

Tubes  do 


BRASS. 

Sheets,  per  lb 

Wire  do 

Tubes  do 

Yellow  metal  sheath  do.    .. 
Sheets  do 


SPELTER. 
Foreign  on  the  spot,  per  ton 
Do.  to  arrive  


ZINC. 
In  sheets,  per  ton  

TIN. 

English  blocks,  per  ton 

Do.  bars  (in  barrels)  do.    .. 

Do.  refined  do 

Banca do 

Straits  do 


TIN    PLATES.* 

IC.  charcoal,  1st  quality,  per  box 

IX.  do.  1st  quality  do 

IC.  do.  2nd  quality  do 

IX.  do.  2nd  quality  do 

IC.  Coke  do 

IX.  do.  do 

Canada  plates,  per  ton 

Do.  at  works  do 


IRON. 

Bars,  Welsh,  in  London,  per  ton    .. 

Do.  to  arrive  do 

Nail  rods  do 

Stafford  in  London  do 

Bars  do.  do. 

Hoops  do.  do 

Sheets,  single,  do 

Pig  No.  1  in  Wales  do 

Refined  metal  do 

Bars,  common,  do 

Do.  mrcli.  Tyne  or  Tees  do 

Do.  railway,  in   Wales,  do 

Do.  Swedish  in  London  do 

To  arrive  do 

Pig  No.  1  in  Clyde  do 

Do.  f.o.b.  Tyne  or  Tees  do 

Do.  No.  3  and  4  f.o.b.  do 

It  nil  way  chairs  do 

Do.  Gpikcs  do 

Indian  charcoal  pig  in  London  do. 

STEEL. 

Swedish  in  kegs  (rolled),  per  ton 

Do.  (hammered)  do 

Do.  in  fnggots  do 

English  spring  do 

ii.vkk,  per  bottle 

LEAD. 
English  piir,  common,  per  ton 

Ditto,  LB.  do 

D...  W.1S.  do 

I)",  sheet, do 

Do.  ml  lead   do 

Do.  whits  do 

Do.  patent  shot  do 

Spanish  do 


From 


£ 

s. 

d. 

£ 

s. 

d. 

76 

0 

0 

74 

0 

0 

79 

0 

0 

80 

0 

0 

77 

0 

0 

,, 

81 

0 

0 

83 

0 

0 

65 

0 

0 

78 

0 

0 

i3 

0 

1 

0 

0 

1 

o* 
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0 

Hi 

0 

1 

0 

0 

0 

9 

J) 

0 

0 

8i 

0 

0 

8* 

0 

0 

104 

9J 

it 

114 

0 

0 

7 

„ 

}t 

0 

0 

6J 

0 

0 

6i 

20 

15 

0 

20 

15 

0 

„ 

SJ 

„ 

2G       0       0 


123 
124 
131 
135 
130 

1 
1 
1 
1 
1 
1 
13 
12 

6 
6 
7 
7 
7 
8 
9 
3 
4 
6 
6 
7 
9 

10 
2 
2 
2 
5 

II 
C> 


14 
6 

12 
2 
8 

10 

10 


15 

15 
2 

10 
7 
0 
0 

15 
0 
0 

10 
5 

17 
0 

L2 
9 
6 

10 
0 
0 


To 


26  10   0 


7 
8 
8 
9 
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4 
5 
6 

7 
10 


10 

16 

8 

14 

4 
10 


0 
0 
15 
0 
5 
0 
5 

10 
0 


7 
15 

0 
10 


11. 

15 

0 

15 

5 

0 

15 

15 

0 

10 

0 

0 

19 

0 

0 

23 

0 

0 

6 

17 

0 

'• 
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19 
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0 

19 

10 

0 
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20 

10 

II 
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,, 

,, 
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15 
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II 
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0 
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11 

22 

in 
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.. 

is 

10 

0 

,. 

„ 
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[September  1,  1S09. 


LIST  OF  APPLICATIONS  FOR  LETTERS 
PATENT. 

w>  have  adoptrd  a  nbw  arranormr^t  op 
thr  Provisional  PMotections  applied  for 
by  Invfntors  at  thk  Grrat  Sp.al  Patent 
Office.  If  ant  difficulty  should  arise 
with  rrfbrkn'cr  to  thk  namks,  addresses, 
or  titles  oivkn  iv  the  list,  thk  requi- 
site information  will  be  furnished,  free 
of  biprnse,pri>m  the  office.  bv  addressing 
*  letter,  prepaid,  to  thk  editor  of 
"Thb  Artizan." 

Dated  July  20th,  1869, 

2194  A.   StncsfeM  — Apparatus   for   propelling  on 
land,  fcc. 

2195  S.  Hall— Attifici  .1  fuel 

2196  J.  H.  Johneon--l)veing 

2197  H.  Higginsaud   T.  S.  Whirworth-Piepanng 
cotton 

2198  G.  Finnegan  —  Sawing  wood 

2199  J.  Ellison— Rope.  &c. 

2200  H.  B  Clark— Horse  rakes 

Oatkd  July  Slat.  1S69. 

2201  J.    W.   Lmmuth — Connecting    together  the 
ends  of  hoops* 

2202  J.  Duke— Ship-* 

2203  J.  Ogd«n— Combined   Up  and  filter  foi  water, 
&c. 

2204  W.  R.  Lake— Marline  spikes 

2205  W.  Brookes— Spinning  corded  wool 

2206  G.    Foliett  -  Waterproof   facing-    for     brick 
b"ildintr8 

2207  G    H.  Ellis— Rotnryensrinea 

2208  A.  H.  Brandon— Springs  Applicable  to  railroad 
cars 

2209  G.  Allibon  and  A.  Maubie— Improvements  in 
steam  boilers 

2210  J.  Bovd  — Winding*  varn 

2211  A.  C.  Kirk -Abstracting  heat 
2221  J.  H.  Jobueon— Extract  from  hops 

2213  H.  E    Newton— Brad  driver 

2214  M.  Tildeslev— Tit-s,  Stc. 

2215  A.  M.Clark'— Carding  engines 

2216  F.  M.  Mole— Match*  ts 

2217  H.  Knijrlit— Clipping-  horses 

2218  G.  T.  Abbey— Firearms 

Dated  July  22nd,  1869. 

2219  J.  Dawson  and  T.  C.  Fawcett—  Improvements 
in  raising-  gigs 

2220  W.  Currie-  Heels  of  hoots 

2221  W.  H.  G<  sling— Sewing  machines 
22-I2  J.  Rowley— Coal  tar  products 

2224  J.  Gret-u— Ropes,  &c. 

2225  W.  Warren-Anchors 

2226  W.  Bull— Velocipedes 

2227  W.  A.  Gilbee— Preserving  the   ar  matic  prin- 
ciple of  hops 

2528  W.  Dennis— letterboxes 

2229  W.  K    Stock— Looms 

2230  J.  Walsh— Hoodi*  foriuvalid  pernmbulator  and 
other  vehicles 

2231  J.  G   Wilpon— Veloripedes 

2232  R.  Boyd  — Boilers,  Jtc. 

223i  T    B.rnes— Treatment  of  coal 

2234  J    Howard— Combs 

2235  W.  R.  Lake— TVlegraph  wire  insulators 

2236  W.  Lsing — Wat  hi  n:  machines  j 

Dated  July  23rd,  1869. 

2237  W.  Morris — Points  or  switches  for  tramways 

2238  W.  Lincolne  at,d   E.   Chafer— Manufacture  of 

artificial  marble 

2239  E.  Stevens— Cooking,  &c. 

2240  J.  H.  Johnson— Joints  of  pipes 

2241  J.  H.Johnsou— Purifying  alcohol 

2242  G.    T.  Bousfield— Harness  motion   for  power 
looms 

2243  S.  Bishop— Lamps 

2244  S.  Cotton— Hackling  flax 

2245  W.  Mort— Refrigeiating  apparatus 

Dated  July  24tb,  18:9. 
224G  I.  Frankenburg  and  S.  Phillips— Manufacture 
of  hats 

2247  H.  Greaves — Permanent  w.iy  of  railways  and 
tramways 

2248  W.  "Dredge  and   A.   Steiu  — Propelling   car- 
triages 

2249  R.  Pictet— Pumps,  &c. 

2250  J.  Dewe— Mail  bags 

2251  C.  L.  Caldesi— Collars,  &c. 

2252  G.N.  Blaue— Mortising  timber 

2253  R.  G.  Lowndes  and  J.  Reid — Manufacture  of 
textile  fabrics 

2254  T.  Aucbincloss-Heating  feed  water 

2255  C.Y.  Michieand  G.  W.  Murray- Pillars  or 
standaids,  &c. 

2256  W.  Tongue— Furnaces 

2257  D.  H.  Brandon— Metallic  cartridges 

Dated  July  26th,  1869. 

225S  W.  Crossley  and  J.  \V.  Swithenbauk— Shut- 
tles 
2259  T.  Winter— Combing  reeds 

2260  J.  Holding— Looms 

2261  J.  G.  Rollins— Combined  reaping  and  mowing 
machines 

2262  J.  Hyde  and  J,  Hyde— Safety  lamp  for  pre- 
venting explosions 

2263  E.  A  ttenboroogb— Looped  fabrics 

2264  B.  Hunt- Valves 

2265  C.  Cochrane  —  Preparation  of  iron  ores  for 
smelting- 

2266  W.  W.  Roberts— Furniture  s 
2*67  E.  Giuder— Firearms                      « 
2268  W.  E,  Tillev— Coaiiugirou 


22GD  J.  H.  Johnson—  Treatmtut   of  uight   soil   and 
other  waste  piodiirts 

2270  R   Sljivw- and  R.  La'*in— Improvements  iu  card- 
ing engines 

Datrd  July  27th,  1869. 

2271  J.  Miller — Mirm-rs  compass 

2272  C    Hendersou-G.rders 

2273  M.J.  Frifbie— Carriage  axles 

2274  J.  Winshtp — Preparation  of  mendicaments  for 
external  nnd  internal  use 

2275  I.  Barker — Coffered  spades 

2276  T  Parsons- Engine   to  be  used  in   measuring 
water.  &c. 

2277  D.  T.  Bostel— Enrth  closets 

2278  J.  Winrile— Rolling  hoors 

2279  W    R.  Lake-She  ring  a.-itnals 
22b0  A.M.  Clark-Refiuing  sugar 

Dated  July 23th,  1869. 

2281  W.  A.  T.yttle—  Electro  telegraphic  apparatus 

22c2  1).  A.  Fyte— Manufacture,  of  paper 

2283  H.    Gillan    and    G.    Crawford— Spinning     oi 

twining  tobacco 
7284  F.  Cms«l«y-  Preventing  inet»ls  from  rusting 
2285  A.  V.  Newroo — Grinding  knives 
22bG  A.  Burdess — Winding  up  watches 

Dated  July  29th,  1869. 

22i*7  H.  A.Bonnevi'.le-Loms 

2288  H.A.  BonneviHe-WeHviu»  looms 

22S9  H.S.  Hevman—  Waste   of  flax   converted  into 

substitutes  for  cotton 
2290  A.  Smith  and  D.  Cunningham— Refining  crude 

mineral  oils 
2491  J.  Tate— Scutching  flax 

2292  D.  R,  Kilpi.trick-SpringB 

2293  W.  E    Gedge— Lubric«tiug 
2494  T.  F.  Taylor— Metal  tubes 

Dated  July  30th,  18G9. 
2295  J.S.  Kipping— Fixing  colours 
229li  T.  W.  Lockyei— Ladies'  bustles 

2297  W.  R.  Lake— Block  ca'eudars 

Dated  July  3lst,  1869. 

2298  G,  Allibon— Steam  engines 

2299  A.  Patene,  F   Bardoui,  and   G.   Ju.ie— Repro- 
ducing wood 

23C0  J.  B.  B.  Pint  hou-Condensir.fr  Bteam 

2301  C.  Watts  and  T.  Watts— Indicating  stations  to 
passengers 

2302  D.  Stewart— Apparatus    for    concreting  sugar 
cane  juice 

2303  F.  Jackson— Improvements    in    lubricators  for 

2304  J.  M.  Clements— Improvements  in  sewing  ma- 
chines 

2305  C    N.    Eyland— Improvements    in    buckles  fur 
nitidis  of  dress 

2300  B.  Godd.ird  nndlVV.Finley— Mixingjsubstances 
for  pills 

2307  J.  C.  Milus  and  J.    S.indiford— Piua.fpirr.s,    or 
bobbins     | 

2308  H.  S.  Edwards— Gearing    for    auxiliary    steam 

2309  T.  Ramsay— Improvements  in  the  manufacture 
of  gas 

2310  J.    Beckett— Self    acting   breaks  for    railway 
carriages 

2311  W.  R.  Lake— Improvements  in   direct  acting 
engines 

Dated  August  2nd,  1869. 

2312  S.  M    Smith—  D>  emg  certain  textile  fabrics 

2313  P.  R.  Hi.dge— Manufacture    of  luminous  and 
heating  gas 

2314  J.  Shanocks— Engines,  &c. 
231-5  L.  W.  Wright— Caddie  wheels 

2316  W.  Hosack— Extracting  saccharine  juice  from 
eus-ar  cane 

2317  F.  A   Yeo- Machinery  for  manufacture  of  ar. 
tificial  fuel 

2318  M.   Henry — Ventilating   mines,  drains,  and 
other  places 

Dated  August  3rd,  1869. 


2319  J.  Piuchbeck-Gas 

2320  H.    Turner — Expansive  condensing  steam  eu- 
gines 

2341  C.   D-    Abel — Converting    reciprocatirg     into 
rotary  motion 

2322  E.    Beanes— 1'iocess   for    reworking  wrcugbt 
iron 

2323  A.  Luuden— Taps  used  for  drawing  off  water, 
fee. 

2324  T.  Grace— Stoppering  bottles 

2325  W.  E    Gedge— Currycomb 

2326  C.  Tuer,  R   Howaith,  and  J.  Pimbley— Polish 
ing  threads 

2327  J.  T.  Way — Manufacture  of  mauures  and  pu 
rification  of  gas 

2328  J.  T.  Way — Manufacture  of  soap  nnd  cleansing 
wool 

2329  J.  Bapty  and  A.   Hall— Mechanism   for   spin 
ning  wool 

2330  1.    Davies — Improvements  Jin   rotary   gas   ex- 
hausters 

Dated  August  4ih,  1869. 

2331  T.  Livesey  and  T.  Abbott-Mode    of  boring 

2332  E.    H.   de  Budmer— A  new  kind   of  carriage 
wheels 

2333  F.  C.   Coluey — Mechanism  for    propulsiou  cf 
vehicles 

2334  G.    Broadhurst  —  "Waterproof  coats,     capea, 
Sic'. 

2335  G.    S.    Hazlehurst— Communication     between 
passengers.guard,  &c. 

2336  J.  Booth  and  R.    W.  Worrell— Improved  tex- 
tile fabric 

2337  W.   T.   Riimsbill— Construction  of  heels   for 
boots 

2338  G.C.  Ramsey- Circular  boxes 


2339  J.  Taylor-Device    for    Lalanciug    toilet    aud 
other  glasses 

Dated  August  5th  1869. 

2340  A.  Tylor— Rejrulati upland  ndjua  ing  standards 

2341  J.  Bice  null  R.   Bond-Self  acting  temples  for 
loons 

2344  \V.    Bt  own— Machinery    for  rolling  rails  aud 
trirriers 

2343  G.  W.  Murray  andG.  M.  Garrard— Ploughing 

2314  J.    U.    Fairbairn— Improvements  in    the    con- 
struction of  velocipedes 

2345  E.  Ueaues — Improvements  tn    preserving  arti- 
cles of  food 

2346  B  J.  B.    Mills-Meters  for    measuring  liquids 
and  gas  a 

Ditec  August  6tb,  1369. 

V347  E.  Cocking— Easy  chairs,  ftc 

2348  E.  Rthoux— Life  preaerviug  dress 

2349  J.  Garde  and  A.  Gatdu— Improved   ventilating 
hat 

2350  B.  Hunt— Numbering  register 

2351  W,  B  Rust— Pottfoho   for  the  preservation  of 
letters 

2352  C.    J.    Chubb  — Boring    holes    in    coal,  hard 
ground,  &c 

2353  T    Leach— Composition  for    coating   the    bot- 
toms or  iron  ships 

2354  W.  R. Like— Devices  for  holding  the  chimneys 
of  nas  burners 

2355  W.    R.    Lake — Improvements    io    expanding 
drills 

Dated  August  7ih,  1869. 

2356  W.  Tongue — Machinery  for  generating  elastic 
vapours 

2357  E.  W.  Hawea— Btio  s,  Sec. 

2358  W.  Manwaring— Harvesting  maihioes 

2359  D.    Kidge— Eccentric    lever    polygouul    boring 
brace 

2360  G.  Nickeraon- Apparatus    for  raising  straw, 
Stc. 

2301  W.  Guest— Pieparing  cotton  arid  other  fibrous 

m  .tetjals 
1362  H   Bi-Hudreth—  Arrangement  and   construc'ion 

of  CUlt-r,  &C. 

2363  I.    Brown— Impiovements  in  irrigating  land, 

2364  W.  E.  Newton— Proce.s  for  purifying  or  dis 
infecting  alcohol 

2365  J.  Mitchell  — Quilts 

2366  A.  B.  Ibbotdou — Join's    for  securiug    together 
railway  rails 

2307  W.  R  Lake— Machine  forsowiug  andcoveriug 

seed 
23ii8  W.  R.  Like— Mochiuery    for    combing   fibrous 

materials 

2369  J    T.  Greenfield— Life  buoys 

2370  G.  Ritchie — Tents   and    sunshades  or  weather 
protectors 

2371  A.  C.  F.  Franklin— Lubricating    apparatus  for 
scieiv  propeller 

Dated  August  9th,  1869 

2372  G    Rastnll— Velocipedes 

2373  J.  Quinton — lobuceo  pouch 

2J74  S.  Oaborn— Knives    for  icapiu*-  aad   mowing 
machines 

2375  J.  Staniar,  S.  Dawson,  and  E.   Davies— Dress- 
ing grain,  &c." 

2376  J.  Fi-oggatt — Picners  emph-yed   in  the  process 
of  weaving 

23(7  J.  H.  Johnson  — Manufactuie  of  felted  fabrics, 

&c. 
2378  C.  F.  Brooman-Meaus  for  earning  or  storing 

23,9  A.  Turner— Utilising     waste  strips     of    india 

rubber 
238u  H.  U'imshnrst — Improvements  in  marine  pro* 

•  ellers 

2381  G.  F.  Ansell — Improvements  in  the  manufac- 
ture of  iron 

2382  W.  R.  Lake— Improved  apparatus  for  adding 
numbers '/^|   "; 

Dated  August  10th,  18r9. 

2383  E.  A.  CuMey— Effective  application  of  recipro- 


ugr 


■  pon 


2^84  R.      Longdou — Refrigerators     for    preserving 

food 
2385  T.  Hancox — Rolling  metallic  axles  for  wheels, 

&c. 
23Sb'  C.  Lockman — Sewing    cloth,  an   improvement 

on  sewing  machines,  &c. 
2387  E.    T.    Hughes— Construction    of   rock  boring 

michiuerv 
2383  C.  W.'Zenger,  C.  L.  Strube,  and  L.  Merlett— 

Globular  cylinder   manometer  with  double  capil- 
lary lock 
23^-9    S.    Hutchinson— Machinery  for    striking  out 

leathee 

2390  J.  E.  Holmes— Cut;ing  stone 

2391  T.  S.  Ill  air— Improvements  iu  the  manufacture 
of  iron 

2392  T.  S.  Blair— Treatment  of  conglomerates  of 
cast  iron 

23yj  J.  Cnddick— Candlesticks 

2394  F.  Mnxi-t— Match  box  candlestick 

2395  S.  J.  Wood  house— Purifying1  aud  regulating 
the  supply  of  gas 

.2396  W.  Wright—  Knobs,  &&, 
*3y7  H.Bes  erne  —Fusion  of  metals 

2393  CD.  Walton— Waterpioofii-g  fabrics 

2399  A.  H.  Brandon-Cartridges 

Dated  August  11th,  1369. 

2400  J.Tenwick— Lubricntore 

2401  A.  B.  Brown — Hydraulic  printing  or  copying 
preeees 

54U2  J.  B.  Austin— producing  and  npplying  black, 
&c,  patterns  of  needlework,  ou  vellum,  cloth,  Stc. 

403  C.  Ciossley  and  R  Whipp— Manufacture  of 
size 

2404  J.  Cross— Dry  soap  for  washing.  &c 


2405  G.  White— Pipes  for  smoking  tobacco 

••"0b  F.  I)      Needham— Apparatus    to  be  applied  to 

•  asks  or  othervessels  containing  liquid,  to  preserve 

the  liquid  while  on  draught 

2407  J.  Mayer— Improvements  in  hoop  skirts 

2408  A.  M.  Clark— Improvements  in  the  manufac- 
ture or  phosphate  of  ammonia 

_409  J.  H.  JohuBon — Improvements  in  tne  manu- 
facture of  iron  and  steel 

Dated  August  12th,  1869 

2410  J  F.  E.  Martin— Improved  construction  of 
submarine  nnd  other  tunneiB 

2411  W.  Davis— Stamping,  cru3hiLg,  and  grinding 
ores,  and  such  like  suhatances 

2412  J.  Parriah — Improvements  in  the  construction 
of  skips,  hampers,  and  i  ther  bnskets 

2413  1).  Barker—  Implements  in  the  manufacture 
of  artificial  fuel 

2414  XVi  E  Newton— Improvements  in  centrifugal 
pumps 

2415  J-  Ueaa  aud  C.  Rapier— Lifting  j  »cks  for  lifting 
railway  tails  . 

2416  W.  R.  Like— Improvements  iu  machinery  for 
charging  gua  retorts 

Dated  August  I3th#  18F9 

2417  H  Hudson— Apparatus  for  effecting  commu- 
nication between  rail  wa»  passengers,  guards,  and 
engine  drivers 

2418  DA.  Gibbs— Covering  the  sides  and  bottoms 
of  shipe  Hnd  vessels 

2419  E.  J.  Grabham—  Plaiting  or  folding  textile 
fabrics,  ike. 

2120  C  E.  Broomar— Treating  the  waste  of  wool, 
silk,  horn,  &c  ,  to  be  used  as  manure 

2421  E-J.  Hill— Signalling  apparatus 

2422  T.  Beckwith — Reaping  aud   mowing  machines 

2423  I.  E.  Woolf-Casters 

2424  J  .  Cowan — Soap 

2425  J.  Lewis— Extmcting  copper  from  its  ores 
242H  J.  Hampron— Velocip^ces 

2427  W.  Richards— Breech  loading  fire-auns 

,  Dated  August  14th,  1369. 

2428  T.  Sagar— Looms  for  weaving 

2429  J.  Kei.yon— Coiicumiuir  fuel 

2430  L.  D    Newell— Preventing  sea  sickness   » 

2431  W.  Matt— Imitation  of  marble 

2432  H.  T.  Yates— Production  of  cops  and  spoles 

2433  T.  Coad-Sewiag  maohiues 

2434  S.  Smiih — Cominen  roau  can  iages 

'2435  E.  H    C  Mouckton — Harvesting  aud  preserving 

2436  J.  B.  Rushbrook— Hurdle 

2437  G.  Ash— Artificial  teeth 

Datrd  August  16th,  18 '9. 

2438  T.Ward  and  W.  S.  Black— Twsiting  tobacco 

2439  J    Mitchell— Improvement  in  kilns 

2440  H.  Pinkus— Furnaces 

2441  J.  BIyde— Scissors  or  apparatus  forgathering 
flowers  and  truit 

2442  H.  Duplund-  System  of  coatings  againstdamp. 
ness  and  saltpetie 

2-143  J.G.  Dale  and   E.  Milner— Producing    white 

pigments  from  lead 
24i4  G    Suuderlaud  and     R.  J.  Midgley— Spinning 

aud  doubliu^  or  twisting   woisted,  silk,  or  other 

fibrous  dietancis 
2415  H.A    Bouueville— Charging    and  discharging 

fuel  in  gas  retorts 
244b"  H.  H.  Trenor — Automatic  passenger  register 
2447  S.  Harvey— Indicating  eiguals 
24(8  F.  Hansomt — Artificial  stone 

2449  J.  Lbwsou  and  E.  G.  Fitton— Spinning  flax, 
hemp,  jute,  and  tow 

Dated  August  17th,  18C9. 

2450  T.  J.  Lei eh- Furnaces 

2451  R.  H.  Charsley — Improved  carriage  for  loco- 
motion by  manual  labour 

2452  H.  B.  Barlow— Dressing  or  preparing  hides 

2453  J.  Eastwood  — Churning  milk 

2454  B.  Huut— Spinning  yarns  of  flax.  &c 

2455  J.  Williams— Maps 

2456  M.  H.  Jncobi — Galvanoplastic  process  for 
depositing  iron 

2457  R.  F.  Fairlie— Improvements  in  locomotive 
engines  aud  carriages 

2458  J.  H.  Johnson— Manufacture  of  iron 

2459  W.  R.  Like— Pruholders 

2460  W.  K  Like— Machine  for  raakiug  sewing 
needles 


2461  J. 

2462  J 

2463  J. 
24fl4  J. 

2465  E. 

2466  A. 
2167  T. 

2468  E. 

2469  R. 
boilei 

2470  J. 

2471  G, 
2i72  J. 
247: 
2474  H 


Dated  August  18th,  1869. 

Checketts— Window  blind 
Jenkins— Lining  the  interior  of  casks  7j 

Prato  and  F.  P.dacco— 'Charcoal  filters 
Mackenzie — Machinery  for  sowing  seeds 

T.  Hus/hes— Boots  and  shoes 

Biowu— Ground  or  ettrth  screws 

Parkmson — Adnvssiou  of  air  to  furnaces 

T   Hughes— Looms  for  weaving 

F.    Fairlie — Injectors    for   feeding    steam 
■s  with  water 
I>ewis— Spring. sackiegs 

Melealf—  Furnaces 
Watson — Presses 
Mitchell — Fortfiu-r,  &c. 
,  Wh:teside— Turret  clocls 


Dated  August  19tb,l369. 


2475  M.  Wilson -Bird  cages 

2476  J.sJ.  E.  Mayall— Motive  tower 

2477  W.  Campion— Sewing  machines 

2478  A.  Gilchrist— Slide  valves 

2479  H.  N.  Moyou  and    J.  E.   Lemercier— Coverings 
for  the  feet 

2180  W.N.  Hutchinsm— Locomotive  e  gir.es 

2481  J    Blakey— Utilising  waste  leather 

2482  F.  Braby— Caustic  smmonia 

2483  W.  Jones— Sewing  machines 

2484  S.  Robinson— Glasshouses 

2485  J.    J oues— Electro    magnetism    as    a     motive 
power 

2486  W.  R.  Like— Screw  propellers 
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UMPHERSTOX'S  GOVERNOR  CUT-OFF  GEAR  FOR  STEAM 

ENGINES. 

(Illustrated  by  Plate  353.) 

We  have  lately  drawn  the  attention  of  our  readers  to  several  different 
forms  of  steam  engine  governors,  which  have  had  for  their  object 
the  more  perfect  regulation  of  the  speed  of  the  engine.  In  the  case  of  the 
governor  designed  by  Mr.  Umpherston,  and  illustrated  by  Plate  3">3,  the 
•object  sought  to  be  obtained,  is  not  only  perfect  regularity  of  speed  but  also 
economy  of  steam,  by  adapting  the  governor  to  work  a  peculiar  description 
of  cut-off  gear. 

The  following  description  of  this  governor  was  read  before  the  Institution 
•of  Engineers  in  Scotland  : — 

Steam  engine  governors  and  throttle  valves  to  regulate  the  supply  of 
steam  so  as  to  maintain  an  uniform  speed,  have  received  much  attention 
from  engineers,  and  throttle  valves  can  be  constructed  and  worked  by  the 
common  governor  so  as  to  maintain  a  very  uniform  speed  under  ordinary 
•circumstances. 

The  effect  of  a  throttle  valve  is  to  reduce  tho  pressuro  of  the  steam  upon 
the  piston  less  or  niore,except  when  the  engine  goes  too  slow,  in  which  case 
only  tho  full  pressure  of  stoam  is  allowed  to  act  upon  tho  piston ;  the  loss 
•of  pressure  at  other  timos  by  "wire-drawing  "  the  steam  is  a  loss  of  power 
worth  consideration. 

Several  methods  are  at  work  for  admitting  at  all  times  the  full  prossure 
of  the  stoam  upon  tho  piston,  tho  quantity  admitted  being  regulated  by  the 
governor  so  as  to  maintain  an  uniform  speed  under  a  varying  burdon  ;  but 
none  of  these  are  yet  in  general  use. 

Tho  arrangement  now  to  bo  described  is  a  simplo  and  efficient  method  of 
maintaining,  without  a  throttlo  valve,  an  almost  perfectly  uniform  speed 
howover  variable  tho  burdon  on  the  engino  may  bo ;  while  at  the  same 
time  the  stoam  may  be  worked  at  any  degree  of  expansion. 

This  arrangement  may  also  bo  attachod  to  any  common  sort  of  ongine 
without  alteration  of  its  valvo  gear.  To  rogulato  tho  supply  of  stoam,  an 
auxiliary  cut-off  valvo  is  uiiod,  which  should  bo  placed  as  closo  as  possible 
to  the  slido  valvo.  Tho  sort  of  cut-off  valve  proforrod  is  an  equilibrium 
valvo  tho  same  as  now  of  ton  used  for  a  throttlo  valvo.  The  discs  do  not  shut 
stoam  tight  against  seats,  but  simultaneously  as  thoy  pass  into  tho  short 
cylinders.  Sufficiont  travel  is  givon  to  thia  valve,  so  that  it  may  movo  as 
long  after  shutting  as  it  movos  whilo  open. 

This  valvo  must  open  and  shut  twice  for  oach  revolution  of  tho  crank 
shaft,  and  may  rocoive  its  motion  from  a  small  occontric  upon  tho  governor 
spindlo,  if  the  governor  bo  goarod  to  make  two  revolutions  for  each  revolu- 
tion of  tho  crank  shaft  ;  or  tho  doublo  action  of  tho  valvo  may  bo  obtained 
in  any  other  more  convoniont  way. 

This  valvo  may  bo  sot  to  shut  in  advanco  of  the  slide  valvo,  at  somo 
point  of  the  stroko  corresponding  to  tho  average  burdon  upon  tho  ongine, 
and  so  long  as  tho  burdon  and  s|>ocd  do  not  vary,  this  valvo  will  continuo 
inconstant  action;  but  by  its  connection  with  1 1  »•  ■>  governor  its  action  is 
stopped,  leaving  the  valvo  shut  for  an  instant,  whon  tho  spood  Increases  ; 
and  is  stoppod,  leaving  it  opon,  when  tho  spood  is  roducod  or  continues  slow. 

Ono  arrangoment  is  shown  on  Pinto  3.1.1,  Fig.  1,  to  illustrato  how  this 
action  of  the  cut-off  valve  dad  by  the  governor, 

The  valvo  receives  Its  opening  motion  from  tho  eccentric,  A,  which  makes 
two  revolutions  for  each  revolution  of  tho  crank  shaft,  and  giros  n  constant 
motion  to  tho  lovor  B,  and  so  long  as  tho  catches  at  0  aro  in  contact,  tho 
•valvo   will  continuo  to  bo  rogularly  oponod    by  tho   lovor,    I  J,   and  shut    by 


its  weight  or  by  a  spring  or  weight,  if  necessary.  Tho  lovor,  D,  carrying 
the  two  under  catches,  is  connected  with  the  governor  by  tho  rod,  E,  and 
the  lever,  F.  Tho  upward  and  downward  movomonts  of  tho  governor 
give  downward  and  upward  movements  to  this  lovor,  D.  The  downward 
movement  of  this  lever,  D,  disengages  the  catchos  at  C,  and  tho  cut-off 
valve  is  thus  left  shut  until  tho  governor  resumes  its  propor  speod.  The 
upward  movement  of  this  lover  boyond  its  middle  position,  brings  tho 
second  catchos  at  G  into  contact,  tho  upper  one  of  which  is  jointed  upon  a 
fixed  pin,  and  so  adjusted  to  tho  other  that  it  rises  when  the  undor  ono 
presses  against  it ;  and,  when  tho  under  ono  has  roaehod  tho  ond  of  its 
travel,  and  passed  the  upper  ono  a  little,  the  latter  will  fall  and  prevent 
the  movemont  of  the  other,  so  long  as  tho  governor  continues  to  keep  tho 
lovor  D  above  its  middlo  position  ;  and  whilo  in  this  position,  tho  cut-off 
valvo  will  remain  open  and  stoam  will  thus  bo  allowod  to  flow  into  tho 
cylinder,  so  long  as  the  slide  valvo  will  permit.  Tho  quantity  of  stoam  thus 
admitted  being  greater  than  when  tho  cut-off  valve  is  in  action,  will 
incroaso  tho  spoed  of  the  ongine  or  onablo  it  to  ovorcome  some  additional 
burdon  at  a  reduced  spoed  ;  but  as  soon  as  tho  govornor  can  rognin  its  right 
speod,  the  catches  at  G  will  be  disongaged,  and  tho  catches  at  C  will  again 
come  into  action  as  beforo. 

The  resistance  which  tho  govornor  has  to  overcome  in  working  those 
catchos  is  very  small,  and  thus  it  is  more  easily  affected  by  any  slight 
variation  of  speod.  The  range  of  action  upwards  or  downwards  on  tho 
governor,  requirod  to  work  those  catchos,  is  very  little,  and  thus  tho 
slightest  incroaso  or  docroaso  of  spood  will  instantly  suspend  the  action  of 
tho  cut-oft  valvo,  loaving  it  ontirely  shut,  or  fully  opon;  and  this  maximum 
variation  in  tho  quantity  of  stoam  admitted  produces  an  iustautanoous  and 
imperceptible  corroction  of  tho  speod. 

By  using  a  cut-off  valvo  of  tho  kind  doscribod,  tho  power  roquired  to 
work  it  is  vory  little  indeod.  All  tho  working  parts  of  this  arrangoment 
may  be  light,  and  can  be  easily  adjustod  and  kept  in  good  working  01 

This  cut-off  gear  is  now  working  satisfactorily  upon  somo  largo  ougiuos, 
and  tho  accompanying  diagrams,  Figs.  L'  and  .'«,  show  its  action  upon  two  ol 
these.  Ono  is  a  high-pressure  engine  working  against  aback  pressure  of 
stoam  ;  its  cylinder  is  H7in.  diameter,  and  the  stroke  tjft. — tho  othor  is  a 
condensing  engino  with  a  4()in.  cylinder  and  6ft.  stroke,  worked  by  stoam, 
which  is  supplied1  to  it  at  a  vory  low  pressure.  Tho  middlo  lino  in  both 
diagrams  shows  tho  action  of  tho  stoam  whon  out  off  by  the  auxiliary 
valvo  ;  tho  uppor  lino  shows  tho  offoct  whou  the  cut-off  valvo  is  kepi  0]  M 
and  the  steam  is  admitted  until  out  ofl  by  the  slid.'  reive  j  and  tho  under 
lino  shows  tho  effect  when  the  onl  ofl  valvo  is  kepi  shut. 

If  tho  burdon  and  stoam  pressure  be  nearly  steady,  the  point  ol  oul 
may  be  adjusted  so  near  to  the  average  burdon,  thai  the  out-ofl  ralrewUl 
only  miss  its  notion  u in  tou  or  twenty  revolutions  of  the  engine. 

[1  tho  burdon  bo  suddenly  increased  or  wholly  thrown  off,  the  maximum 
or  minimum  quantity  of  steam  Is  as  suddenly  supplied,  and  any  variation 

in  the  speed  is  only  peroeptible  by  the  small  foment  of  tha  govomor 

required  to  work  the  oatches, 

Be  Ides  the  many  cases  in  which  this  gCOT  mny  ho  applied  with  ndvnn' 

to  land  engines  It  may  also  be  advantageously  applied  to  marine  oner 
working  screw  propellers,  when  the  oonstruotlon  ol  tho  engines  wfll  id 
of  a  cut-off  volve  being  Introduc  jMaftut  and  too  steam 

pipo. 

No  special  construction  of  governoi  workingtii 

<'oar  and  nnv  other  construction  ol  out.  ifl  ralro  whloh  may  bo  found  n 
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suitable,  under  special  circumstances,  may  be  used  and  -worked  by  a  similar 
arrangement  to  the  one  now  described. 

In  applying  this  cut-off  gear  to  old  engines,  the  advantage  of  working 
the  steam  expansively  can  only  be  partially  obtained,  as  such  engines  are 
usually  so  burdened  in  proportion  to  the  size  of  the  cylinder,  that  even 
although  the  initial  steam  pressure  might  be  somewhat  increased,  yet  the 
quantity  required  to  overcome  the  burden,  is  more  than  can  be  used  econo- 
mically in  so  small  a  cylinder. 

In  proportioning  a  new  engine,  this  cut-off  gear  may  be  arranged  to  cut 
off  at  a  very  early  part  of  the  stroke,  and  with  very  little  space  for  steam 
between  the  cut-off  valve  and  the  slide  valve. 

Plate  353  shows  the  arrangement  of  valves  which  has  been  applied  to  a 
new  horizontal  engine  with  the  valve  on  the  side  of  the  cylinder. 


THE  TOWER  SUBWAY. 

This  remarkably  successful  piece  of  engineering  is  fast  approaching  com- 
pletion, just  at  the  time  when  the  old  Thames  Tunnel  has  been  closed  for 
general  traffic.  Unlike  its  predecessor,  the  new  tunnel  has  been  made  at  a 
very  small  outlay,  and  consequently  promises  to  be  not  merely  an  engineer- 
ing but  also  a  commercial  success.  This  subway  was  begun  on  the  16th  of 
last  February  (singularly  enough  the  45th  anniversary  of  the  day  of  com- 
mencing the  old  Thames  Tunnel),  and  is  expected  to  be  open  for  public 
traffic  in  November  next.  Thus  it  will  have  taken  only  nine  months  to 
complete  instead  of  12  years,  and  its  cost  will  be  less  than  £16,000,  as  com- 
pared with  about  £450,000.  Mr.  Barlow's  new  tunnel  is  simply  a  circular 
iron  tube,  seven  feet  in  diameter,  taken  deep  under  the  river  and  in  London 
clay,  which  is  itself  impervious  to  water.  Whatever  the  differences  between 
the  two  tunnels,  that  which  is  now  nearly  finished  must  always  be  re- 
garded as  an  engineering  marvel,  for  the  strength  and  simplicity  of  the 
structure  and  the  cheapness  and  rapidity  of  its  construction.  That  other 
such  under-stream  bridges  will  soon  follow  upon  the  success  of  this  we  have 
not  the  least  doubt;  but  with  Mr.  Barlow,  senior,  must  always  remain  the 
credit  of  originating  the  idea,  and  with  Mr.  Barlow,  jun.,  the  present  engi- 
neer of  the  tunnel,  the  merit  of  having  carried  it  out  without  the  slightest 
hitch  or  accident,  and,  with  the  aid  of  Mr.  Greathead,  the  contractor, 
entirely  within  the  estimated  cost. 

The  site  of  the  works  of  the  new  Thames  Tunnel  on  Tower-hill  does  not 
attract  much  notice  from  passers  by.  It  is  a  little  hoarded  space  about 
the  size  of  an  ordinary  kitchen,  with  a  small  steam  crane  in  the  centre— 
and  this  is  all.  No  doubt  the  company  would  have  liked  more,  but  they 
could  not  afford  it.  This  portion  of  Tower-hill  is  Crown  land,  and  either 
the  Government  did  not  choose  to  encourage  a  tunnel  which  was  not  much 
believed  in  at  first,  or  thought  that  the  indulgence  in  sucli  a  luxury 
ought  to  be  well  paid  for — at  all  events,  they  charged  the  company 
for  a  piece  of  ground  about  10  feet  square  for  their  shaft,  a  price  which  was 
at  the  rate  of  about  £150,000  an  acre,  with  a  further  fine  of  about  £10  a 
yard  for  tunnelling  under  Government  ground,  and  £3  a  yard  for  tunnelling 
under  the  bed  of  the  river  on  their  side.  In  fact,  the  Government  alto- 
gether take  about  one-tenth  of  the  very  modest  capital  subscribed  for  the 
whole  enterprise.  The  Board  of  Works  on  the  south  side  of  the  river, 
where  the  station  is  to  come  out,  near  Tooley-street,  have  been  more  just, 
or,  rather,  not  so  rapacious,  for  they  have  only  charged  only  about  £200 
for  the  site  of  the  shaft.  Inside  the  hoarding  on  Tower-hill  is  a  circular 
iron  shaft,  ten  feet  in  diameter  and  60  feet  deep.  The  upper  part  of  the 
shaft  is  lined  with  rings  of  cast  iron,  the  lower  part  with  ordinary  brick- 
work, which  will  hereafter  be  coated  with  glazed  tiles  so  as  to  throw  a  light 
to  the  bottom  of  the  shaft.  The  tube  or  tunnel  has  very  much  the  ap- 
pearance of  one  of  the  large  clean  main  drainage  sewers,  except  that  it  is 
built  of  iron  and  has  a  greater  incline,  viz.,  about  1  in  40.  The  tunnel  is 
designed  on  a  plan  to  keep  it  always  well  in  the  London  clay,  and  thus 
from  the  north  to  the  south  shores  it  makes  a  dip  to  pass  under  the  greatest 
depth  of  water  of  the  river.  At  its  nearest  point  to  the  river  water  it  has 
a  thickness  of  not  less  than  22ft.  of  London  clay  between  the  bed  of  the 
river  and  the  top  of  the  tube,  while  at  its  furthest  point  it  has  a  thickness 
of  not  less  than  32  feet.  In  spite  of  this  thickness  of  clay,  however, 
which  is  of  all  others  the  worst  conductor  of  sound,  a  person  can  hear  the 
regular  beat  of  the  steamers  passing  up  and  down  the  water  overhead. 
The  recent  explosion  of  a  steamboat  near  Tower  Wharf  was  not  only  heard 
but  even  felt  in  all  parts  of  the  tunnel. 

The  way  the  tube  tunnel  is  built  is  by  means  of  three  segments  of  a 
circle  of  cast-iron,  each  weighing  4cwt.,  with  a  centre  key-piece  at  the  top, 
weighing  lewt.      Each  segment   or  ring   when   bolted  together  is  only 


18  inches  long,  but  no  fewer  than  six  of  these  rings  are  bolted  on  in  every 
24  hours,  so  the  tunnel  is  advancing  at  the  rate  of  nine  feet  a  day.  As 
the  shield,  which  is  7ft.  3in.  in  diameter,  is  pushed  on  for  a  length  of  18in. 
it  leaves  within  its  tube  or  rim  a  space  one  inch  greater  all  round  than 
that  occupied  by  its  own  tube  on  the  outside.  This,  therefore,  leaves 
ample  room  to  fit  in  the  segments  of  the  tunnel  tube  easily.  This  is  done 
very  rapidly.  The  bottom  segment  is  laid  in  its  place,  and  the  two  side 
segments  above  it  and  between  these  at  the  top  the  key-piece  is  slid  in. 
Between  the  long  horizontal  flanges  a  layer  of  white  pine  is  placed  before 
they  are  screwed  close  up.  The  spaces  between  the  circular  flanges  of  each 
segment  are  regularly  caulked  in  with  tow  and  cement.  Still,  the  shield  or 
cap  is  one  inch  wider  all  round  than  the  diameter  of  the  tunnel  tube  within 
it  which  comes  afterwards  to  occupy  it,  leaving  an  opening  of  that  space 
between  the  clay  and  the  iron.  This  interstice,  when  the  segment  ring  is 
fixed,  is  closed  by  pumping  in  blue  lias  cement,  which,  as  it  quickly  sets, 
forms  a  ring  of  stone  work,  preventing  the  action  of  the  water  on  the  iron 
tube.  The  tube  is  to  be  fitted  with  a  tramway  of  2ft.  6in.  gauge,  on  which 
is  to  run  a  light  iron  omnibus  of  lO-j-ft.  long,  5ft.  3in.  wide,  and  5ft.  llin. 
high.  This  will  accommodate  14  people  with  the  most  perfect  ease- 
Ordinary  lifts  will  take  them  down  and  up  the  shafts  at  either  end,  and  at 
the  end  of  the  shaft  the  "bus"  will  be  waiting.  For  the  first  hundred 
feet  or  so  the  omnibus  will  be  pulled  by  a  rope  fixed  to  a  stationary  engine  ; 
after  that  it  will  descend  by  its  own  velocity  down  the  incline  and  up  the 
incline  on  the  other  side  to  the  foot  of  the  shaft.  The' whole  transit,  in- 
cluding time  for  descent  and  ascent,  is  calculated  not  to  exceed  three 
minutes,  which,  with  a  working  day  of  16  hours,  and  allowing  for  the  omni- 
bus not  always  being  full,  would  give  about  5,000  to  6,000  passengers  a  day, 
who  at  the  rate  of  Id.  a  head  would  give  a  net  revenue  to  the  company  such 
as  ought  to  pay  an  immense  dividend  on  the  small  capital  of  the  company 
on  passengers  alone,  exclusive  of  the  charge  upon  parcels.  There  is,  how- 
ever, not  the  slightest  reason  why,  if  the  traffic  increases,  two  omnibuses 
should  not  be  run  together,  instead  of  one,  for  as  long  as  they  are 
together,  and  nothing  but  themselves  in  the  tunnel,  collision  becomes  a 
physical  impossibility. 


NEW  BLACKPRIARS  BRIDGE. 

This  bridge,  a  general  account  of  which  was  given  in  The  Abtizan  for 
last  June,  being  now  very  nearly  completed,  a  few  additional  remarks  may 
perhaps  be  of  interest. 

The  length  of  each  pier  is  about  110ft.,  their  width  at  water-level 
averaging  25ft.  at  base  and  20ft.  at  springing.  The  cutwaters  are  about 
130ft.  long.  In  every  pier,  at  the  level  of  the  springing  of  the  arch  above 
the  cutwater,  and  resting  upon  a  handsome  flowing  base  of  Portland  stone, 
are  massive  polishad  red  granite  columns  from  the  Isle  of  Mull.  Their 
average  height  is  lOlt.  6in.,  and  their  diameter  is  not  less  than  Tit- 
Formed  of  three  blocks,  each  block  weighing  from  10  to  14  tons,  these 
squat  pillars  are,  architecturally,  out  of  all  proportion.  The  Portland  stone 
capitals,  viewed  apart,  have  great  merit  of  design;  but  those  pieces  of 
sculpture  cannot  well  be  reconciled  with  the  dumpy  strength  of  the  gigantic 
red  colwmns.  The  slender  water-fowl,  the  very  emblems  of  ethereal  light- 
ness, interpose  their  fragile  forms  between  the  superincumbent  masonry  of 
which  they  are  the  immediate  support  andthe  sturdy  posts  that  seem  designed 
to  carry  the  weight  of  the  bridge  itself,  merely  uphold  the  semi-octagonal 
recesses  jutting  out  from  the  footways.  There  can  be  but  slight  question 
that,  on  the  cutwaters  of  a  bridge,  massive  pillars  like  these  are  misplaced. 
The  abutments  at  both  ends  of  the  bridge  rise  with  the  bold  solidity  of 
Egyptian  monuments;  and  their  broad  flat  tops  suggest,  if  indeed  they  do 
not  bespeak,  the  intention  to  crown  them  with  sculpture.  By  the  use  of 
iron  the  crown  of  the  bridge  is  lightened,  as  in  the  case  of  Westminster. 
The  outer  iron  spaudrils  of  the  arches  are  covered  at  the  intersections  of 
the  lattice  work  with  large  ornamental  bosses,  much  after  the  pattern  of 
the  heraldic  rose.  These  decorations  are  to  be  gilt;  and  the  whole  bridge 
will  be  rich  in  colour-contrasts;  for  the  ironwork  is  painted  a  rich  bronze 
green  that  shows  well  with  the  deep  red  of  the  grar.ite  columns,  and  with 
the  white  of  the  carved  stone.  Prom  the  inside  of  the  bridge  the  parapet 
seems  rather  low,  its  height  being  only  3ft.  6in. ;  but,  seen  from  the  river, 
it  has  a  good  bold,  lofty  appearance ;  an  effect  due  to  its  position  on  the 
summit  of  a  rich  cornice.  Prom  the  same  point  of  view,  the  towering 
abutments,  rising  to  a  height  of  nearly  60ft.  above  the  shore,  are  not  un- 
deserving of  the  epithet  grand. 

The  paving  of  the  bridge  is  being  admirably  executed,  in  accordance  with 
improved  methods.  Mallet's  buckle-plates  support  the  roadway  and  foot- 
paths. For  the  former  a  foundation  of  Kentish  rag  mixed  with  asphalte 
is  18in.  deep  upon  the  plates ;  and  the  footpath,  with  its  kerbs  and 
channels,  is  Guernsey  granite.  The  flags  of  the  footpaths  are  magnificent 
slabs  of  stone,  of  unusual  thickness.  The  lamps  will  stand  a  little  back 
from  the  kerb  stone,  and,  being  raised  to  a  very  gracelul  and  imposing 
elevation,  will  afford  light  to  the  navigation  of  the  river  as  well  as  to  the 
traffic  on  the  bridge. 
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SHAW'S  GUNPOWDER  PILE  DPJYER. 
We  illustrate  below  a  gunpowder  pile   driver,  which  is  now  attracting  a 
good  deal  of  attention  in  America,  where  it  has  had  a  very  successful  trial. 
The  machine  is  constructed  of  heavy  wood  framing,  as  in  the  ordinary  pile 


a  barrel  full  might  be  ignited  without  causing  any  report.  The  charges  of 
powder  are  exceedingly  small,  a  charge  of  one-third  of  an  ounce  boing  em- 
ployed to  throw  a  hammer  of  GTolbs,  weight,  and  is  stated  bv  the  Scientific 
American  (whence  this  description  is  taken)  that  it  exerts  a  force  on  the 


driving  machine,  and  provided  with  "a  cylinder  head  of  cast-iron  K,  resting    head  of  the  P^  equal  to  a  dead  weight  of  300,0001bs.  for  a  temporary  period 
FIC.I. 


on  the  top  of  the  pile  C,  and  guided 
by  the  iron  rails  N  :  the  cylinder  is 
bored  out  on  its  upper  end  for  the 
reception  of  a  plunger  S,  of  the 
hammer  H,  and  is  cast  concave  on  its 
lower  end  for  the  reception  of  the  pile 
C.  The  hammer  H  is  guided  by  the 
rails  N,  and  is  bored  on  its  upper  end 
for  the  reception  of  a  piston  I.  It  is 
cast  with  a  V-grooveforthe  reception 
of  a  friction  rod  M,  Fig.  2.  Tho 
piston  and  rod  I  are  connected  with  a 
cross  boam,  firmly  fixed  at  the  top  of 
the  frame,  whero  a  rope  pulley  P  is 
also  placed  for  the  convenience  of 
hoisting  tho  pilos  into  posttion.  The 
friction  rod  M  is  connected  with 
the  starting  lever  0,  and  also  with 
short  cast  iron  arms  pivoted  to  brackets 
L,  Figs.  1  and  2,  for  the  purpose  of 
pressing  tightly  against  the  V-groove 
in  tho  hammer,  as  shown  in  Fig.  2, 
whenever  tho  hammer  moves  in  a 
downward  direction.  A  ring  is  mado 
of  steel  and  scrowod  on  tho  end  of 
plunger  S  ;  this  ring,  though  of  solid 
steel,  expands  under  this  pressure, 
the  same  as  hydraulic  packing,  and 
makes  a  tight  and  durable  packing. 

Tho  machine  is  operated  and  con- 
trolled by  a  man  and  boy  ;  the  latter 
is  stationed  at  tho  rope  ladder  G,  and 
throws  a  cartridge  of  powder  into 
the  cylinder  K.  The  hammor  is 
allow.  by  the  man's  pressing 

upon  tho  lover  O,  which  elevates  and 
roloases  tho  friction  rod  from  tho 
hammer  and  causes  it  to  drop,  forcing 
it  .  plunger  into  the  cylinder,  com- 
pressing and  beating  tho  air  containod 
therein  sufficient  to  ignito  tho  powder, 
whenever  tho  plunger  comes  in  con- 
tact with  tho  powder.  Tho  oxplosion 
of  the  powdor  olovates  tho  hammor, 
and  tho  rocoil  of  tho  cylinder  forces 
the  pilo  into  the  ground.  When  tho 
cartridges  aro  thrown  at  tho  rato  of 
fifty  per  minute  tho  hammor  is 
operated  without  tho  uso  of  tho  lover, 
,oxcopt  when  desiring  to  co&so  opera- 
ting. 

The  object  of  the  air  cushion  at  the 
top,  formed  by  tho  boro  in  hammor 
ii  an  I  pial      I  prevent  a  hoavy 

charge  from  Injuring  the  machine. 

The  powder  employed  is  of  th"  most 
ile  character,  boing  composed  oi 
ono  nud  a-half  parte  ol   chlorate  ol 
pota  b  and  one  part    r'i    bitumi 
c  .-ii,    both     pu]  and    mixed 

through  an  ordin  I     •  jww- 

dor  bums  very  slowly  in  thoopou  all 


The  pressure  is  exerted  on  the  head  of  the  pile  during  the  presence  of  the 
plunger  in  the  cylinder;  this  gives  a  blow  and  pressuro  of  tho  character  of 
the  hydraulic  press  with  the  rapidity  of  the  hammer :  hence  tho  pile  can  bo 
driven  more  rapidly,  and  forcibly,  and  firmer,  without  in  any  way  injuring 
or  splintering  it,  as  in  the  common  mothod  of  driving.  The  usual  wrought 
iron  ring,  secured  to  the  head  of  tho  pile  preparatory  to  driving,  is  in  this 
method  entirely  dispensed  with,  and  it  is  ostimated  that  even  this  trifling 
advantage  will  nearly  pay  for  tho  powder  omployed. 

A  committee  of  engineers,  composed  of  W.  W.  Wood,  Chief  Engineor  of 
the  United  States  Navy  ;  H.  L.  Hoff,  of  the  Eagle  Ironworks,  Philadelphia; 
and  T.  J.  Lovegrove,  Inspector  of  Steam  Boilers,  Philadelphia,  appointed  to 
investigate  the  operation  of  this  invontion,  give  a  most  flattering  report, 
indorsing  fully  all  of  the  above  statements. 


PATENT  LAW. 

The  Bovill  Litigation. 

(Continued  from  page  200.) 

Since  this  history  was  commenced  the  policy  of  the  Patent  Laws  has  been 
the  subject  of  discussion  in  the  House  of  Commons,  in  the  Westminster 
Revieiv,  and  in  some  pamphlets.  We  believe  that  our  Patent  Law,  properly 
administered,  would  be  valuable  as  a  stimulus  to  invention  and  protection 
to  meiit.  As  it  has  been  administered  in  the  Court  of  Chancery  it  has 
been  a  hindrance  to  trade  and  afforded  a  premium  to  unscrupulous  pre- 
tenders to  bear  down  opposition  by  the  ruinous  cost  of  litigation.  I 
not  a  little  remarkable  that  the  patents  mentioned  by  Sir  Roundell  Palmer 
as  illustrations  of  the  mischief  of  patents  were  all  litigated  in  Ctam 
Sir  Roundell  considers  that  that  Court   lias  been  pr  0  :   I  ' 

law,  and  hiving  regard  to  the  results  exhibited   in    Hill's  Patent*  Young's 
Patent,  and  Bovill's  patent,  that  that  law  ought  to  1  d,     We  believe 

that  that  Court  did  not  proceed  according  to  law— at  least,  in  bhil 
that  if  the  patents  bad  been  litigated  at  law,  the  results  would  have  been 
widely  different — and  the  conclusion  we  should  advocate  would  be,  that  tin- 
Court  of  Chancery  should  be  deprived  of  all  jurisdiction  in  patent  Litiga- 
tion. We  suggest  to  the  opponents  of  patents  thai  ild  inquire 
what  decisions  by  Courts  oi  Law  have  made  patents  odious.  It  is  worth 
their  consideration  whether  tin  objectionable  characteristics  ■  I  pat  nt«  are 
mil  :,n  oi  them  traceable  to  the  manner  in  which  Hiej  are  dealt  within 
Chancery.  If  (as  we  anticipate)  we  shall  meoeed  in  showing  that  that 
Court  has  failed  miserably  when  some  of  its  most  eminent  jo  with 
pain;  cases,  and  that  failure  ii  attributable  to  the  method  and  i 
the  Court  itself,  it  would  surely  be  wise  before  deciding  tlmt  the  incon- 
veniences preponderate  over  the  advantages  of  patents,  to  trj  ths  practical 

working  of  patents  on    the  administration  of    the    law    l.\    the  CourU  at 
Westminster  only. 

In  sir  R.  Palmer's  memorable  speech,  lie  brought   out  with  remarkable 
force  and  clearness  the  absurd  conclusion  of  the  c  Chancery  upon 

Bovill's  Patent.     He  described  Bovill's  invention  as  •  ™  at  the 

precise  measure  of  exhausting  power  which  should  be  used  bj  millers,  and 
his  argument  was  that  tho  Law  of  Patents  was  mischievous  in  allow 

Biirh  a  patent,  wl it  »,^  unqueatlon 

using  <   ban  Sir.  Bovill  took  out  bis  patent,  end  it  was  absolute!) 

certain  thai  them  must  loom  r  or  lati  r  hi  ■  the 

discovery.    We  should  be  surprised  if  in  this  description  Sir  B 

own   viru  oi  .Mi.  Bovill's  Invention.     It  is,  however,  an 
accurate  description  of  the  views  expressed  ty   L  and  Hatln 

upon  that  inbject.  Sir  Boundell  urgi  d     this  being  the  hi  w,  it  ii  mi 
then  ite  that  law.     91  •  ths  •  mtrary,  It  th 

-r\   ,    .iiM  prop  I  Od  air.     ■;■  b  stal 

}„■  deprived  of  jurisdiction  over  that  subject     much  more  should  i-   i. 
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excluded  from  that  field  if  (as  we  shall  show  it  has  done)  it  can  decide  that 
a  patent  is  for  the  invention  of  the  precise  line  and  measure  at  which  the 
exhaust  should  be  used,  but  is  infringed  although  that  line  and  measure  be 
not  observed  by  the  miller.  Lord  Hatherley  described  the  invention  as 
"  a  delicate  arrangement,  delicate  in  one  sense  but  not  delicate  in  another ;  " 
and  in  this  sentence  he  pithily  expressed  the  principle,  or  absence  of  prin- 
ciple, on  which  the  Court  of  Chancery  has  throughout  acted  in  regard  to 
Bovill's  Patent.  The  invention  has  always  been  considered  as  extremely 
delicate  when  the  Court  has  been  inquiring  whether  prior  uses  of  the 
exhaust  had  anticipated  the  patent,  but  as  by  no  means  delicate  when  in- 
vestigating the  alleged  infringement. 

The  quantity  of  litigation  in  Chancery  upon  Bovill's  Patent  has  become 
almost  cause  of  complaint,  but  when  it  is  known  that,  up  to  the  present 
hour,  that  Court  has  never  considered  the  question  whether  Mr.  Bovill's 
specification  disclosed  any  invention  properly  so  called,  and  has  never  had 
before  it  any  evidence  that  what  it  was  pleased  to  consider  the  invention, 
was  of  the  slightest  utility,  or  that  any  practical  man  would  gather  from 
the  specification  that  that  was  the  nature  of  the  invention,  or  could,  from 
the  instruction  afforded  by  that  document,  carry  that  invention  into  prac- 
tice, the  quality  of  that  litigation  will  be  fairly  estimated. 

We  suppose  that  the  writer  of  the  article  on  "  Patents,  Patentees,  and 
the  Public,"  in  the  last  number  of  the  Westminster  Revieio,  must  have 
formed  his  opinion  of  the  nature  of  Mr.  Bovill's  invention,  much  in  the 
same  way  as  Mr.  Howard,  M. P.,  did — without  once  reading  the  specification 
for  himself;  but,  after  all  the  discussion  the  subject  has  received,  it  is 
refreshing  to  find  that  in  pages  of  such  authority  the  public  may  learn  that 
Mr.  Bovill's  invention  was  one  of  adjusting  the  millstones  themselves  so  as 
to  increase  their  power  and  yet  prevent  the  diffusion  of  stive  in  the  mill ! 

We  must  now  proceed  with  our  narrative. 

Mr.  Bovill  moved  before  the  Master  of  the  Rolls  for  a  new  trial  of  the 
issues  in  Bovill  v.  Goodier,  and  Mr.  Justice  Willes  wrote  his  opinion  of  the 
verdict  in  these  terms : — 

"  Common  Pleas,  17th  Jan.,  1867. 

"  My  dear  Lord  Romilly, — Certainly  I  expected  a  different  result  upon 
the  Issues  as  to  novelty. 

"  Mr.  Potto  Brown  and  the  Isleworth  Mills  were  the  most  important 
topics  for  the  defendant.  I  own  that,  without  impeaching  the  credit  of  the 
■witnesses,  I  thought  the  result  of  their  evidence  was  short  of  an  anticipa- 
tion of  Bovill's  discovery,  considered  as  consisting  of  the  regulated  or  pro- 
portioned exhaust. 

"  I  write  this  on  the  spur  of  the  moment,  but,  as  I  anticipated  this  ques- 
tion, you  may  take  this  to  be  my  formed  opinion. 

"  If  you  wish  to  speak  to  me  upon  the  case,  I  shall  be  happy  to  wait  upon 
you.  "  Yours  very  faithfully, 

"The  Lord  Romilly,  &c,  &c."  "J.  S.  Willes." 

•''  P.S. — This  cause  was  very  much  cramped  for  time,  but  this  is  one  of 
the  misfortunes  common  to  everybody  during  the  Winter  Circuit.— J.S.W." 

One  of  the  jury  made  an  affidavit  purporting  that  he  was  unaware  of  the 
effect  the  verdict  in  the  form  it  was  given  would  have  upon  the  patent. 
In  Westminster  Hall  a  juror's  affidavit  would  not  be  permitted  to  be  read, 
but  Lord  Romilly  considered  the  Court  of  Chancery  not  fettered  in  that 
way,  and  appears  to  have  persuaded  himself  that  the  verdict  was  a  mere 
slip,  and  did  not  express  the  deliberate  conviction  of  the  jury,  and  he  thus 
discoursed  on  granting  the  new  trial : — 

"  Lord  Romilly  :  In  this  case  of  Bovill  v.  Goodier,  I  am  of  opinion  that 
there  must  be  a  new  trial. 

"  I  proceed  solely  upon  the  ground  that,  in  my  opinion,  the  verdict  of 
the  jury  is  against  the  weight  of  the  evidence.  Not  only  was  the  evidence 
called  to  my  attention  very  fully  and  distinctlj  in  the  course  of  the  three 
days'  very  elaborate  argument  which  took  place  before  me,  but  I  have  also 
examined  it  as  carefully  as  I  could,  in  order  to  arrive  at  the  proper  opinion 
and  view  that  I  should  take  upon  the  subject.  I  concur  with  Mr.  Justice 
Willes  in  saying  that  I  think  the  evidence  which  is  given  on  behalf  of 
the  defendant  does  not  show  an  anticipation  of  Mr.  Bovill's  Patent. 

"  Now,  I  do  not  think  it  necessary — indeed  I  do  not  think  it  desirable 
or  proper — that  I  should  go  into  the  detail  of  the  evidence  to  say  upon 
what  grounds  I  have  come  to  that  conclusion.  Mr.  Justice  Willes  came  to 
the  same  conclusion,  which  he  has  stated  in  his  letter  to  me.  I  have  come 
to  that  conclusion  also.  I  do  not  think  that  the  evidence  shows  an  anti- 
cipation of  Mr.  Bovill's  patent,  and,  having  come  to  that  conclusion,  I  am 
of  opinion  that  I  could  not  satisfactorily,  in  a  Court  of  Equity,  make  any 
Decree,  in  consequence  of  that,  without  further  investigation. 

"  I  beg  also  to  state  that  I  express  no  opinion  whatever — it  is  unnecessary 
that  I  should — with  respect  to  the  affidavit  of  the  juror,  and  the  circum- 
stances which  took  place  in  the  jury  room.  I  think,  as  I  said  before,  that 
it  is  necessary  the  Court  should  hear  the  affidavit  for  the  purpose  of  exer- 
cising its  judgment,  upon  whether  such  a  case  is  made  out  as  to  induce  a 
Court  of  Equity  to  interfere ;  for  I  am  of  opinion  that  a  case  might  be  made 
out  which  would  induce  this  Court  to  interfere.    I  do  not,  therefore,  express 


any  opinion   upon  the  subject,  and  I  think  it  desirable  to  leave  that  un- 
touched. 

"  I  am  of  opinion  that  there  must  be  a  new  trial,  on  the  ground  I  have 
stated,  that  the  verdict  in  my  opinion,  is  against  the  weight  of  the  evi- 
dence given  in  favour  of  the  plaintiff.  I  think  you  have  copies  of  the- 
letter  of  Mr.  Justice  Willes  to  me,  so  that  I  need  not  give  you  the 
original. 

"  Mr.  Grove,  if  you  try  the  case  you  must  do  it  speedily — if  you  go  on 
with  it." 

The  great  case  of  Bovill  v.  Crate  was  the  next  incident.  It  was  before 
the  Vice  Chancellor  Sir  W.  Page  Wood  (now  Lord  Hatherley)  for  15  days- 
Judgment  was  pronounced  14  June,  1867,  at  such  great  length  that  we 
must  content  ourselves  with  extracts  showing  the  views  of  that  distinguished 
judge  as  to  what  are  the  rights  of  a  patentee,  the  functions  ot  the  Court  of 
Chancery  in  a  patent  cause,  and  how  evidence  is  to  be  put  aside. 

But  we  must  do  the  Court  the  justice  of  saying  that  a  very  unfortunate- 
attempt  was  made  to  prove  a  matter  of  fact  which  was  wholly  irrelevant  to 
the  real  controversy,  namely,  to  prove  that  there  could  not  be  a  plenum  of 
air  in  the  case  of  millstones  working  without  wind  in  the  ordinary 
manner. 

This  attempt  withdrew  the  attention  of  the  Court  from  the  true  signi- 
ficance of  the  terms  of  the  specification.  It  led  the  Court  to  conclude  that 
the  question  was,  "  Is  there  in  ordinary  millstones  cases  that  condition  of 
air  which  can  be  properly  called  plenum  ?  "  instead  of  the  true  question,. 
"  Is  Mr.  Crate  using  an  exhaust  which  relates  to  the  plenum  of  air  forced 
through  the  millstones  ?  "  Lord  Hatherley  seems  never  to  have  divested 
himself  of  this  mistake  as  to  the  character  of  the  invention.  The  central 
idea  with  him  has  all  along  been  "  Is  there  a  plenum  of  air  in  the  millstone 
case  ?  " 

The  judgment  begins  with  a  discussion  of  the  question  of  fact  whether- 
there  is  in  the  ordinary  working  of  millstones  a  blowing  action  in  the 
rotating  stone;  and  a  statement  of  the  three  extant  claims  of  the 
specification  ;  and  after  noticing  that  a  question  had  been  raised  whether 
the  first  claim  did  not  vitiate  the  patent,  it  proceeds  : — 

"  Then  comes  the  second  part  of  the  invention,  as  the  inventor  calls  it, 
which  is  the  important  point  on  which  I  have  to  determine  this  case.  '  ln= 
carrying  out  the  second  part  of  my  invention  when  working  millstones  with 
a  blast  of  air,  I  introduce  a  pipe  to  the  millstone  case  from  a  fan  or  other 
exhausting  machine,  so  as  to  carry  off  all  the  warm  dusty  air  blown  through 
between  the  stones  to  a  chamber  as  hereafter  described,  by  which  the  dust 
in  the  mill  is  avoided  and  the  grinding  improved.  And  this  part  of  my 
invention  relates  only  to  sucking  away  the  plenum  of  dusty  air  forced 
through  the  stones  and  not  to  employing  a  sufficient  exhausting  power  to 
induce  a  current  of  air  between  the  millstones  without  a  blast,  this  having 
before  been  practised  as  above  mentioned.'  Now  one  must  first  see  where 
it  is  that  he  describes  any  invention  at  all.  Certainly  it  cannot  be  taken 
he  described  the  invention  until  you  come  to  the  latter  sentence  I  have 
just  read — '  and  this  part  of  my  invention  relates  only  to  sucking  away  the 
plenum  of  dusty  air.'  It  cannot  be  said  he  describes  there  any  claim  for 
invention  until  you  come  to  this  portion;  for  not  only  does  he  say  this  part 
of  my  invention  relates  only  to  this  thing,  but  further  than  that,  anterior 
to  that  passage,  he  has  described  how  he  applies  the  invention.  He  applies 
it '  when  working  millstones  with  a  blast  of  air,'  and  'he  introduces  a  pipe 
to  the  millstone  case  from  a  fan  or  other  exhausting  machine.'  He  men- 
tions that,  as  it  was  mentioned  in  Bovill  v.  Key  worth,  as  a  thing  that 
was  perfectly  well  known  per  se — that  is  to  say,  any  exhausting  machine 
you  like  to  use — so  as  to  carry  off  all  the  warm  dusty  air  "  (this  is  the 
second  occasion  on  which  the  learned  judge  quoted  these  words  without 
completing  the  sentence  '  forced  through  the  stones,'  being  the  immediate 
context)  "to  a  chamber;  and  then  he  says,  it  relates  to  this  'the  sucking 
away  the  plenum  of  dusty  air  forced  through  the  stones,  and  not  to  em- 
ploying a  sufficient  exhausting  power  to  induce  a  current  of  air  between  the 
millstones  without  a  blast. " 

We  pause  here  to  observe  that  he  omits  to  notice  the  expressed  reason 
"  that  liaving  before  been  practised,"  and  that  the  necessity  for  a  blast  of 
air  to  force  a  plenum  of  air  through  millstones  does  not  appear  to  have 
suggested  itself  to  his  mind.  One  would  have  anticipated  that  an  analysis 
of  the  patentee's  language  so  well  commenced  would  have  been  persevered 
in  as  far  as  the  inquiry  whether,  as  "  no  invention  had  been  described  until 
you  come"  to  this  passage,  these  words  do  themselves  describe  an  invention 
within  the  law  of  patents.  That  cardinal  point  has  not  been  considered  by 
any  judge  of  the  Court  of  Chancery,  and  Lord  Hatherley  having  shown 
conclusively  that  no  invention  had  been  described  before  these  words,  at 
once  diverged  into  another  topic.  He  proceeded — "  Now  a  very  large  por- 
tion of  the  controversy  in  this  case  has  been  raised  on  those  words  which 
introduce  the  invention,  "  and  this  part  of  my  inveution  when  working  mill- 
stones with  a  blast  of  air,'  I  think  you  must  give  full  force  to  the  argu- 
ment which  has  been  adduced  to  me — a  very  forcible  argument  indeed — 
as  to  his  describing  in  those  words  a  particular  mode  in  which  he  applies 
this  particular  invention  of  his.     The  defendants  say  you-  have  described 
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your  invention  to  be — '  Secondly,  in  exhausting  the  air  from  the  cases  of 
millstones  combined  with  the  application  of  a  blast  to  the  grinding  sur- 
faces' — they  say,  you  hare  described  it  to  be  so;  and,  by  the  word  'blast,' 
you  inean  artificial  blast,  and  we  show  that  you  mean  artificial  blast  in  this 
way,  not  only  does  the  word  'blast'  itself,  with  an  ordinary  signification, 
and  independently  of  other  portions  of  your  patent,  imply  a  blast  which 
has  been  introduced  by  some  artificial  means,  and  not  in  the  ordinary  pro- 
cess of  grinding,  but  we  say  further  that  that  is  completely  established  by 
looking  to  that  disclaimed  portion  of  your  patent  wherein  there  is  reference 
to  the  disclaimed  invention  which  you  first  thought  you  could  lay  claim  to; 
but,  finding  you  have  been  forestalled  in  that,  you  describe  it  this  way, 
that  '  the  drawings  show  a  combination  of  other  parts  of  my  invention,  but 
this  part  of  my  invention  may  be  applied  to  stones  worked  with  a  current 
of  air  obtained  by  a  blast  or  exhaustion,  or  when  worked  without  wind  in 
the  ordinary  manner.'  And,  'I  may  here  remark  that  I  am  aware  that  it 
has  before  been  tried  to  rotate  the  lower  as  well  as  the  upper  stones  ' — that 
is  struck  out.  Now  it  is  said  here,  and  I  think  with  great  force  undoubtedly, 
that  if  you  had  chosen  in  your  invention  to  speak  of  three  classes  of  things, 
and  to  classify  the  air  passing  through  the  stones  to  be  in  one  way  pro- 
duced by  air  passing  through  the  stones  occasioned  by  blast, — another  to 
be  air  passing  through  stones  occasioned  by  exhaust, — another  to  be  air  pass- 
ing through  the  stones  when  worked  without  wind  in  the  ordinary  manner; 
you  thereby  contra-distinguish  the  ordinary  manner,  the  working  without 
wind,  from  the  mode  of  working  with  the  blast ;  so  that  when  we  come  to 
this  part  of  your  patent  you  say  there  that  you  work,  as  it  is  said  by  the 
defendant,  in  combination  with  the  blast:  you  say  there  that  you  only  do 
this  (and  of  course  that  is  the  contest),  you  only  apply  this  invention  when 
you  are  working  with  an  artificial  blast  of  air.  Now,  lit  us  see  how  far 
that  can  be  just,  as  being  the  true  interpretation  of  the  second  part  of 
the  invention." 

Observe,  the  inquiry  is  r.ot  whether  in  the  words  "relates  only  to 
the  plenum  "  a  patentable  invention  has  been  described,  but  assuming  that 
they  do  describe  an  invention,  the  discussion — omitting  validity — pioceeds  at 
once  to  infringement. 

"  The  contest  is,  that  you  claim  for  nothing,  and  do  not  desire  to  be  con- 
sidered as  inventing  anything,  except  in  the  case  where  there  shall  be  an 
artificial  blast  of  air.  The  words  I  have  just  read  in  the  second  part  of  the 
invention — I  have  not  read  the  last  part  of  all,  which  is  ordinarily  called 
the  claiming  part  of  the  patent,  in  modern  fashion — are,  '  Secondly,  in  ex- 
hausting the  dusty  air  when  the  same  has  been  blown  through  the  grinding 
surfaces  of  the  millstones  from  the  stone  cases,  or  chambers  receiving  the 
meal  as  herein  described.'  The  words  there,  '  blown  through,'  of  course 
are  larger  than  the  word  '  blast ; '  they  have  a  wider  meaning  than  the 
word  '  blast,'  even  if  you  construe  this  patent  according  to  the  patentee's 
own  language — certainly  that  portion  of  the  case  would  not  confine  him  to 
anything  that  involves  simply  the  artificial  blast  of  air  if  it  stood  there 
alone;  but  my  reading  of  the  patent  is  altogether  different  in  this  respect. 
I  think  he  is  telling  you — and  that  is  why  I  have  taken  the  pains  to  go 
through  the  anterior  state  of  manufacture — and  I  suppose  him  to  have 
known,  for  the  reasons  I  have  given,  as  I  suppose  everybody  to  have  known, 
when  the  invention  took  place,  that  there  is  a  blast  when  working  in  the 
ordinary  manner — the  very  word  '  blast '  is  used  by  the  defendant ;  and  it 
is  the  only  proper  word  that  you  could  use  for  the  air  driving  out  in  the 
ordinary  mode,  which  carried  off  the  dust  and  stive  occasioned  in  the  mill 
— that  was  greatly  aggravated  by  what  was  done,  and  the  plaintiff  says 
he  still  thinks  it  most  beneficial  for  working  the  mill  to  add  to  the  wind 
which  passes  through  the  stones,  in  that  manner,  that  artificial  blast  which 
will  quicken  the  working,  but  at  the  same  time  increases  this  mischief 
which  is  complained  of.  Now,  he  says,  I  would  introduce  a  process  which 
will  prevent  the  mischief  occasioned  by  the  stive  passing  through  the 
stones;  I  apply  it  when  I  am  working  it  to  the  cases  in  which  I  have  in- 
troduced, by  my  own  former  patent,  an  artificial  blast  of  air,  that  is  to  say, 
the  second  part  of  my  invention  when  working  millstones  with  a  blast  of 
air.  What  I  do  is  this:  "I  introduce  a  pipe  to  exhaust  or  carry  off." 
That  per  se  would  be  no  invention  at  all,  boeause  exhausts  were  known 
before.  But  he  says,  '  this  part  of  my  invention  relates  to  sucking  away 
the  plenum  of  dusty  air.'  That  is  the  very  description  of  the  invention  ; 
you  do  not  get  it  until  you  get  to  this  part  of  the  case,  as  shown  in  Bovill 
v.  Keyworth.  That  is  the  actual  description  of  the  thing  invented — that 
is  the  regulated   application    of  a    thing  known,  as    Mr.  Williams  very  well 

put  it  in  his  able  description  of  the  case.     He  said,  what,  you  claim  i 

a  new  thing,  because   exhausts    wen-    known  ;   hut  an    application  ol  an  old 

thing  to  effect  a  given  purpose  which  is  a   new  purpose.     I  quite  follow 

that,  and  quite  adopt  it.  He  says,  '  This  pari  of  my  invention  relates  only 
to  sucking  away  the  plenum  of  dusty  »ir  forced  through  the  stones,  and 
not  to  employing  a  sufficient  exhaasling  power  to  induce  a  current  of  air 
between  the  millstones  without  a  blast,  this  having  before  been  practised 
as  above  mentioned.'  Now,  it  was  said  in  argument  that  this  was  no 
claim — it  was  in  effect  a  disclaimer  simply  —  B  disclaimer  to  avoid  conflict- 
with  Newton's  Patent;  hut  this   is  certainly  not  the  decision  In  Bovill 


v.  Keyworth.  The  decision  in  Bovill  v.  Keyworth  is — and  I  can  find  no 
invention  at  all  until  you  get  to  this — the  whole  invention  consisted  in 
your  just  having  that  moderated  amount  of  exhaust  which  would  not  draw 
through,  because  that  is  mischievous.  The  plaintiff  has  given  his  reasons, 
and  I  have  heard  no  evidence  to  contradict  that,  and  no  reasons  given, 
that  Newton's  plan  was  mistaken — intact,  it  was  never  used;  it  bad  too 
great  an  exhaust ;  it  had  a  bad  effect  in  every  way  to  draw  the  meal  down 
the  spout  with  the  stive  and  hot  air,  and  everything  else  that  was  mis- 
chievous; but  the  thing  that  1  have  invented  is  so  adjusting  my  exhaust- 
ing power  that  the  plenum — on  which  I  will  say  a  word  or  two*  prescntly 
— of  dusty  air  forced  through  the  stones  shall  be  removed  and  sucked 
away.  Suppose,  he  says,  I  do  it  when  I  am  using  the  blast,  does  that 
authorise  anybody  to  do  it  at  any  other  time?  If  a  plenum  of  dusty  air 
is  produced,  if  there  is  pressure,  as  Mr.  Gamman  describes  it,  in  the  stone 
cases,  and  if  that  pressure  can  be  beautifully  adjusted,  as  it  appears  really 
to  have  been,  on  all  the  evidence  before  me ;  if  it  can  be  so  adjusted  as  to 
get  rid  of  all  the  inconveniences  hitherto  occasioned  by  just  removing  the 
plenum  and  nothing  more,  so  that  bitting  that  exact  measure  has  prevented 
the  escape  of  dust  altogether — if  that  is  done  away  with  by  the  blast  pro- 
duced, which,  for  the  previous  reasons  1  have  given,  I  hold  is  produced  by 
the  means  which  you  can  apply  to  the  common  operations — are  yon  to  be 
allowed  to  do  that,  because  the  plaintiff  says  that  in  using  this  invention 
he  uses  it  with  a  blast  ?  I  apprehend  not ;  because  I  apprehend  the  tame 
principle  that  was  acted  upon  in  Bovill  v.  Keyworth — I  quite  agree,  not 
in  any  way  binding  on  this,  of  applying  Lister  v.  Leather— must  apply  here, 
where  the  court  said,  supposing  this  patent  to  be  all  one  combination,  from 
[  first  to  last,  we  think  then  he  claims  part  1.  and  claims  part  2.  and  claims 
part  3.  You  cannot  take  any  one  of  those  entire  combinations  of  the  three, 
supposing  they  were  all  three  combined,  if  that  portion  be  new,  and  upon 
that  they  followed  Lister  v.  Leather,  and  Lister  v.  Leather,  as  it  appears 
to  me,  is  most  completely  applicable  to  this  second  clause  in  this,  which  is 
an  independent  claim  altogether.  Assuming,  as  I  do,  that  the  first  clause 
has  nothing  to  do  with  it,  he  tells  you  there  is  one  particular  indepen- 
dent mode  of  working  to  which  I  apply  this  my  invention.  1  apply  it  in 
one  particular  way  for  a  given  purpose  ;  but  you  cannot  apply  that,  as  my 
new  invention,  to  do  the  identical  thing  with  regard  to  something  else, 
namely,  the  removal  of  the  plenum,  the  very  thing  1  wanted  to  do,  because 
I  have  told  you  1  am  using  it  when  I  am  using  a  blast.  In  other  words, 
the  plaintiff  meant  to  say  this — a  blast  is  my  great  improvement ;  I  think 
that  the  best  way  of  working  the  mill  ;  there  was  dust  before,  and  there  is 
more  dust  now,  and  therefore  their  blast  became  useless ;  but  when  I  use 
my  blast  I  use  that  which  also  exactly  adjusts  the  drawing  off  by  means  of 
the  exhaust  with  reference  to  the  quantity  of  blast  produced;  and,  that 
being  done,  the  benefit  is  produced.  This  is  my  claim,  and  only  that. 
I  only  claim  the  sucking  away  the  plenum  of  dusty  air.  He  has 
described  that  in  his  specification  as  a  particular  and  given  application  of 
it  ;  and  certainly  the  rule  in  Foxwell  v.  Bostock  las  not  the  slightest  ap- 
plication here,  because  everything  is  plainly  declared  and  plainly  indicated 
throughout  this  patent,  that  the  blast  is  not  new  with  reference  to  the 
former  patent  on  this  subject.  The  blast  of  air  is  not  knew.  In  truth,  it 
is  scarcely  a  part  of  the  combination,  in  real  substancej  but  supposing  it 
to  be  a  part  of  the  combination,  the  blast  is  not  brought  forward  ES  new, 
but  the  removal  of  tho  plenum,  plainly  and  distinctly;  as  he  says,  '  this 
part  of  my  invention  relates  to  that,'  and  he  claims  that  and  that  only 
throughout  the  whole  matter.  Therefore  he  indicates  distinctly  what  he 
claims;  and,  suppos-ng  you  take  this  to  he  a  combination  of  using  the 
existing  invention  of  the  blast  with  drawing  awas  the  plenum,  then 
you  have  no  right  to  take  that  portion  ol  the  invention  which  will 
exactly  effect  the  same  thing,  because  you  can  apply  it  to  another  par- 
ticular form  of  blast.  I  think,  perhaps,  a  Mill  stringer  way  of  con- 
struing it,  which  would  actually  establish  the  plaintiff's  right  of  stand- 
ing upon  this  patent,  would  be  to  say,  that  a  man  is  not  supposed  to  he 
limited  to   the  word  '  combination.'      He   has  used    that  word  undoubtedly 

in  the  early  part  of  it.    'Secondly,  in  exhausting  the  air  combined  with 

the  application  of  the  blast' — he  is  not  to  he  so  tied  to  the  word  'com- 
bination,' when  you  find  what  he  mean-  in  the  second  part  is  this — I 
do  this,  when  I  am  using  a  blast,  and  niv  invention  is  that.  I  do  DM 
this  with  an  artificial  blast  ;  but  if  you  choose  to  use  an\  common  blast, 
you  are  not  therefore  to  be  allowed  to  take  my  invention. 

"Then  it   was   said,  you  have  deceived  the  public,    and   that    I  take   to  bo 

tho  point  of  Mr.    Justice  Willee"  observation,    who  concurs   with   (be 

Master  of  the  Bolll,  who   came  to  the  same  view       tlcit    this  »n  DO)  limited 

to  a  claim  to  work  with  an  artificial  blast.  I  take  that  to  be  the 
meaning  of  Mr.  Justice  Willcs'  observation,  that  this  gentleman  has  not 

disclaimed  to  use  it  with  other  Malta,  because  he  bus  said,  I  UM  thin  par- 
ticular invention  with  one  particular  kind  of  blast;  you  are  n  .more  entitled 
to  use  it  with   anything   than  produces  blast  that  JTOU  WOnld  be  entitled   to 

take  any  other  port  ion  of  ■  patent  process,  which  ti  plainly  and  distinctly 

set  out   a- the  one  that   is  claimed    positively  and  distinctly  U   »  new    lnV( 
Hon,     Now,  Mr.   Justice  Willcs,   in  peg*  814  of   thi   report  of  Bovill   t. 
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Goodier,  speaks  upon  this  point.  He  says,  '  I  take  upon  myself  to  say 
that  I  humbly  concur  in  the  judgment  of  the  Master  of  the  Rolls  in 
saying  that  this  second  part  of  the  patent  does  apply  to  an  exhaust, 
applied  not  only  in  conjunction  with  a  superadded  Mast,  but  in  conjunction 
with  any  blast  at  all,  whether  superadded  or  not ;  whether  it  is  a  blast 
caused  by  the  action  of  the  stones  upon  the  air  setting  it  whirling,  sub- 
jecting- it  to  the  centrifugal  force,  the  air  entering  through  the  eye  of  the 
stone,  the  exhaust  drawing  off  the  air  which  is  introduced  by  such  a  blast 
as  that.  I  see  no  reason  for  confining  the  word  '  blast '  in  the  specification 
to  a  superadded  blast,  and  I  find  nothing  in  the  specification  to  authorise 
me  to  express  any  doubt  as  to  the  propriety  of  that  decision.  Now,  there- 
fore, the  patent  is  for  the  application  of  an  exhaust,  regulated  in  such  a 
manner  as  to  carry  off — call  it  the  plenum  ;  I  should  call  it  the  wind  pro- 
duced by  the  blast  coming  in ;  that  is,  an  exhaust  regulated  according  to 
the  force  of  the  blast  used  to  go  through  the  stone.'  It  appears  to  me  that 
that  which  has  been  used  to  introduce  so  much  confusion  into  this  patent' 
is  this,  that  undoubtedly  you  may  say,  in  this  patentee's  mind  this  was 
passing,  as  one  of  the  best  ways  of  using  the  invention  as  to  the  plenum 
— one  of  the  best  modes  of  using  it  is,  in  combination  with  the  blast ;  be- 
cause, according  to  his  view,  that  produces  the  best  effect  of  any,  and  he 
gives  you  the  best  effect  of  any  ;  but  at  the  same  time  it  is  not  to  be  used 
with  any  blast,  when  he  tells  you,  '  my  invention  relates  only  to  sucking 
away  the  plenum  of  dusty  air  forced  through  the  stones.'  Therefore,  if 
there  is  air  forced  through  the  stones,  and  a  plenum  occasioned  by  that 
air  being  forced  through  the  stones,  then  he  has  claimed  that,  and  invented 
that ;  and  that  cannot  be  invaded." 

We  see  now  that  the  limits  of  free  inquiry  as  to  a  patent  in  the  Court  of 
Chancery  are  determined  absolutely  by  what  was  done  ten  years  pre- 
viously in  a  court  of  law  in  a  controversy  of  another  nature  between  other 
people,  to  whom  it  was  common  ground  that  it  was  as  simple  and  easy  to 
cure  by  the  application  of  exhausting  apparatus  the  mischief  resulting  from 
forcing  by  a  blast  a  plenum  of  air  through  millstones,  as  it  is  to  regulate 
the  draught  of  a  fire  by  opening  the  damper  in  the  flue.  The  examination 
by  the  Court  of  Chancery  of  the  meaning  of  the  specification  was  precluded, 
since  the  Court  of  Queen's  Bench  had  said  "  the  exhaust  produced  by  the 
pipe  and  fan  is  to  be  proportioned  to  the  plenum  caused  by  the  blast,  taking 
care  not  to  produce  the  inconvenient  current  of  air  against  which  a  caution 
is  given."  What  room  was  there  after  this  for  the  Court  of  Chancery  to 
inquire  into  the  nature  of  the  invention  or  the  meaning  of  the  specification  ? 
This,  in  fact,  is  the  radical  vice  of  the  Court  of  Chancery  in  administering 
the  patent  law.  The  court  professes  that  the  validity  of  the  patent  is  to  be 
litigated  unreservedly  before  it,  but  its  practice  is  to  inquire  what  a  court 
of  law  did  when  the  patent  was  before  it,  and  then  to  torture  and  stretch 
the  language  of  the  specification  so  as  to  arrive  at  a  conclusion  in  favour 
of  the  patentee,  and  therefore  in  apparent  harmony  with  the  decision  of 
the  court  of  law.  The  grammatical  meaning  of  words,  the  very  elementary 
rules  of  patent  law,  and  the  reputation  of  witnesses,  are  all  unsparingly 
sacrificed  to  attain  this  result.  We  see  that  through  the  forgetfulness  of  Lord 
Campbell  that  the  jury  in  Bovill  v.  Keyworth  had  not  been  asked  any 
question  as  to  the  sufficiency  of  the  specification,  upon  the  ground  that 
there  was  nothing  new  or  peculiar  in  the  manner  of  applying  the  exhaust. 
His  misapprehension  or  at  all  events  avoidance  of  the  objection  that  there 
could  not  be  a  valid  patent  for  the  mere  combination  of  any  sort  of  exhaust 
with  any  sort  of  blast,  and  his  dictum  that  the  very  kind  and  power  of 
exhaust  which  was  monopolised  by  the  first  claim  was  in  the  second  claim 
of  this  patent  declared  to  be  inconvenient  and  cautioned  against,  were  all 
required  to  supply  the  appearance  of  a  justification  for  'the  decision  in 
Bovill  v.  Keyworth ;  but  the  commentary  of  Lord  Campbell  is  the  text  of 
the  Court  of  Chancery.  To  conform  to  that  decision  the  Court  of  Chancery 
does  not  scruple  to  suggest  that  a  "  patentee  is  not  to  be  bound  by  his 
own  language,"  that  possibly  you  need  not  "  construe  this  patent  accord- 
ing to  the  patentee's  own  language."  It  can  "  quite  follow  and  quite 
adopt"  the  argument  that  this  is  not  "a  claim  for  a  new  thing,  but  an 
application  of  an  old  thing  to  effect  a  given  purpose,"  and  holds  that  "the 
actual  description  of  the  thing  invented"  is  "the  regulated  application  of 
a  known  thing,"  and  yet  can  omit  to  say  how  the  patent  can  be  valid. 
The  learned  judge  said  that  the  principle  that  was  acted  upon  in  Bovill  v. 
Keyworth  was,  he  "quite  agreed,  not  binding  in  any  way"  upon  that 
court ;  hut  we  shall  see  that  in  Bovill  v.  Smith  he  frankly  said  in  sum- 
marising his  judgment  in  Bovill  v.  Crate  that  he  "was  not  at  liberty  to 
dispute  "  what  had  been  determined  in  Bovill  v.  Keyworth.  It  is  as  true 
with  respect  to  Lord  Hatherley,  when  Vice-Chancellor,  as  we  have  ven- 
tured to  say  with  respect  to  Lord  Romilly,  that  the  traditions  and  system 
of  the  Court  of  Chancery  made  it  impossible  for  him  rightly  to  discharge 
the  functions  of  a  jury  and  of  the  court  of  Common  Law  in  banco  in  a  litiga- 
tion under  a  patent.  We  have  seen  that  his  lordship  demonstrated  that 
no  invention  was  described  in  any  words  previous  to  those  relating  to  the 
plenum,  and  avoided  inquiring  how,  what  was  disclosed  by  these  words 
could  support  a  patent;  and  we  shall  see  that  he  disposed  of  the  unan- 
swerable   objection  that   the  patent   must  be  void  for   insufficiency  of 


specification  inasmuch  as  the  statement  that  the  invention  relates  to  the 
plenum  can  by  no  possibility  be  an  instruction  how  to  do  anything  newly 
invented  in  reference  to  it,  by  saying  "  that  sounds  very  well ;  but  the 
answer  is  that  the  Court  of  Queen's  Bench  has  decided  that  this  is  a  new 
invention,  and  that  it  is  sufficiently  described."  This  indeed  is  the  secret 
and  key  of  the  whole  judgment  in  the  present  case,  and  of  all  the  other 
judgments.  It  was  decided  to  be  a  good  patent  in  Bovill  v.  Keyworth. 
We  have  nothing  to  do  but  to  enforce  the  rights  there  established,  and 
find  answers  of  some  sort  to  the  arguments  and  evideuce  submitted  to  us 
to  displace  those  rights. 

But  we  must  continue  our  extracts  from  the  judgment. 

"  I  said  before  I  closed  my  remarks  upon  the  patent,  I  would  refer  to 
the  case  of  Bovill  v.  Keyworth,  which  deals  with  several  other  points  of 
importance  in  the  case;  but  I  at  once  say  I  read  Bovill  v.  Keyworth  as 
deciding  no  more  than  this.  Bovill  v.  Keyworth  mentions  the  application 
of  the  second  branch  of  the  invention  with  a  blast ;  so  that  this  question 
I  have  just  been  discussing  certainly  does  not  appear  to  me  to  have  arisen 
in  Bovill  v.  Keyworth.  The  principle  may  arise,  whether  you  take  part 
of  the  invention  which  is  new,  supposing  it  to  be  in  combination;  but 
that  particular  question  did  not  arise  there.  When  the  Master  of  the 
Rolls  says  he  takes  Bovill  v.  Keyworth  to  have  decided  the  validity  of  the 
patent  in  other  respects,  I  take  it  to  be  perfectly  clear  that  the  Master  of 
the  Rolls  is  of  opinion  that  the  other  points  in  the  patent  (say,  for  instance, 
the  stive  room)  did  not  arise  in  Bovill  v.  Keyworth  upon  the  question  of 
infringement ;  but  I  read  the  Master  of  the  Rolls'  observation  as  applying  to 
novelty,  and  in  one  sense  you  may  say  Bovill  v.  Keyworth  is  a  decision 
on  the  patent  on  all  its  points  as  to  novelty  in  this  sense  only  ;  not  that 
it  arose  in  controversy,  not  that  there  was  an  express  judgment  upon  it 
but,  of  course,  it  was  open  for  the  defendant,  in  Bovill  v.  Keyworth,  to 
raise  every  point  of  novelty  that  has  been  raised  before  me  here;  and  if  he 
can  show  me  that  any  one  part  of  the  patent  is  bad  for  want  of  novelty, 
although  it  had  nothing  to  do  with  that  part  of  the  patent  which  he  was 
adopting,  yet  if  he  could  succeed  on  any  one  of  those  points  it  was  open  to 
him  to  do  so.  Therefore  a  decision  in  favour  of  the  patentee  leaves  it  open 
to  any  other  persons  to  raise  other  questions  of  novelty  by  new  evidence; 
but,  as  far  as  it  went,  it  did  satisfy  the  court  upon  the  evidence  before  it 
— indeed,  the  verdict  of  the  jury  was  taken  on  one  particular  point,  which 
I  must  refer  to  presently  as  to  Muir's  patent.  They  had,  at  the  time,  no 
evidence  against  its  novelty,  and  the  court  was  satisfied  of  that. 

"  Now,  the  importance  of  Bovill  v.  Keyworth  is  this.  It  did  determine 
an  important  point,  which  I  confess  was  open  to  a  great  deal  of  argument, 
not  indicating  the  slightest  doubt  as  to  the  decision.  I  think  it  was  a  nice 
point,  and  a  point  requiring  a  great  deal  of  argument,  namely,  whether  or 
not  there  is  any  such  thing  described  as  was  patented  at  all  ?  There  it 
was  that  the  doctrine  of  Kay  v.  Marshall  was  brought  in ;  because,  on 
that  part  of  the  case,  the  decision  was  of  very  considerable  importance.  The 
defendants  contended  there  (and  I  know  Kay  v.  Marshall  is  cited  in  the 
argument,  although  the  argument  is  given  first,  and  the  case  mentioned 
afterwards),  'that,  if  the  specification  was  not  to  be  construed  as  confining 
the  second  claim  to  the  millstone  where  the  upper  stone  was  fixed,  that 
claim  would  extend  to  a  combination  of  every  practicable  mode  of  apply- 
ing a  blast  and  every  practicable  mode  of  applying  an  exhaust  to  a  mill,  if 
any  one  of  such  modes  of  applying  a  blast  he  used,  together  with  any  one 
of  applying  an  exhaust;  and  that  so  large  and  indefinite  a  claim  to  such 
numerous  combinations  was  not  a  claim  for  a  new  manufacture  which 
could  be  made  the  subject  of  a  patent  within  the  meaning  of  the  Statute 
of  Monopolies;  and,  also,  that  the  specification  had  not  particularly  de- 
scribed any  manner  of  peiforming  the  second  part  of  the  invention,  and 
had  not  described  the  manner  of  performing  every  combination.'  It  is 
another  form  of  Kay  v.  Marshall.  Kay  v.  Marshall  said,  if  the  world  has 
got  the  whole  thing  before  it,  you  puttiDg  in  your  boundary  line  in  the 
midst  of  that  which  is  common  property  cannot  mark  you  off  any  part  of 
the  common  which  the  whole  world  has  a  right  to  feed  upon  ;  you  cannot 
put  a  hedge  across  it  and  say,  this  is  something  of  my  own  which  I  appro- 
priate to  myseif.  That  cannot  be  done ;  and  there  is  the  double  objection  : 
first,  you  cannot  do  it;  and,  secondly,  if  you  do  attempt  to  do  it,  you  have 
not  laid  a  sufficient  boundary  line,  which  is  taking  the  larger  form,  and 
taking  all  possible  inventions — you  have  not  laid  down  anything  large 
enough  to  enable  persons  to  work  upon  your  patent.  The  court  deals  with 
the  subject  in  that  way,  and  again  deals  also  with  this  (I  read  it  because 
I  shall  not  have  to  refer  to  it  again),  namely,  whether  or  not  the  patent  is 
sufficiently  described  as  to  the  mode  of  operation,  Now,  Lord  Campbell 
says  this  :  '  The  specification  says, — '  In  carrying  out  the  second  part  of 
my  invention  when  working  millstones  with  a  blast  of  air,  I  introduce  a 
a  pipe  to  the  millstone  case  from  a  fan  or  other  exhausting  machine,  so 
as  to  carry  off  all  the  warm,  dusty  air  blown  through  between  the  stones 
to  a  chamber  as  hereafter  described.'  'And  this  part  of  my  invention 
relates  only  to  sucking  away  the  plenum  of  dusty  air  forced  through  the 
stones,  and  not  to  employing  a  sufficient  exhausting  power  to  induce  a 
current  of  air  between  the  millstones  without  a  blast.'      That  is  the  part 
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I  have  read  before.  Theu  he  says — now,  this  is  Lord  Campbell's  interpre- 
tation of  the  patent,  and  is,  to  my  mind,  of  euormous  importance  to  the 
plaintiff;  and,  as  it  appears  to  me,  to  all  judges  who  have  to  consider 
fairly  what  the  legal  position  of  the  plaintiff  is—'  The  exhaust  produced  by 
the  pipe  and  fan  is  to  be  proportioned  to  the  plenum  caused  by  the  blast, 
taking  care  not  to  produce  the  inconvenient  current  of  air,  against  which 
a  caution  is  given.'  Now,  I  have  given  my  reasons  for  saying  I  include 
in  'blast'  the  blast  that  is  produced  by  the  centrifugal  action  of  the 
stones ;  every  word  of  that,  of  course,  will  apply  to  all  questions  raised, 
as  to  what  it  is,  the  plaintiff  claims,  and  as  to  whether  or  not  Kay  y. 
Marshall  could  apply  to  that;  and  whether  or  not  he  has  not  given  suffi- 
cient advice  how  the  thing  is  to  be  done— that  it  is  to  be  proportioned 
to  a  blast,  taking  care  not  to  produce  the  inconvenient  current  of  air  as 
to  which  a  caution  is  given,  and  he  has  given  the  proper  mode  of  doing 
it.  It  is  true  he  has  described  nothing  but  a  fan  and  this  exhaust— a 
well-known  thing.  But  the  learned  judge  says,  '  How  can  a  judge  take 
upon  himself  to  say  that  this  may  not  be  enough  to  enable  a  workman  of 
competent  skill  to  construct  the  machinery  ?  '  lu  other  words,  you  are  told 
to  take  the  common  machine,  the  well-known  machinery  fan,  to  construct 
the  exhaust,  and  arrange  it  so  as  exactly  to  carry  off  the  plenum  which  is 
caused,  and  not  to  produce  the  inconvenient  current  of  air.  Then  Lord 
Campbell  proceeds  to  say,  and  all  the  other  judges  concur  in  this  judg- 
ment : — 'According  to  the  evidence,  the  specification  was  abundantly  suffi- 
cient for  this  piuposc ;  and  therefore  it  could  be  uo  more  necessary  in  the 
specification  to  explainn  the  details  by  which  the  pipe  and  fan  were  to  be 
employed  to  create  and  regulate  the  exhaust  than  to  describe  bow  the 
millstone  case  or  the  stones  themselves  were  to  be  fashioned.  The  learned 
counsel  for  the  defendants,  after  being  familiarly  acquainted  with  the 
manner  in  which  this  part  of  the  process  is  conducted,  being  asked  to  sug- 
gest the  fit  language  to  be  employed  to  instruct  the  workmen  how  to 
adjust  so  as  properly  to  suck  away  the  plenum,  that  the  stive  may  be  dis- 
charged into  the  chamber  above' — they  seem  to  read  that  as  Mr.  Justice 
Willes  does—'  were  unable  to  devise  any  improvement  upon  the  specifica- 
tion.' Therefore,  it  seems  to  me  to  be  clear  that  this  gentleman  has  plainly 
t.-ll  yon  what  he  claims.  It  seems  to  me  Kay  v.  Marshall  has  really  no 
application  to  the  case— it  is  not  an  exhaust  producing  an  inconvenient 
blast  of  air.  It  is  an  exhaust  producing  the  effect  desired.  The  combina- 
tion is  this.  The  plenum  is  required  to  be  reduced  in  proportion  to  the 
quantity  of  blast  that  is  introduced.  This  seems  to  be  the  combination, 
if  any  ;  and  to  say,  as  I  said  before,  that,  because  he  applies  it  to  one 
particular  case  of  such  a  blast  being  produced— supposing  be  uses  those 
words  which  I  rather  think  myself  the  whole  construction  of  the  patent 
would  had  one  to  think  they  amount  to — not  only  with  regard  to  that. 
buthe  led  others  to  believe  that  that  was  his  particular  mode  of  applica- 
tion— his  mode  of  application  would  not  deprive  him  of  the  benefit  of  the 
invention  as  settled  fey  Bovill  v.  Key  worth  to  be  the  rule. 

"  As  regards  the  justice  of  the  decision  in  Bovill  v.  Keyworth,  it  is 
almost  wrong  in  me  to  comment  on  that,  after  the  long  lap'e  of  years  that 
has  taken  place  since  the  decision.  With  regard  to  the  fjtot  that  it  was  an 
invaluable  invention,  I  think  nothing  more  is  wanting  than  that  we  find 
that  every  one  was  setting  to  work  to  prevent  this  evil  of  dust  and  stive  ; 
and  certainly  we  do  find  that  after  this  invention— when  it  gol  to  be 
known,  when  it  came  to  be  found  of  such  utility— a  flood  of  patents  was 
being  poured  upon  the  public,  both  in  France  and  England,  up  to  that 
time— that  seems  to  have  been  suddenly  stayed;  and  it  appears  to  have 
been  because  the  right  thing  had  been  hit  upon. 

"That  being  so.  probably  I  had  bettor  dispose  of  the  Other  points  on 
the  patent  itself.  There  are  one  or  two  points  which  I  ought  to  notice. 
One  is  that  the  first  invention— namely,  the  invention  of  certain  appara- 
tuses for  introducing  air  between  the  millstones— has  been  anticipated  by 
Mr.  Bovill  himself  in  bia  own  Scotch  patent.  Xou.it  would  be  a  very 
extraordinary  state  of  things  if  snob  a  point  could  arise  now,  for  the  first 
time,  alter  the  eighteen  or  nineteen  ordeals  through  which  this  gentleman 
has  had  to  pass;  but  I  think  it  is  a  sufficient  answer  to  that  to  say  this. 
In  the  first  place,  it  would  le  a  Ver.  strange  thing,  if  he  should  have 
claimed  exactly  what  he  claimed  only  three  years  before  in  another 
patent.      It  is  quite  clear  to   my  mind  that  he    hud   DO   snob   notion;  hut 

thai  would  not  avail  If  there  was  one  in  the  patent  on  which  the  public 
could  act.  I  put  this  ease  In  the  same  way  as  that  which  arose  so  often 
in  Dohh's  Paten!  in  the  <mc  of  Petto*  invention.  If  yon  are  to  spell  it 
out  of  this  Scotch  latent,  1  mn«t  In.  rldence  that  somebodj  work 

[ng/  on  the  Scotch  patent  could  have  spell  prsecnl  invention  from 

the  -  ent    There  waa  one  set  of  holes  introduced  in  the  Scotch 

patent,  a  specific  Fet  of  holes,  a  specific  arrangement  although  then  was 

some  bhindeT  in  the  framing  of  it.      -  ns  nre  introduced,  and 

ver;,  oddly  used,  in  the  spe  in  the  first  portion  of  bis  patent, 

'  by  introducing  ■  supply  of  air  down  the  master  line  »-  many  in  number 
in  the  furrows,1  instead  of 'm  the  the  furrows,1  or'  to  the  furrows  ' — this 

is  the   specific-   COUrSe  Which    is    point.    1  OUl    ill  this,  mid  tie  M    is  nothing  Of 

tbekind  pointed  out  in  the  Scotch  patent;  bul  what   h  relied  on  is  this, 


that  the  holes  may  be  made  in  any  particular  manner  in  the  sides  ([  do 
not  go  through  it  for  this  purpose,  but  it  comes  near  to  that),  and  these 
may  be  made  in  either  stone— -in  either  stone — that  is  the  part  which  is 
relied  upon.  Now  here  the  invent  ion  is  confined  to  a  fixed  top  stone. 
They  say  there  it  may  be  in  '  either '  stone  ;  then  they  say,  you  fall  in  with 
this  description  of  the  second  patent,  and  it  is  anticipated  by  the  Scotch 
patent.  My  answer  to  that  would  be,  as  far  as  I  can  see  (of  course  1  have 
no  right  to  form  my  independent  judgment  without  evidence),  I  can  form 
no  notion  of  any  workman  working  this  second  patent  by  the  description 
which  is  claimed  in  the  first  patent,  and  I  have  no  evidence  before  me 
that  he  could.  Therefore,  I  do  not  think  that  that  was  an  anticipation  of 
the  plaintiff's  invention." 

With  regard  to  the  use  made  of  the  Scotch  patent  of  1846  it  may  he 
enough  to  say  that  under  that  patent  Mr.  Bovill  secured  the  monopoly 
in  Scotland  of  the  blast  into  the  closed  eye,  and  the  exhaust  as  an  alterna- 
tive means  for  ventilating  the  grinding  surfaces,  and  in  his  specification 
stated  that  when  exhaust  was  used  instead  of  the  blast,  apertures  might  be 
made  in  any  convenient  part  of  either  of  the  stones  for  the  admission  of 
air  to  the  grinding  surfaces;  and  it  was  contended  that  this  was  a  clear 
anticipation  of  the  first  claim,  which  is  for  using  exhaust  to  ventilate  the 
grinding  surfaces  and  providing  ventilating  pipes  in  the  top  stone  when 
fixed — at  all  events,  that  ;'  it  could  not  be  an  invention  patentable  in  1848  to 
use  the  exhaust  to  ventilate  the  grinding  surfaces,  when  the  top  millstone  is 
fixed  and  provided  with  ventilating  pipes,  after  this  patent  of  18 10  for  putting 
ventilating  apertures  in  either  stone  when  exhaust  is  used  instead  of  blast.''  If 
it  were  decorous  to  laugh  at  anything  falling  from  a  learned  judge,  we  should 
be  disposed  to  entertain  ourselves  with  the  reasons  by  which  this  conten- 
tion was  refuted — "the  improbability  that  the  patentee  would  in  1849 
patent  in  England  what  he  had  patented  hi  1846."  But  the  patentee,  be- 
yond all  controversy,  did  patent  in  England,  six  months  after  he  had  done 
so  in  Scotlahd,  the  very  blast  which  was  the  chief  subject  of  this  patent ! 
There  are  blunders  in  the  wording  of  the  Scotch  patent,  "so  that  no  notion 
can  be  formed  of  any  workman  being  able  from  it  to  perform  the  first 
clause  of  this  patent."  But  the  blunders  referred  to  are  not  in  the  Scotch 
specification  of  1816 — they  are  in  this  present  specification  of  1849.  They 
were  fatal  to  the  pretensions  of  the  former,  but  are  harmless  to  the  bitter  ! 
One  weight  and  one  measure !  The  liberties  that  may  he  taken  with  the 
language  of  a  specification  are  unquestionably  large  when  it  is  conceded 
that  the  patentee  is  not  to  be  tied  by  it ;  but  we  doubt  whether  even  Mr. 
Bovill's  counsel  ventured  to  ask  the  learned  judge  to  indulge  in  such 
heroic  flights  as  we  have  now  to  present. 

"  The  other  objection  made  is  to  the  third  part  of  the  invention.  I  am 
not  speaking  of  its  novelty  as  to  Fison's  or  others,  or  what  whs  done  at 
the  Chelmsford  and  other  mills.  I  did  not  hear  Mr.  Grove's  reply  upon 
that.  The  words  are — 'The  third  part  of  my  invention  consists  in  strain- 
ing the  air,  which  is  surcharged  with  fine  Hour,  through  suitable  porous 
fabrics,  which  retain  the  flour  and  allow  the  air  to  pass  through  ;  and  this 
I  accomplish  by  exhausting  the  air  from  the  millstone  case  or  other  dosed 
chamber  receiving  the  meal  from  tin' --tones,  by  means  of  a  fan  or  other 
exhausting  machinery,  and  blow  the  stive  so  exhausted  into  a  chamber 
having  its  sides  and  top  formed  of  one  or  more  thicknesses  of  suitable 
porous  fabrics,  to  allow  tbe  air  under  pressure  to  pass  out  deprived  of  the 
flour  by  means  of  this  liltraii  in.  I  also  obtain  the  same  result  bj  placing 
the  filtering  chamber  between  the  stone  case  or  chamber  receiving  the 

meal  and  dust  from  the  stones  and  the  exhausting  machine.  The  stivoor 
dusty  air  is  then  Bucked  through  the  filtering  fabrics  instead  of  being 
blown  through,  and  the  sir  posses  BWaj  ehan  OS  before.'  Now, 
what  is  bo  describing  there':  lb-  is  noi  describing  an  invention 
of  a  fabric  for  filtering,  because,  if  he  was  describing  a  combina- 
tion of  fabrics  for  filtering,  it  would  not  dp,  of  course,  for  him  to  soy,  I 
take  a  suitable  fabric;  he  mnsl  tell  you  what  the  fabric  is;  but  tbe  filter- 
ing process  is  part  of  the  procei  in  truth.  This  was  not  news  'l  was  a 
process  which  was  known  before.     But  he  says  this;  I  am  going  to  tell 

you  now,  having  (jot  rid   of  the  -  I  P  the  mill,  how  I  will  stop  that 

stive  when  the  air  is  on  il  wa;  out,  and  catch  it  foryouj  and  mj  process 
is,  the  mode  of  catching  the  stive  -thai  is  to  say,  where  I  will  pul  the 
thing  to  catch  it.  All  the  world  knows,  solid  matter  mas  be  separated 
from  air  hv  passing  through  porous  fabrics  i  that  is  a  process  well  Ion  rwo. 
[am  not  describing  that;  [am  not  about  to  touch  you  the  bast  way  of 
bolting,  by  means  of  pouring  the  stive  through,  but  I  am  telling  you  this, 
and  for  that  ]  nrpoee  I  read  the  lecoi  •!  »s  being  very  much  combioed  srlsh 
the  third.  I  do  not  thins  the  observation  could  bs  put  In  s  much  diftl 
i.iiui  it  i  did  not]  but  I  rather  incline  to  agree  with  Mr.  Justice  VVUlaa 
and  with  lord  Campbell  in  saying  that  the  third  la  the  following  np  of 
the  process  in  the  second,  because  yon  cannot  use  the  stlvo  in  the  we*  the 
plaintiff  is  speaking  of  in  his  patent,  until  you  hue  drawn  II  oat  lathe 
manner  described  by  one  oontin  Having  done  that, 

invent  a  plan  to  conduct  il  to  a  stive  chamber,  where  all  this  can  ha 
ea  ily  sobieved.  Raw,  I  apprehend,  nobody  oould  be  Impugned  (or  taking 
any  other  process  diflbreni  from  this  of  straining  the  flour  and  the 
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but,  if  his  plan  is  adopted  in  the  particular  mode  he  has  described,  he 
says,  '  any  suitable  fabrics.'  Of  course,  if  the  objection  could  be  used  at 
ali,  there  is  foundation  for  considerable  force  in  the  objection  in  the  evidence 
given  by  the  plaintiff  before  the  Privy  Council,  because  he  says  there,  it 
took  him  a  long  time  to  find  the  best  fabric  ;  but  then  his  patent  was  not 
taken  out  for  that.  There  are  plenty  of  fabrics  to  do  it ;  and  he  says  I 
want  any  suitable  fabric  to  comply  with  my  patent,  which  patent  is  only 
for  telling  you  how  to  conduct  this  stive  on  its  road  from  the  boxes  to  the 
chamber;  so  that  you  can  sort  it  and  send  the  air  out.  You  may  sort  it 
in  the  way  you  think  best ;  and  some  of  them  will  sort  it  one  way  and 
some  iu  another.  There  is  some  dispute  on  the  evidence  which  is  the 
best  mode.  He  does  not  say,  my  patent  is  for  a  process  for  finding 
suitable  fabrics  for  straining  stive  and  air;  but  mine  is  a  patent  for  find- 
ing you  a  process  by  which  the  stive  taken  out  from  the  boxes  can  be 
saved,  on  its  way,  by  the  contrivance  of  a  chamber  into  which  I  blow  it, 
and  the  same  fan  which  sucks  it  out  of  one  will  blow  it,  out  of  the  other ; 
but  it  is  not  part  of  ray  business  to  tell  you  the  best  mode  of  sifting  it. 
My  process  tells  you  that  I  do  sift  it,  and  also  tells  you  tho  process  by 
which  I  am  enabled  to  sift  it.  In  truth,  these  are  all  the  objections 
standing  on  the  patent,  independently  of  the  question  of  novelty  as  applied 
to  this  particular  second  claim.  I  have  dealt  with  the  question  of  novelty 
on  the  first  claim,  as  being  superseded  by  the  Scotch  patent.  It  was  a 
little  single  point  by  itself.  Then  comes  the  great  question  of  the  novelty, 
and  then  comes  the  question  of  infringement. 

It  is  possible  that  some  may  be  found  to  attempt  to  comprehend  the 
nature  of  the  invention  of  Mr.  Bovill,  protected  by  the  third  claim  of  this 
specification  as  here  expounded.  We  can  only  say,  "  Who  would  have  sns  • 
pected  that  that  was  the  invention  ?  " 

The  learned  judge  next  proceeded  to  consider  the  evidence  of  anticipation 
of  the  invention  adduced  by  the  defendant. 

"Now,  the  question  of  novelty  is  put  in  this  way.  It  was  said,  at  first 
we  will  not  dispute  your  novelty  if  you  will  confine  yourselves  to  the  arti- 
ficial blast  and  drawing  off  by  the  exhaust — we  will  allow  your  patent  to 
be  good,  if  you  like,  for  that;  but  we  say,  if  you  talk  of  applying  an  ex- 
haust to  a  common  pair  of  millstones,  so  as  to  draw  off  the  plenum,  in  that 
there  is  nothing  new — that  has  been  done  over  and  over  again.  Accord- 
ingly, I  have  had  to  bear  the  evidence  iipon  no  less  than  thirteen  different 
places  where  this  has  been  said  to  have  been  done — not  all  the  thirteen  as 
to  the  claim,  because  two,  I  think,  went  to  tbe  stive  room  ;  but  about 
eleven  cases  in  which  the  process  is  said  to  have  been  adopted,  beyond 
which  there  is  a  large  quantity  of  French  patents,  and  which  were  put 
before  me,  all  of  which  were  before  the  Master  of  the  Rolls  in  Bovill  v. 
Goodier  except  one,  namely,  that  of  Cabanes.  Well,  now,  I  dispensed  with 
any  reply  on  the  bulk  of  those  cases,  because  it  appeared  to  me  that  there 
were  only  two  cases  which  could  seriously  be  brought  into  question.  I 
will  just  say  a  word  or  two  on  the  others,  but  I  would  rather  deal  in  detail 
with  those  two.  One  of  them,  the  Houghton  Mills,  seems  extremely  un- 
important; but  the  other  case,  the  case  of  the  Iseleworth  Mills,  deserves 
considerable  consideration.  Now,  as  regards  Mr.  Muir's  mills,  I  threw 
them  out  for  this  reason.  I  do  consider  Mr.  Muir's  mills  as  being  totally 
and  completely  in  evidence  in  the  case  of  Bovill  v.  Keywoith,  and  the  jury 
to  have  found  upon  it.  The  very  same  letter  has  been  produced  before  me 
— a  letter  writen  from  Altona  to  the  proprietor  of  Muir's  mills  at  that 
time,  with  reference  to  a  contrivance  and  a  scheme  and  a  drawing  with 
reference  to  applying  this  exhaust,  and  so  on.  All  that  was  used,  and  of 
course  used  with  great  effect,  in  the  case  of  Bovill  v.  Key  worth,  because  it 
was  a  plan  of  blast  and  exhaust  combined,  exactly  similar  to  what  was 
supposed  to  be  the  point  before  the  court  in  the  case  of  Bovill  v.  Eeyworth. 
The  court  afterwards  refused  to  grant  a  new  trial,  and  considered  that, 
notwithstanding  Mr.  Muir's  evidence,  the  jury  correctly  found  in  that 
case.  I  do  not,  therefore,  think  it  right  in  me,  some  ten  years  afterwards, 
to  suppose  that  I  ought  to  give  more  credit  to  the  witnesses  who  are  now 
produced  than  to  those  who  were  then  fresh,  had  the  whole  case  before 
them,  and  had  the  full  opportunity  of  discussing  it.  I  pass  Mr.  Muir, 
therefore,  on  that  ground.  With  regard  to  the  minor  ones,  I  will  say  a 
word  or  two  on  them  presently." 

We  think  it  a  public  duty  to  call  attention  to  the  views  here  expressed  as 
to  the  weight  to  be  given  to  evidence  ;  the  more  so  as  we  shall  find  that  very 
similar  views  have  been  enunciated  by  Lord  Cairns,  who,  indeed,  with  that 
terseness  for  which  he  is  justly  celebrat' d,  has  reduced  these  views  to  a 
formula.  It  is  to  this  effect :  It  a  patent  has  once  been  the  subject  of  trial 
by  jury,  and  was  held  valid,  on  any  subsequent  trial  the  evidence  offered  by 
the  defendant  may  be  divided  into  two  clauses;  evidence  that  was  sub- 
mitted to  tbe  jury  on  the  first  trial,  and  having  then  been  disregarded,  is  to 
be  disregarded  now  ;  and  evidence  which  though  available  on  the  first 
trial  was  not  presented  to  the  jury,  and  must  have  been  considered  un- 
reliable, and  must  not  therefore  be  acted  iipon  now.  The  exhaustiveuess 
and  tbe  thought  and  trouble  saving  character  of  this  formula  must  strike 
everyone,  but  it  is  sadly  out  of  keeping  with  the  rules  which  are  laid  down 
for  the  guidance  of  juries  in  similar  circumstances.     A  jury  is  solemnly  re- 


minded of  its  duty  to  consider  for  themselves  the  evidence  presented  to  them 
and  wholly  to  disregard  the  circumstance  that  a  previous  jury  has  had  a 
similar  question  under  consideration.  Their  duty  is  now  to  decide  accord- 
ing to  the  evidence,  and  not  to  be  a  mere  echo  to  repeat  what  a  former 
jury  may  have  decided. 

We  must  not  lose  sight  of  the  fact  that,  chiefly  under  the  guidance  of 
Lord  Cairns,  Parliament  has  deprived  a  person  sued  in  Chancery  upon  a 
patent,  of  the  right  to  submit  the  evidence  of  invalidity  to  a  jury.  It  is  of 
the  highest  importance,  therefore,  to  scrutinise  the  manner  in  which  the 
only  tribunal  open  to  him  will  deal  with  the  evidence.  It  has  dealt  with 
evidence  given  by  a  gentleman  of  high  character  and  position,  having  not 
the  slightest  personal  interest  in  the  result,  supported,  by  contemporaneous 
documents,  and  not  even  cross-examined,  by  saying,  "  How  can  we  act  upon 
his  evidence  when  a  jury  did  not  do  so  ten  years  ago?  " 

{To  be  continued.) 
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THE  PRESIDENT'S  ADDRESS  IN  SECTION  B  (CHEMICAL 
SCIENCE.) 

The  following  is  an  abstract  of  tho  President's  address  in  Section  B 
(Chemical  Science)  : — ■ 

Dr.  Debus  endeavoured  to  direct  attention  to  the  ideas  which  at  present 
guide  chemists  in  their  researches — to  place  in  a  clear  light  the  objects 
they  are  striving  to  attain,  and  to  indicate  the  direction  of  the  scientific 
thought  of  our  time.  To  do  this  was  by  no  means  an  easy  task ;  for  the 
more  manifold  and  diversified  the  objects  of  science  become,  the  more 
numerous  and  extensive  its  relations  with  other  branches  of  knowledge,  the 
more  difficult  it  becomes  to  draw  a  picture  of  its  actual  condition.  The 
speaker  referred  in  the  first  place  to  the  molecular  arrangement  of  the 
atoms  of  which  bodies  are  composed,  and  said  that  the  views  of  chemises 
relative  to  the  combinations  of  atoms  in  molecules,  and  to  the  methods  of 
ascertaining  this  arrangement,  have  undergone  great  alterations  and 
received  great  additions  during  the  last  10  or  15  years.  To  a  considera- 
tion of  these  changes  he  invited  the  attention  of  his  audience.  Eighteen 
years  ago  Professor  Williamson  read  before  the  members  of  the  associotion 
a  remarkable  paper  which  contained  the  germ  of  our  modern  chemical  doc- 
trines, and  was  the  cause  of  many  important  discoveries.  He  proposed  to 
regard  three  large  classes  of  bodies — acids,  bases,  and  salts — from  the 
same  point  of  view,  and  to  compare  their  chemical  properties  with  those 
of  one  single  elected  substance.  For  this  term  of  comparison  he  chose 
water.  The  speaker  proceeded  to  say : — Now,  water  is  composed  of 
of  three  atoms — two  of  hydrogen  and  one  of  oxygen.  Williamson  showed 
that  all  oxygen  acids,  all  oxygen  bases,  and  the  salts  resulting  from  a  com- 
bination of  the  two,  can,  like  water,  be  considered  to  be  composed  of  three 
parts  or  radicals,  two  of  the  radicals  playing  the  part  of  the  hydrogen  atoms 
in  water,  and  the  third  that  of  the  atom  of  oxygen.  Potassic  hydrate  is 
water  which  has  one  of  its  atoms  of  hydrogen  replaced  by  an  atom  ot 
potassium,  hydric  nitrate  is  water  which  has  one  atom  of  hydrogen  re- 
placed by  nitric  oxide,  and  potassic  nitrate  is  water  with  one  of  its 
hydrogen  atoms  replaced  by  nitric  oxide  and  the  other  by  potassium. 
This  speculation,  as  every  chemist  knows,  is  well  supported  by  experi- 
ments; it  embraces  three  large  classes  of  bodies  which  till  then  had  been 
considered  as  distinct.  Mr.  Gerhardt,  in  1853,  extended  Williamson's 
views  by  distinguishing  two  other  types  of  molecular  structure,  repre- 
sented respectively  by  hydrogen  and  ammonia;  and  succeeded,  by  help  of 
the  radical  theory,  in  arranging  the  majority  of  the  the  then  known  sub- 
stances under  one  or  the  othar  of  the  three  types  already  mentioned. 
Like  every  theory  which  is  in  harmony  with  experience,  the  above  con- 
siderations led  to  results  of  unexpected  importance ;  for  it  soon  became 
apparent  that  the  radicals  which  thus  replace  hydrogen  in  water  are  not  at 
all  of  the  same  chemical  value.  Dr.  Debus  then  entered  into  au  elaborate 
und  technical  explanation  in  proof  of  this  statement,  and  went  on  to 
say: — Thus  every  ytar  produces  results  which  improve  our  conceptions  of 
the  atomic  and  molecular  constitution  of  bodies;  and  as  our  knowledge 
improves  new  questions  suggest  themselves  and  our  power  over  the  elements 
increases.  It  has  already  become  possible  to  prepare  in  the  laboratory 
bodies  of  a  very  complex  character,  and  which  a  few  years  ago  only  were 
found  in  the  bodies  of  animals  or  plants.  Alizarin,  the  beautiful  compound 
of  the  madder  root,  has  beeu  obtained  by  artificial  means  in  the  course  of 
the  year  by  Messrs.  Lieberman  and  Grabe.  Results  of  such  a  nature 
render  it  highly  probable  that  at  no  distant  period  it  will  be  in  our  power 
to  prepare  artificially  nearly  all,  if  not  all,  the  substances  found  in  plants 
and  animals.  Here  I  must  not  be  misunderstood.  Organic  structures, 
such  as  muscular  fibre  or  the  leaves  of  a  tree,  the  science  of  chemistry  is 
incapable  of  producing,  but  molecules,  like  those  found  in  a  leaf  or  in  the 
stem  of  a  tree,  will,  no  doubt,  one  day  bo  manufactured  from  their  ele- 
ments.    I  must  not  conclude  this  address  without   reference  to  two  or 
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three  subjects  of  great  importance.     Professor  Bunsen,  of  Heidelberg,  has 
published  a  paper  on  the  washing  of  precipitates.     Every  one  acquainted 
with  practical  chemistry  knows  hows  ranch  time  is  often  lost  in  waiting  for 
a  liquid  to  pass   through  the  filter.     Bunsen  found  the  rate  of  filtration 
Dearly  proportional  to  the  difference  between  the  pressures  on  the  npper 
and  lower  surfaces  of  the   liquid.     If,  accordingly,  the  funnel  be  fixed  air- 
tight by  means  of  a  perforated  cork  to  the  neck  of  a  bottlp,  and   the  air  j 
exhausted   in  the  bottle,  the  liquid  will  run  faster  through  the  filter  in 
proportion  to  the  diminution  of  the  pressure  in  the  bottle.     Comparative 
experiments,  some  made  according  to  the  old  and  others  made  according 
to  the  new  method,  showed  that  the  filtration,   washing,  and  drying  of  a 
precipitate,  which  took  seven  hours  by  the  old  plan,  could  be  pertonned  by  | 
filtration  into   an  exhausted  bottle  in  13  minutes.     But  a  saving  of  time  is 
not  the  only  advantage  of  the  improved  method  of  collecting  and  washing  j 
precipitates.     A  more  psrfect  washing  with  less  water  than  is  required  by  j 
the  common  way  of  proceeding  is  by  no  means  the  least  recommendation! 
of  Bunsen's  ingenious   method.     A  very  important  paper  has  been   pub- 1 
lished  by  Professor  Leibig  on  the   imrovement  of  the    nourishing  qualities  j 
of  bread.     Certain  quantities  of  phosphates  and  other  salts  form  necessary 
ingredients  of  wholesome  food.     Now,  it  is  well  known  that  most  of  these  I 
salts  which  naturally  exist,  in  wheat  remain  in  the  husk.     Liebig  proposes 
to  add  salts,  of  a  nature  similar  to  those  remaining  in   the  husk,  to  the  | 
flour,  and  at  tbe  same  time  to  substitute  for  the  carbonic  acid  developed  by  i 
fermentation,  gas   liberated  from   sodlc  carbonate.      The  bread  prepared  i 
according  to  Liebig's  recommendation  is  said  to  be  of  excellent  quality,  and 
to  exceed  in  value  bread  made  by  the  ordinary  method.     Mr.  Graham,  of ; 
her  Majesty's  Mint,    has   continued   his  researches    in    the  absorption  of 
hydrogen  by  palladium.     Palladium  appears  to  be  able  to  absorb  more  than  j 
■900  times  its  volume  of  hydrogen,  and  to  form  a  combination  which  con- 
sists of  nearly  equal   equivalents  of  the  two  elements.     Hydrogeninm,  as 
Mr.  Graham  calls  the  combined  hydrogen,  acts  in  this  case  like  a  metal, 
and  thus  the  opinion  held  by  some  scientific  men,  tint  hydrogen  constitutes 
the  vapour  of  a  metal,    receives   confirmation.      The  specific   gravity   of 
hydrogenium,  as  contained  in  the  alloy,  was  found  to  be  1'95.     These  ex- 
periments are  remarkable  in  more  than  one  respect.     The  palladium  which 
absorbs  and  combines  with  the  hydrogen  does  not  change  its  state  of"  aggre- 
gation,  but   remains    solid   and  expands  as  if  it  had  been  heated.     The 
nodules  of  the  palladium  have  consequently  changed  their  relative  positions 
and  combined  with   hydrogen,  while  the  continuity  of  the  metal  remained 
intact.     The   last  subject  to  which   I  have  to  draw  your  attention  is  the 
beautiful  paper   by  Professor  Tyndall,  on  a  new  method  of  decomposing 
gaseous  substances  by  means  of  light.     Tyndall's  experiments  bring  us 
face  to  face  with  the  motions  of  atoms  of  molecules,  and  the   relation  of 
these  motious  to  chemical  decomposition.     They  will  no  doubt,  at  some 
future  time,  furnish  valuable  materials  to  chemical  dynamics. 


ON     ROADS     AND     RAILWAYS    IN    NORTHERN*      INDIA.     AS 

AFFECTED  BY  THE  ABRADING  AND  TRANSPORTING  POWER 

OF  WATER 

By  Tnosus  Logix,  C.E. 

At  the   la.st    meeting  of   this  Association  I  had    the    honour  to    draw 

attention  to  the   "Abrading  and   Transporting   Power  of  Water,"   when  I 

ventured  to    bring  forward  my  views  regarding   this  important  subject. 

Since  that  time   I  have  studied  the  subject  still  more,  and  in    the  theory 


then  brought  forward  I  have  been  more  and  more  confirmed.  As  manv  of 
those  now  present  may  not  have  seen  or  heard  what  these  views  are,  I  shall 
briefly  recapitulate  the  most  prominent  poiuts  before  entering  ou  the  ques- 
tion of  their  practical  application  to  engineering  works. 

1.  All  silt-bearing  streams  when  in  train  only  transport  a  given  propor- 
tion of  earthy   matter. 

2.  That  the  proportion  dapendson  the  velocity,  and  the  nature  of  the 
materials  transported. 

3.  Any  increase  to  the  velocity  must  cause  a  tendency  to  cutting,  and 
any  decrease  to  deposit. 

4.  That  a  silt-bearing  stream  is  retarded  by  having  to  exert  a  force 
sufficient  to  transport  certain  proportions  of  certain  descriptions  of  earthlv 
matter,  consequently  the  slope  required  for  a  given  velocity  uuder  such 
circumstances  must  be  greater  somewhat  than  if  the  water  was  pure. 

From  these  conclusions  I  arrived  at  certain  deductions  regarding  the 
flow  of  water  down  irrigation  canals,  which  at  present  it  is  not  necessarv 
to  dwell  on,  and  went  on  to  state  that  so  far  as  my  personal  observations 
extended,  that  they  went  to  show  that,  though  the  transporting  power  of 
water  increased  with  the  velocity,  yet  it  diminished  as  the  depth  increased, 
and  suggested  that  this  was  possibly  owing  to  the  rotatary  motion  of  fluids, 
which  are  supposed  to  follow  some  figure  more  of  the  nature  of  the  involute 
of  circles  rather  than  straight  lines. 

Having  got  so  far,  I  stated  mv  belief  that  it  signified  little  what  mav 
be  the  cross  section  or  velocity  of  a  stream  while  passing  over  or  through 
a  work  so  long  as  it  could  again  resume  its  natural  section  and  velocity 
immediately  on  leaving  it.  The  main  object  of  my  former  paper  was  to 
show  how  the  above-mentioned  conclusions  affected  the  question  as  to  the 
proper  velocity  to  give  to  artificial  rivers,  that  is  irrigation  canals  in  India 
and  elsewhere,  and  on  the  present  occasion  I  propose  confining  my  atten- 
tion to  the  rivers  of  Northern  India,  with  suggestions  as  to  how  they 
should  be  bridged.  To  do  so,  however  probably  it  will  be  be*t  to  give  a 
general  description  of  the  plains  of  Northern  India  without  attempting  to 
infringe  on  the  work  of  the  geologist,  but  simply  to  state  what  is  now  to 
be  found,  and  what  changes  in  nature  have  lately  taken  place  and  arc  at 
present  being  worked  out.  The  plains  of  Northern  India  may  be  considered 
under  two  great  divisions,  namely,  the  (iangetic  Valley  and  the  Yallev  of 
the  Indus.  Approximately  it  may  be  said  that  from  the  head  of  the  Bay  of 
Bengal  to  where  the  Ganges  escapes  from  the  hills  is  a  little  short  of  1,200 
miles.  The  general  shape  of  the  surface  of  the  country  would  in  section 
be  the  quadrant  of  a  very  flat  ellipse,  with  a  small  portion  of  both  ends 
cut  oft".*  The  total  fall  fall,  rather  more  than  1.000ft.,  commencing  with 
rapid  slopes  near  the  hills,  and  ending  with  a  fall  of  only  one  or  two  inches 
in  the  mile  at  the  sea.  The3e  plains  consist  of  alluvial  deposits  to  unknown 
depths  in  alternate  strata  of  clay  and  sand,  but  in  addition  to  this  are 
to  be  found  extensive  beds  of  limestone  kuown  in  India  by  the  name  of 
•'  kunkur." 

As  a  general  rule,  the  uppermost  stratum  U  a  rich  light  clay  from  5  to 
10ft.  in  depth,  with  sand  below  it,  audit  is  chiefly  owing  to  this  that 
Upper  India  is  so  very  productive.  Strata  of  clay,  sand,  and  "  kunker" 
are  met  with  at  various  depths,  and  of  various  thicknesses,  and  all  haw  a 
general  parallelism  to  the  surface,  but  how  or  when  deposited  the  author 
will  not  attempt  to  discuss.  The*e  plains  are  cut  up  by  deep  troughs  or 
valleys,  usually  from  *>  to  10  miles  broad,  of  various  depths,  from  tliat  of 
10  to  even  100ft.  Fig.  1  is  a  section  of  one  of  them,  and  it  is  tbr 
!  these  valleys  that  the  large  rivers  that  are  fed  by  the  melting  of  the  snow 


Flfj.  1. 


P  parabolli 


20 


226 


THE  ARTIZAN. 


[October  1,  1869. 


now  wander.  These  valleys  are  known  in  India  by  the  name  of  "  Khadirs," 
and  as  there  is  nothing  similar  to  them  that  the  author  is  aware  of  in 
England,  it  will  he  best  to  adhere  to  this  local  name  in  contradistinction  to 
what  is  called  Bhangir,  or  the  high-level  plain  already  referred  to.  The 
formation  of  these  "  Khadirs"  is,  however,  a  matter  of  interest  to  the 
engineer,  so  the  author  will  state  his  views  as  to  how  he  thinks  they  were 
scooped  out  and  are  being  filled  up  again 

In  the  great  valley  of  the  Dehra  Doon,  lying  between  the  Ganges  and 
the  Jumna,  and  beyond  the  Sewalic  range,  where  the  ground  chiefly  con- 
sists of  boulders  and  sand,  with  a  covering  of  vegetable  soil,  there  are 
evident  marks  to  show  that  these  two  rivers  stood  at  much  higher  level 
than  at  the  present  day.  It  is  also  self-evident  that  the  sea  extended 
several  hundred  miles  further  inland  than  the  present  head  of  the  Bay  of 
Bengal,  so  that  at  no  very  distant  period,  speaking  in  a  geological  sense  of 
time,  the  chief  rivers  of  Northern  India  must  have  had,  when  escaping 
from  the  hills,  their  beds  higher  than  at  present,  and  their  channels  shorter, 
so,  with  slopes  more  rapid,  the  transporting  power  of  these  rivers  must 
have  been  much  greater  than  now,  and  a  violent  cutting  back  on  the  bed 
has  taken  place  from  the  sea,  scooping  out  these  deep  troughs  to  excessive 
depths  through  the  alluvial  plains.  This  also  would  further  add  to  the 
declivity  of  the  beds  of  these  rivers  near  the  foot  of  the  hills,  and  thus 
boulders  could  be  transported  for  many  miles  further  into  the  plains  than 
they  are  at  present.  It  is  thus  the  author  would  account  for  only  sand  to 
great  depths  being  found  in  the  valleys  of  the  large  rivers  some  distance 
down  their  course,  as,  for  example,  on  the  Beas,  where  the  Delhi  Railway 
crosses  it,  also  near  the  foot  of  the  hills,  shingle  and  boulders  some  twenty 
miles  down  the  course  of  these  rivers  are  to  be  found  a  few  feet  below  the 
sand,  as  in  the  case  of  the  Dadoopoor  dam  at  the  head  of  the  Jumna  Canal, 
where  the  foundations  rest  on  shingle  at  a  depth  of  about  10ft.  below  the 
bed.  With  sand  overlaying  boulders  and  shingle  it  can  only  be  supposed 
that  the  beds  of  the  rivers  are  here  being  raised,  and  as  the  Delta  is  extend- 
ing year  by  year  out  into  the  Bay  of  Bengal,  the  river  here  also  is  becom- 
ing higher,  so  it  is  natural  to  suppose  that  all  along  the  course  of  the  river 
between  these  points  a  similar  process  is  going  on.  This  is  a  very  impor- 
tant point  to  know,  for  though  this  silting  up  may  be  imperceptible,  yet 
it  clearly  shows  that  there  is  no  danger  to  any  permanent  work  by  a  general 
depression  of  the  beds  of  these  rivers  going  on,  as  some  suppose,  so  that 
any  scooping  out  of  the  bed  is  only  local,  and  can  be  met  by  local  remedies. 
Borings,  in  the  beds  of  torrents,  which  drain  the  southern  slopes  of  the 
hills,  and  not  the  interior,  and  which  meander  over  the  plains  rather  than 
intersect  them,  give  very  different  results  to  what  are  found  in  the  valleys 
of  the  large  rivers;  as  alternate  strata  of  clay,  sand,  and  kunkur  are  found. 

It  is  necessary  to  know  the  rainfall  at  variout  points  to  understand  cer- 
tain natural  features,  and  the  changes  now  going  on.  In  the  Gangetic 
valley  the  rainfall  is  considerable,  being,  on  an  average,  nearly 

20  inches  a  year  at  Delhi 
30  "         ' "  Meerut 

40  "  "  Eoorkie 

The  level  of  the  Bhangir  here  being  so  very  much  above  that  of  the 
Khadir,  a  gradual  wearing  down  of  the  Bhangir  is  going  on,  thus  the  high 
level  plains  between  the  Ganges  and  the  Jumna,  commonly  called  the 
Doab,  is  cut  up  by  several  large  streams.  With  such  a  rainfall  as  there  is 
all  over  the  Doah,  it  is  natural  to  suppose  that  there  must  be  some  line 
marking  out  the  catchment  basins  of  each  stream,  and  that  this  line,  by  its 
being  least  exposed  to  the  action  of  running  water  remains  the  highest, 
and  is  neither  more  nor  less  than  the  "back  bone  of  the  country,"  not. 
caused  by  any  upheaval,  but  simply  that  it  worn  down  less  than  any  other 
portion  of  the  plains.  It  is  along  this, ridge  or  ridges  that  irrigation  canals 
should  be  led,  but  as  the  plains  are  so  level,  the  general  direction  of  these 
ridges  is  difficult  to  determine.  This  at  once  explains  why  so  many  cross 
sections  of  the  country  have  to  he  taken  to  discover  the  best  line  for  an 
irrigation  canal  and  its  branches,  which  are  not  necessary  with  a  road  or  a 
railway  where  distance  becomes  so  important  an  element. 

The  author  would  now  make  a  few  remarks  on  the  valley  of  the  Indus, 
that  is,  the  plains  which  form,.the  Doabs  of  the  Punjab,  which  are  similar 
geologically  tothoseof  the  Gangetic  valley,  the  only  difference  being  that  they 
have  not  any  deep  rivers  intersecting  the  plains  nor  ridges  similar  to  what 
is  found  in  the  North-western  Provinces.  Take,  for  example,  the  Richna 
Doab,  the  high  level  plains  between  the  Ravee  and  the  Chenah  rivers,  which 
is  50  miles  broad  near  Lahore  where  the  Bhangir  is  only  about  10ft.  above 
the  Khadir  of  the  Ravee,  and  on  the  Chenab  side  at  Wuzeerabad  the  differ- 
ence of  level  is  only  17ft.,  so  that  in  a  lateral  direction  there  can  be  very 
little  fall.  Again  the  rainfall  is  very  little  compared  with  what  there  is  iu 
the  valley  of  the  Ganges,  as  approximately  there  is  at  Hung  4in.  yearly 
or  one  fifth  of  the  fall  at  Delhi. 

Cheeniot,  8       i  Meerut. 

Sealkote,  30     J  Roprkie, 

and  these  points  are  respectively  about  equidistant  from  the  hills.  The 
fact  is  that  the  land  absorbs  all  the  rain  which  falls,  so  that  at  fifty  miles 


below  the  hills  every  vestige  of  drainage  lines  disappears.  Not  that  no 
drainage  passes  over  this  line  for  it  is  on  this  parallel  that  the  Lahore  and 
Peshawur  road  runs,  and  13,470  running  feet  of  gaps,  in  addition  to  37 
bridges  and  culverts  of  various  sizes  are  left  in  this  embankment  to  pass 
off  the  cross  drainage  which  comes  down  from  the  neighbouring  country 
above  where  the  rain  is  more  plentiful,  yet  with  all  this  waterway  in  a 
distance  altogether  of  59  miles  (including  the  valley  of  the  Ravee)  in  July, 
1866,  "  the  flood  topped  the  road  for  over  8  miles  in  length,  and  made  very 
extensive  breaches,  scouring  out  the  site  of  road  the  embankment  below 
the  level  of  the  country." 

It  appears  to  the  author  that  in  such  a  case  it  would  perhaps  have  been 
better  either  to  divert  the  drainage  higher  up,  or  to  have  had  no  raised 
road  whatever,  but  to  have  allowed  the  flood  to  pass  quietly  off  over  the 
road.  The  effect  in  this  case,  by  increasing  the  velocity  at  certain  points, 
has  been  for  the  comparatively  pure  water  which  had  harmlessly  flowed 
through  fields  of  cultivation  to  sweep  away  several  miles  more  of  the  em- 
bankment, thus  showing  "that  with  increased  velocity  there  must  be  abra- 
sion." Where  the  floods  even  at  higher  velocities  are  not  obstructed,  no 
such  action  takes  place,  as  the  author  in  October,  1863,  laid  down  a  cause- 
way of  "  kunkur"  metal  across  the  Khadir  of  the  Sutledge  at  Loodianah 
level  with  the  surface  of  the  country,  and  up  to  1867  it  was  standing,  and 
for  anything  he  knows  to  the  contrary,  it  may  be  there  still.  Thus  a  num- 
ber of  floods  have  passed  over  it  at  great  velocities,  yet  as  the  water  had, 
its  proper  load  of  silt  there  has  been  no  cutting. 

But  to  continue,  the  Richna  Doab  being  so  little  raised  above  the  Khadirs 
there  could  be  no  great  fall  east  or  west,  consequently  with  a  plain  fifty 
miles  broad  with  a  considerable  fall  towards  the  sea,  the  tendency  would 
be  for  the  floods  to  spread  themselves  over  it,  and  as  the  rainfall  is  so  little, 
this  drainage  is  ultimately  absorbed.  There  is,  therefore,  no  wearing  down 
of  this  plain  by  the  action  of  water,  so  instead  of  there  being  any  natural 
ridges,  the  surface  of  the  country  is  so  uniform  that  the  author  found  by- 
one  of  his  trial  cross-sections,  with  points  taken  at  every  400ft.,  in  a  dis- 
tance of  six  miles  in  a  straight  line,  that  the  highest  point  did  not  exceed 
iff  height  the  most  depressed  more  than  3ft.,  though  the  fall  of  the  country 
at  right  angles  to  this  line  was  some  2ft.  in  the  mile.  It  is  this  uniformity 
of  the  plain  and  the  richness  of  the  soil  that  makes  the  Richna  Doab 
*o  peculiarly  well  adapted  for  irrigation,  and  in  this  opinion  the  author  is 
supported  by  the  late  chief  engineer  of  the  Punjab,  Lord  Napier  of 
Magdala. 

The  courses  of  rivers  in  India  are  very  changeable,  so  much  so  that 
Government  has  to  collect  the  land  rents  in  the  neighbourhood  of  these 
rivers  on  a  different  system  to  other  parts  so  as  to  admit  of  change  of 
proprietorship  as  the  course  of  the  river  shifts.  These  deep  troughs  or 
valleys,  called  "khadirs,"  are  the  limits  through  which  the  rivers  change 
their  course  from  time  to  time,  and  though  the  course  may  be  said  to  be 
always  serpentine,  the  changes  are  not  exactly  so,  but  follow  that  of  the 
valley ;  thus  there  is  a  gradual  movement  of  all  the  bends  downwards,  so 
that  after  a  given  number  of  years,  say  half  a  century,  the  river  may  be 
exactly  as  it  was  fifty  years  before,  but  at  the  end  of  twenty-five  years 
every  bend  would  be  formed  at  the  opposite  side  of  the  valley.  Sometimes 
the  changes  are  more  or  less  sudden,  when  instead  of  the  channel  moving 
gradually  down,  these  bends  are  diverted,  and  the  two  ends  get  silted  up, 
when  these  diverted  channels  often  become  a  marsh;  and  are  known  by 
different  names  in  different  countries,  such  as  "  broads"  in  Norfolk, 
"lagoon»"  in  America,  "  sheels"  in  Upper  India,  "  dhars"  in  Bengal,  and 
"chormgs"  in  Burmah.  One  remarkable  feature  of  them  is  that  they  are 
on  a  lower  level  generally  than  the  main  river,  proving  that  the  rivers  are  rais- 
ing their  beds,  but  it  is  this  peculiarity  that  makes  it  all  the  more  necessary  to 
guard  against  the  tendency  of  the  main  steam  returning  to  its  deserted  chan- 
nels, and  it  is  to  this  the  author  would  more  particularly  call  attention,  for  he 
believes  that  hereafter  it  may  be  a  work  of  no  little  difficulty  to  prevent  this 
where  the  large  rivers  are  crossed  by  railways.  During  high  floods  a  large  body 
of  inundation  water  passes  down  the  valley,  see  Pig.  2,  which  is  all  more  or 
less  under  water  but  its  flow  is  retarded  for  various  reasons,  chiefly  owing 
to  vegetation,  consequently,  comparatively  speaking,  the  water  is  pure  and 
does  not  hold  in  suspension  anything  like  the  same  proportion  of  earthy 
matter  that  the  main  stream  does.  To  give  sufficient  waterway  by  flood 
openings  to  pass  off  all  the  inundation  at  its  natural  velocity  would  require 
exceedingly  large  bridges.  To  increase  the  velocity  through  the  bridges 
implies  a  heading  up  of  the  water  with  a  still  greater  reduction  in  the 
velocity  on  the  up-stream  side  of  the  embankment,  which  necessitates  a 
still  further  reduction  of  the  silt  held  in  suspension. 

The  water  thus  lightened  of  its  load,  rushes  through  the  flood  openings 
and  reaches  the  down-stream  side  at  an  increased  velocity,  in  nearly  a  pure 
state,  and,  as  it  must  take  up  a  proportion  of  earthy  matter  due  to  this 
velocity,  a  violent  action  takes  place  below  the  bridge,  Nay,  sometimes 
owing  to  this  increased  velocity  on  the  up-stream  side,  a  scooping  out  takes 
place  above  the  bridge,  and  if  the  bridge  happens  to  have  a  raised  flooring, 
it  simply  becomes  a  submerged  weir,  doing  harm  instead  of  good  by 
deranging  the  flow.     If  floorings  are  to  be  used  they  should  be  as  inverts 
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to  rest  the  bridge  on,  and  not  raised  to  a  higher  level  than  the  founda- 
tion. In  nine  cases  out  of  ten  it  would  be  better  to  break  up  all  raised 
floorings,  and  throw  the  material  round  the  pier  foundation',  rather  than 
give  a  plunging  direction  to  the  water  down  stream. 

If  this  view  be  correct,  it  at  once  proves  that  with  loose  sand  to  un- 
known depths,  the  only  safe  mode  for  bridging  the  large  rivers  is  to  have 
deep  foundations,  which  necessi1"  te  great  spans,  and  iron  girder  bridges, 
and  as  the  sand  pump  makes  <  e  sinking  such  a  simple  matter  now,  the 
difference  of  10ft.  more  or  less  of  depth  in  cost  is  insignificant.  (In 
Madras,  where  there  is  an  unlimited  supply  of  heavy  material,  the  case 
may  be  different  and  there  shallow  foundations  may  be  more  ecomical.)  An 
extra  depth  of  10ft.  or  so,  however,  is  nearly  tantamount  to  doubling  the 
sectional  area  of  the  waterway,  and  as  water  doe3  not  move  in  straight 
lines,  it  matters  little  what  the  shape  of  the  section  may  be  when  passing 
through  a  bridge ;  thus  the  waterway  may  be  doubled  without  adding  to 
the  breadth,  but  by  deepening  the  bed.  By  this  means,  without  adding 
much  to  the  cost  of  a  bridge,  not  only  the  main  stream,  but  also  the  in- 
undation water  could  all  be  passed  through  the  one  bridge,  and  thus  a 
great  saving  effected  by  having  no  flood  openings,  and  consequently  no 


may,  however,  venture  to  ask  what  would  be  the  financial  state  ot  Southern 
India  (which  now  does  not  pay)  if  harbours  were  constructed  on  soun '. 
principles,  so  as  not  to  be  silted  up. 

Time  will  not  admit  of  the  author  describing  a  modification  of  these 
syphons,  which  he  thinks,  in  some  instances,  may  be  introduced  wii'.i 
economy  for  crossing  minor  streams,  instead  of  bridging  them  iu  the 
usual  manner;  but  be  believes  not  ouly  this  can  be  done  with  advantage, 
but  also,  with  spoon-mouthed  syphons,  inundation  water  in  Bengal  may  be 
carried  through  embankments  in  regulate  1  volumes,  so  as  to  be  available  for 
irrigation,  thus  adding  both  to  the  fertility  of  soil  and  the  salubrity  of  the 
climate,  while  the  embankments  would  protect  the  country  from  these  de 
vastating  floods  which  so  often  destroy  both  life  and  property. 


Discussion  ok  Mb.  T.  Login's  Paper. 

The  President :  This  paper  opens  up  a  very  large  question,  which  I 
believe  can  hardly  be  fully  discussed  here  as  it  deserves.  The  construction 
of  the  bridges  in  India  has  given  a  great  deal  of  trouble,  and  I  hope  we 
shall  have  some  discussion  on  this  communication.     (Hear,  hear.) 


Fis.  2. 
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danger  of  the  main  river  taking  to  these  side  openings,  while  the  ouly  in- 
convenience would  be  to  cause  the  flood  to  last  a  few  hours  longer  than  it 
otherwise  would.  As,  however,  where  the  embankment  crossing  a  valley 
is  of  a  great  length,  all  the  water  could  not  drain  back  to  the  main  stream, 
after  the  flood  had  passed  off,  particularly  as  has  been  already  shown,  the 
ground  is  much  lower  away  back  from  the  river  than  at  its  banks.  To 
get  rid  of  this  water,  syphons  with  spoon-mouthed  opening  at  both  ends 
should  be  provided,  so  that  though  the  water  could  rush  through  the  greater 
length  of  the  syphon  at  a  velocity  of  even  10ft.  a  second,  yet  it  would 
approach  and  leave  the  syphon  at  the  natural  velocity  of  perhaps  not  more 
that  2ft.  a  second.  Thus  no  violent  action  could  take  place  either  above  or 
below,  and  at  the  points  of  admission  and  egress,  the  water  would  have  the 
proper  level  of  silt  due  to  its  velocity. 

From  all  the  author  has  read,  seen,  or  heard,  he  cannot  help  thinking 
that  a  large  proportion  of  the  late  accidents  on  works  in  India  is  to  be 
attributed  to  the  causes  assigned  in  this  paper,  namely,  the  excessive 
velocity  given  to  a  stream  that  has  already  been  partially  deprived  of  its 
natural  load  of  earthy  matter,  thereby  causing  a  violent  action  below,  mid 
sometimes  even  above  bridge.  The  importance  of  the  questions  now  ' 
raised  as  to  bridging  riven  in  India  is  daily  becoming  greater,  for,  while 
this  paper  was  being  prepared,  the  Government  of  India  has  determined  i 
to  construct  the  Lahore  and  Peshawar  Railway,  which  line  must  cross, ! 
not  only  the  Ravee,  the  Chenab,  and  the  Jailhm,  but  also  the  Indus  pass* 
ing  over  the  Richna  Doab,  which  has  above  been  described.  Should, 
therefore,  the  suggestions  now  made  bo  correct,  it  is  evident  that  hun- 
dreds of  thousands  of  pounds  maybe  saved  by  adopting  them,  and  thus, 
what  is  supposed  to  be  one  of  the  most  difficult  lines  to  construct  in  India 
may,  after  a  proper  knowledge  of  these  laws  is  arrived  at,  enable  the  engi- 
neer to  make  this  line  of  railway,  and  with  perfect  confidence  of  SO 
at  possibly  less  cost  than  many  of  those  now  constructed,  The  author 
would  only  now  add  that  the  knowledge  of  the  abrading  and  transporting 
power  of  water  is  not  only  desirable  in  designing  roads,  railways,  or 
canals,  but  affects  every  question  connected  with  hydraulic  works  in  all 
countries.     It  would  occupy  too  much  time  evcu  to  allude  to  them,  but  hfl 


Mr.  Bateman  :  There  can  be  no  doubt  of  the  importance  of  this  question, 
in  considering  the  great  mischief  done  for  want  of  proper  c  rasideration  in 
leaving  insufficient  opening;   for  the   waterways  of  river*.      I  can  iusl  m  v 
places  in  this  very  country — spots  that  are  very  well  known.     For  instance, 
there  is  a  case  in  the  valley  of  the  Clyde,  close  by  Carstaire.    I  had  oce  ision 
to  investigate  the  question  of  floods  in  that  river.     I  found   them  I 
moderate  floods,  but  no  means  existed,  although  the  engineer  of  the  railway 
had  allowed  three  or  four  times  as  much  in  the   way  or  bridge  openings  ■  - 
he  had  ever  allowed  before  in   the  course  of  a   line,  to  allow  the   wal 
escape  quick  enough.      In  these  huge  valleys  in  India  it  must  be  vei\  diffi- 
cultto  give  a  sufficient  amount  of  waterway  in  tbe  same  manner  as  it  pre- 
viously existed;  for  whilst  it  flowed  all  over  tho  valley,  the  water  comes 
down  with  less  velocity,  so  that  every  impediment  opposed  to  11  I    i 
lute  obstruction.    You  cannot  pass  the  Mime  volume  of  m 
contracted  opening  without  its  obtaining  a  higher  vel  icity.    The  que 
will  no  doubt  attract,  more  and  more,  the  attention  of  railway  eng 
they  find  themselves  beaten  by  water.    The  question  is  one  of  wonderful 
interest,  but  it  is  too  large  a  one,  as  thech  tirms 
an  incidental  allusion  to  in  this  section. 

Sir  John  Bowling;  I  certainly  oannol  go  into  any  of  these  scientific 
questions  that  have  been  to  ably  dlscu     d  hero j  but  at  a  travelli 
unfamiliar  with  the  Oriental  Lands,  1  am  bound  to  bear  testimony,  mj 
grateful  testimony,  to  the  immense    irvii     thai  has  bain  rendered  to  toe 
Oriental  world  by  the  attention  that  haa  been  given  to  its  lata 
great  in t  - 1  only  of  the  locality,  and  tns 

which  wo  in  England  avail  ooi  i  foly,  bul  raalli  of  the  whole 

world.     I  cannot  imt  oontMSl   the  oondltlon  ol   lii  ti  b  India  under  British 
rule  with  tl  inditlon,  whether  ander  the  Hindoo  or  thi  Hnamlman. 

[  am  quite  certain  that  those  anseiontifla  raoex  would  never  hive  boon 
enabled  to  do  w]  ■  •■  done,  and  whal   II  is  our  b  londeo  d  il 

in  tin  t'uimv,  for  in  ruling  that  oonntry  we  in.  or  \-  rj  .-■•  il  ity, 

and  this  responsibility  oartololy  ougbl  Hswi 

hear.)     We  should  ooi  ot  the  math 

Oriental.    0  oountry  bthat 
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they  do  recognise  our  superiority,  and  feel  the  value  of  our  presence.  I  may 
say  a  word  or  two,  founded  on  observations  made  when  charged  with  impor- 
tant functions  in  some  of  those  regions,  in  testimony  of  the  thankfulness 
which  I  am  sure  will  be  reflected  in  the  Indian  mind  for  the  services  ren- 
dered. 

Mr.  Bateman :  One  point  I  forgot  to  mention  is  as  to  the  gradual  rising 
of  the  beds.  Almost,  as  a  rule,  I  think  the  beds  of  rivers  do  rise  constantly 
and  gradually.  The  question  of  the  rising  of  the  beds  of  the  rivers  is  equal 
in  importance  as  the  openings  of  the  bridges  where  you  have  to  construct 
bridges  across  them,  for  you  have  to  take  that  into  consideration,  and  make 
future  provision.  I  believe  it  is  a  universal  belief  that  the  beds  of  rivers 
do  rise. 

Mr.  Vignoles,  F.R.S. :  My  experience  of  rivers  in  different  parts  of  the 
world  quite  confirms  the  great  probability  of  the  change  in  the  direction  of 
the  rivers.  A  large  bridge  I  built  in  Russia  about  twenty  years  ago, 
situated  on  the  branch  of  a  river,  before  we  finished  it  seemed,  in  all  prob- 
ability, very  likely  to  be  left  dry,  and  of  the  river  assuming  a  new  channel. 
No  observation  or  report  I  could  make  to  the  Government  would  induce 
them  to  take  timely  measures  to  prevent  that.  Fortunately  for  the  bridge 
and  the  Government,  the  accidental  grounding  of  a  barge  at  one  of  the 
upper  points  of  the  river  created  such  an  obstruction  at  the  point  where 
the  deviation  was  likely  to  take  place,  that  up  to  the  present  time  the  river 
continues  in  its  old  course.  The  latest  accounts  I  have  received,  however, 
inform  me  that  that  cause  is  now  removing,  and  unless  some  great  remedial 
measures  are  taken,  this  grand  bridge,  which  cost  half  a  million  of  money, 
and  which  is  half  a  mile  long,  is  likely  to  be  left  without  a  Tiver  to  span. 
What  Mr.  Bateman  has  referred  to  with  reference  to  the  Clyde,  I  had  a 
similar  case  in  the  Brazils.  We  thought  we  had  provided  in  every  possible 
manner  for  the  outfall  of  the  water.  But  the  water  falling  in  those  tro- 
pical countries  in  such  enormous  volumes,  it  came  with  such  great  velocity 
that  it  spread  all  over  the  plains,  and  the  amount  of  waterway  required  fell 
beyond  any  probable  calculation.  It  is  the  same  in  Spain.  In  many  of 
the  large  rivers  there  the  water  comes  down  from  the  hills  with  such  velo- 
city that  none  of  the  channels  are  able  to  take  it,  and  it  spreads  over  a  large 
surface.  They  have  these  bridges,  but  nothing  will  prevent  the  natural  flow 
of  the  water,  and  the  continual  recurrence  of  the  same  accidents.  Therefore, 
I  for  one  felt  very  great  interest  in  the' paper,  and  I  am  exceedingly  anxious 
that  the  attention  of  the  Government  should  be  called  to  the  subject,  with 
a  view,  if  possible,  of  making  some  experiments,  and  laying  down  principles 
for  the  carrying  out  of  those  works  which  Mr.  Login,  from  his  experience, 
suggests.     (Applause.) 

Mr.  Martin :  I  may  mention  the  case  of  a  large  river  in  South  Australia. 
For  a  great  distance  the  banks  on  either  side  of  the  main  river  are  very 
high,  reaching  70  or  80  feet,  and  where  the  river  runs  close  to  tbese  banks 
they  are  precipitous;  but  on  the  other  side  they  shoal  away,  and  the  river 
runs  in  a  circuitous  manner  through  those  banks.  But,  unfortunateiy,  the 
river  was  not  guided  in  its  course  by  these  high  levels.  The  plain  behind 
the  river  is  lower  than  the  margin  of  the  river  itself,  and  when  the  floods 
come  down  from  the  melting  snow  on  the  mountains,  the  water,  instead  of 
running  down  those  natural  channels,  flows  upwards,  and  overflows  the 
banks  at  the  lower  part  of  the  bend,  falling  into  pools  which  are  evidently 
portions  of  the  old  bed  of  the  river.  As  to  the  inundation  syphon,  however 
well  it  may  be  designed  for  carrying  the  water  off,  I  am  afraid  it  must  in- 
evitably become  choked  when  it  returns,  for  I  think  the  velocity  is  insuffi- 
cient to  keep  the  sand  and  silt  in  suspension. 

Mr.  Pole :  I  have  nothing  to  add  to  the  paper  hardly,  but,  in  corrobora- 
tion of  what  Mr.  Bateman  said  with  reference  to  the  rising  of  the  beds  of 
rivers,  a  remarkable  instance  occurs  in  the  great  river  that  traverses  the 
plains  of  Lombardy.  Owing  to  the  great  quantity  of  material  brought 
down  from  the  Alps,  we  find  a  similar  condition  of  things,  exactly  the  re- 
verse of  what  we  are  acsustomed  to.  Generally,  when  approaching  a  river 
we  have  to  descend ;  there  it  is  exactly  the  reverse.  Not  only  the  main 
river,  but  the  side  rivers  are  at  a  higher  level  than  the  adjoining  land.  The 
phenomenon  is  a  very  curious  one,  and  gives  rise  to  a  great  deal  of  trouble. 
The  subject  of  the  construction  of  bridges  in  India  is  very  much  too  large 
to  be  discussed  here  with  satisfaction.  The  observations  of  Mr.  Login,  I 
am  sure  are  of  great  value,  and  will  be  prized  by  those  who  read  them. 
(Loud  cheers.) 

Sir  William  Tite,  M.P.,  F.R.S. :  I  can  corroborate  the  last  speaker  with 
regard  to  what  he  has  said  concerning  the  plains  of  Lombardy,  and  there  is 
another  marked  instance  of  the  same  thing  in  the  case  of  the  Po  quite  as 
curious.  The  river  is  reached  by  an  ascent,  and  it  runs  high  above  the 
natural  level  of  the  land.  It  is,  doubtless,  due  to  the  fact  that  the  river 
carries  with  it  a  great  amount  of  alluvial  matter  which  accumulates,  and 
makes  not  only  the  banks  but  the  bed  of  the  river  to  rise  as  it  becomes 
loaded  with  this  alluvial  matter. 

Mr.  Bateman  :  I  have  hardly  done  justice  to  the  alarming  danger  which 
hangs  over  the  plains  of  Lombardy  on  account  of  the  height  of  these  rivers. 
There  is  every  danger  of  the  rivers  bursting  the  banks  and  flowing  into  the 
lower  ground,  as  is  threatened  in  Holland.     The  Vistula  is  very  much  the 


same,  and  it  may  be  seen  in  a  very  interesting  manner  in  a  gradual  state  of 
progress  a  little  to  the  westward  of  the  town  of  Marge,  on  the  Lake  of 
Neufchatel.  There  twenty  or  thirty  little  streams  come  from  the  moun- 
tains on  either  side,  and  little  artificial  embankments  are  made  on  either 
side  by  the  deposit  brought  down.  These  little  streams  stand  5ft.  or  6ft. 
above  the  level  of  the  surrounding  la  t  i,  and  the  operation  of  the  formation 
of  the  embankment  may  be  watched  e  >  ry  day. 

Mr.  Login :  After  the  manner  the  p  .per  has  been  received  it  is  no  use 
my  saying  much.  Of  course  we  all  know  rivers  do  rise  in  their  beds,  and 
the  great  question  was  whether  there  was  a  general  depression.  My  theory 
is  that  they  are  rising,  and  that  formerly  these  were  lower  and  ran  with 
greater  velocity,  so  as  to  carry  on  boulders.  If  these  deposits  go  on  until 
the  river  is  raised  50ft.  or  60ft.  the  consequence  is  that  the  foundations  of 
the  bridges  must  be  sunk  through  the  deposit.  With  reference  to  the  ques- 
tion Mr.  Bateman  asked  me,  we  must  have  embankments  crossing  rivers  of 
thht  kind ;  but  on  the  Punjaub,  where  we  have  very  level  lines,  and  floods 
only  lasting  about  twelve  hours  in  the  whole  year,  the  question  is,  is  it  not 
proper  to  allow  the  small  flood  of,  perhaps,  18in.  or  1ft.  to  pass  over  the 
rails.  I  contend  that  the  flood  would  leave  the  line  just  as  it  found  it, 
because  the  water  would  pass  over  the  line  without  doing  it  any  injury,  the 
only  inconvenience  being  that  it  would,  perhaps,  stop  the  traffic  for  about 
twelve  hours  a  year.  The  saving  would  be  very  great,  for  we  should  be 
able  to  construct  a  line  for  about  half  the  price ;  and  therefore  I  say,  hun- 
dreds of  thousands  of  pounds  may  be  saved  by  my  plan.  It  has  been  tried 
on  twenty-five  miles  of  the  Scinde  Railway  with  perfect  success.  The 
water  passed  over  the  line  with  no  increase  of  velocity,  for  the  moment 
you  increase  the  velocity  the  water  will  make  a  cutting,  whatever  the 
embankment  may  be. 

The  President :  I  proposed  that  we  pass  a  vote  of  thanks  to  the  author 
of  this  valuable  paper.     (Applause.) 


THE  RESISTANCE  OF  ARMOUR  PLATES. 

On  the  Penetbation  of  Aemoue  Plates  with  Long  Shells  having 
Large  Bursting  Charges,  iteed  obliquely. 

By  Joseph  Whitworth. 

At  the  meeting  of  the  British  Association  at  Norwich  last  year,  I  con- 
tributed a  paper  to  the  Mechanical  Section  "  On  the  Proper  Form  of 
Projectiles  for  Penetration  through  Water."  This  paper  was  illustrated  by 
diagrams  showing  the  effects  proper  on  an  iron  plate,  immersed  in  a  tank 
of  water  by  projectiles  with  flat-hemispherical,  and  pointed  heads.  In 
that  paper  I  claimed  for  the  flat-fronted  form  of  projectiles  made  of  any 
metal  three  points  of  superiority  over  the  Palliser  projectiles  adopted  in 
the  service. 

1.  Its  power  of  penetrating  armour  plates  even  when  striking  at  extreme 
angles. 

2.  Its  large  internal  capacity  as  a  shell. 

3.  Its  capability  of  passing  undeflected  through  water  and  penetrating 
armour  below  the  water  line. 

This  latter  feature  was,  I  think,  satisfactorily  proved  by  the  experiments 
described  last  year,  and  I  now  desire  to  draw  the  attention  of  the  section 
to  the  experiments  I  have  made  for  illustrating  the  penetrative  power  of 
long  projectiles  with  the  flat  front,  fired  at  extreme  angles  against  iron- 
plates. 

These  experiments  are  illustrated  by  the  projectiles  actually  fired,  and  the 
plates  they  penetrated,  which  are  laid  on  table. 

The  gun  from  which  all  the  projectiles  are  fired,  is  called  3-pounder, 
though  capable  of  firing  much  heavier  projectiles ;  it  weighs  315  lb.  and 
the  maximum  diameter  of  its  bore  is  1.85.  The  charge  of  powder  used  in 
all  cases  was  10  oz.,  and  the  weight  of  the  6  diameter  projectiles  is  6  lb 
No.  1  is  a  portion  of  a  plate  2  in.  thick,  penetrated  by  the  6  diameter  flat- 
fronted  projectile,  at  an  angle  of  35°. 

No  2  is  a  similar  piece  of  plate  1.7  in.  thick,  completely  traversed  at  an 
angle  of  45°  by  the  flat-fronted  projectile  No.  2,  which  buried  itself  to  a 
depth  of  30  in.  in  a  backing  of  iron  borings. 

No.  3  is  a  piece  of  plate  1.75  in.  thick,  penetrated  at  an  angle  of  65°  by 
the  flat-fronted  projectile  No.  3. 

No.  4  is  a  plate  1.7  in.  thick  nearly  penetrated  at  an  angle  of  45°  by  the 
flat-fronted  projectile  No.  4. 

No  5  is  a  plate  Ik  in.  thick,  against  which  the  pointed  projectile  No.  5 
was  fired  at  an  angle  of  45°.  The  projectile  failed  to  penetrate  the  plate, 
being  deflected  by  the  pointed  form  of  end;  the  distortion  of  its  shape 
shows  the  force  with  which  it  struck  the  plate,  and  proves  the  excellent 
quality  of  the  material  which  could  resist  such  a  test. 

No.  6  is  a  plate  also  H  in-  thick,  against  which  a  Palliser  projectile  2i 
diameters  long  made  of  Pontypool  iron  with  the.pointed  form  of  head  has 
been  fired;  the  projectile  has  scooped  out  a  furrow  4  in.  long  and  7-10  in. 
deep.  It  broke  up  into  fragments,  of  which  48  were  recovered.  The 
plates,  No.  1  and  3,  were  purposely  thicker  than  the  projectiles  could  quite 
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pass  through,  in  order  that  the  "  work  "  of  the  projectiles  might  be  as 
severe  as  possible ;  an  examination  of  the  projectiles  themselves  will  show 
how  well  they  have  withstood  the  severe  strain  to  which  they  have  been 
subjected.  The  data  thus  obtained  fully  establish,  I  think,  the  superiority 
I  claimed  for  the  flat-fronted  projectiles  made  of  my  metal,  and  satisfac- 
torily prove : 

1.  That  the  flat-fronted  form  is  capable  of  piercing  armour  plates  at  ex- 
treme angles. 

2.  That  the  quality  of  the  material  of  the  shell  enables  their  length  to 
be  increased  without  any  risk  of  their  breaking  up  on  impact,  and  thus 
increases  their  capacity  as  shells. 

3.  That  this  increase  in  length,  while  adding  to  the  efficiency  of  the 
projectile  as  a  shell,  in  no  way  diminishes  but  increasss  its  penetrative 

ower. 

4.  That  the  amount  of  rotation  I  have  adopted  in  my  system  is  suffi- 
cient to  insure  the  long  projectile  striking  "  end  on,"  and  thus  to  accumu- 
late the  whole  effect  of  the  mass  on  the  reduced  area  of  the  flat  front. 

These  experiments  show,  further,  that  the  Palliser  projectiles  fail  to  pene- 
trate when  striking  at  an  angle,  solely  on  account  of  the  form  of  the  head ; 
the  Whitworth  projectile,  which  resisted  the  shot,  and  did  not  break  up, 
being  deflected  in  precisely  the  same  mauner  as  the  Palliser  projectile 
which  was  shivered  into  fragments. 


same  plate  at  the  same  angle,  in  order  to  compare  the  effect  produced  ou  a 
larger  scale  on  plate  No.  6.  It  is  interesting  to  observe  how  closely  the 
effects  obtained  with  the  small  calibre  of  the  rifle  agree  with  those  of  the 
3-pounder  gun,  which  form  the  subject  of  this  paper.  These  experiments 
were  made  with  a  gun  of  small  calibre  from  considerations  of  economy  and 
convenience,  but  I  always  found  that  what  I  could  do  with  the  smaller 
calibres  of  my  svsU><n  could  be  reproduced  in  the  larger  sizes,  and  from 
my  past  experience  I  /eel  warranted  in  asserting  that  the  effects  of  pene- 
tration now  exhibited  c^u^  be  repeated  on  a  proportional  scale  with  my 
9  in-  guns  at  Shoeburyness,'  or  n  in-  &"113  mT  firm  are  "ow  engaged  m 
constructing. 

A  glance  at  the  formidable  n'»ture  of  the  projectiles  thrown  by  these 
guns,  and  a  consideration  of  the  e&cts  theJ  mav  **-'  expected  to  produce, 
will  show  the  importance  attaching  to  the  question  of  penetration  of 
plates  by  long  projectiles.  The  9  in.  gi/os,  to  which  I  have  referred,  weigh 
15  tons  each,  and  are  capable  of  firing  powder  charges  of  50  lb.  A  9  in. 
shell  five  diameters  long  weighs  535  lb.,  »dl  Wl11  contain  a  bursting  charge 
of  25  lb.  I  have  no  hesitation  in  saying  that  tnest'  projectiles  would  pierce 
tbe  plated  side  of  a  ship,  at  a  distance  of  2,000  >'ards.  and  at  «»ne  depth 
below  the  water-line.  The  11  in.  guns  will  weigh  -"•7  tons  each,  and  will  be 
capable  of  firing  901b.  powder  charges.  The  11  ii/-  she11  nve  diameters 
long  will  weigh  965  lb.,  and  will  contain  bursting  cha/ges  of  46  lb.,  and 


FLAT-HEADED  SHELLS,  SIX  DIAMETERS  LONG,  CONTAINING  BURSTING  CHARGES 


Fig.  1. 


Fig.  2. 


Fig.  3. 


FUT-BEiDBD    SnOBT  SHELL. 


FOINIED    SOLID    6HOT. 


rOIXTBD    iO    ID     SHOT. 


The  objections  I  made  in  my  paper  hurt,  year  to  the  Palliser  projectile — 
1st,  that  its  form  of  head  causes  it  to  glance  off,  and,  2nd,  that  the  brittle- 
ne»s  of  its  material  causes  it  to  break  up  on  impact — I  have  now  proved 
to  this  section.  The  facts  illustrated  by  these  experiments  are  not  of 
recent  discovery  :  ever  since  1858  I  have  experimented  upon  and  advocated 
the  flat  front:  I  have  on  the  table  a  small  plate  |  in.  thick  experimented 
upon  in  18G2  with  hardened  steel  bullets  fired  from  my  mudl-bOM  rifle, 
No.  39  is  the  hole  made  by  a  flat-fronted  bullet,  which  has  penetrated  the 
plate  at  an  angle  of  45°.  No.  40  is  the  indent  of  a  hemispherical-beaded, 
and  No.  41  of  an  ordinary  round-nosed  bttllet,  both  tired  at  the  same  nntrl<- 
of  45°;  these  tliroo  rounds  were  Bred  in  1S02. 

Within  the  last  few  days  I  have  bad  a  ralli-cr-shaped  bullet  tired  on  the 


would  pierce  the  side  of  the  ship  Hercules  plated  with  9  in.  armour  at  • 
distance  of  2,000  yardi.  Wire  it  not  that  the  increase  d  deaf  rod  1 1  eneea  of 
war  must  tend  to  shorten  its  duration,  and  diminish  its  frequency,  Ural 
saving  human  life,  the  invention  of  such  projectiles  could  bard!] 
Bed  ;  but  believing  in  the  pacific  Influences  or  the  mart  powerful  in<uusof 
defence,  I  have  named  these  long*  projectilet  the  "  Inti-war  *  shell. 
The  principle  1  bave  always  [nutted  upon,  and  laid  down  lor  mj  guld> 

anec  in  artillery  experiments,  when  either  a  low  I 

required,  is  '•  that  every  gun  should  be  capable  of  antbatandlng  the  lsrgest 
charge  of  powder  that  can  be  profitably  consumed  In  Its  : 

I  bave  drawn  up  a  table  of  the  SUMS  Of  tl"-  borfl  of  n>>  gUUS,  with  their 

proportionate  powder  charges,  and  eun  undertake  thai  they  «h»H  be  fully 
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equal  to  this  duty,  and  realise  the  highest  possible  consumption  for  a  given 
quantity  of  powder.  But  the  guns  adopted  in  our  naval  service  are  not 
equal  to  such  a  test,  nor,  as  I  believe,  are  they  proportioned  as  to  realise  the 
best  effect  from  the  quantity  of  powder  they  consume. 

Four  guns  of  12  in.  bore  have  lately  been  put  on  board  the  Monarch,  they 
weigh  25  tons  each,  and  fire  charges  of  from  57  lb,  to  67  lb.,  and  projectiles 
of  600  lb.  weight. 

I  have  no  doubt  that  these  guns  have  been  made  with  all  possible  care, 
and  are  as  strong  as  their  material  and  construction  admit  of  their  being ; 
but  if  the  weight  of  these  guns  was  in  proportion  to  the  capacity  of  their 
bore,  and  the  material  was  the  best  that  our  metallurgical  skill  could  sup- 
ply for  such  a  purpose,  they  ought  to  fire  117  lb.  of  powder,  and  pre- 
jectiles  of  1,250  lb.  weight.  These  would  then  be  indeed  efficient  weapons, 
but  at  present  they  are  more  formidable  in  name  than  in  reality.  We 
are  often  flattered  by  being  told  that  we  have  the  best  guns  in  the  world  ; 
that  may  or  may  not  be  the  case ;  but  I  think  we  should  not  rest  con- 
tented while  we  are  still  so  far  from  having  attained  all  that  our  present 
advancement  in  mechanieal  and  metallurgical  science  has  rendered  possible 
to  us. 

Paeticulabs  op  Ammunition  fob  Whitwobth  Guns,  ebom  5-5in.  to 
13in.  Bore. 


Common  Shells,  Cast  Iron 

Armour  Shells,  Whitworth 

3'5  Diameters  Long. 

Metal,  5  Diameters  Long. 

Calibre  of 

Powder 

Bursting 

Weight  of 

Bursting 

Weight  of 

Bore. 

Charge. 

Charge. 

Shell. 

Charge. 

Shell. 

in. 

lb. 

lb. 

lb. 

lb. 

lb. 

55 

11-0 

4-0 

70 

6-0 

120 

7-0 

23-0 

8-5 

150 

12-0 

255 

8-0 

34-0 

13.0 

220 

18-0 

375 

9-0 

50-0 

18-0 

320 

25-0 

535 

100 

70-0 

24-0 

440 

35-0 

740 

11-0 

90-0 

32-0 

580 

45-0 

965 

12-0 

117-0 

40-0 

750 

58-0 

1250 

13-0 

150-0 

51-0 

960 

75-0 

1615 

Mr.  Whitworth's  patent  cartridge  increases  the  range  from  15  t-0  20  per  cent. 


THE  RESISTANCE  OP  VESSELS. 


First  Report.    Peepaeed  foe  the  Committee  bt  Me.  C.  W.  Meeeifield. 

The  subject  referred  to  us  is  a  very  large  one  ;  and  having  regard  both  to  the 
space  which  a  complete  report  on  such  a  matter  would  require,  and  to  the  time 
at  our  disposal  for  making  it,  we  have  thought  it  best  to  lay  before  the  present 
meeting  a  first  report,  in  which  we  confine  ourselves  to  the  resistance  which 
ships  offer  to  propulsion,  and  to  their  behaviour  in  respect  of  rolling.  These 
are,  in  their  several  directions,  the  preliminary  subjects  to  the  inquiry  committed 
to  us ;  and  they  are  also  the  parts  of  naval  science  on  which  exact  experiment 
appears  to  be  most  urgently  needed,  both  for  the  direct  knowledge  of  these 
branches,  and  also  as  a  foundation  for  experiments  on  propulsion  and  the  other 
applications  which  depend  upon  them.  Knowledge  of  the  work  to  be  done  should 
precede  the  selection  of  the  tool  with  which  it  is  to  be  performed. 
Resistance. — Totai  Resistance. 

The  question  of  resistance  may  be  treated  in  two  ways — either  in  gross,  as 
regarding  the  power  to  drive  a  vessel  of  certain  form  and  dimensions  at  a  speci- 
fied rate ;  or,  in  detail,  as  regarding  the  exact  way  in  which  the  vessel  and  the 
propeller  act  and  re-act  upon  the  water  which  they  disturb.  Hitherto  there  has 
been  but  little  connection  established  between  the  phenomena  of  detail  and  the 
general  result,  the  former  not  being  understood  with  any  reasonable  degree  of 
certainty,  and  the  latter  also  being  far  from  settled  with  precision. 

The  variable  elements  which  go  to  make  the  resistance  what  it  is  are  chiefly 
velocity,  form,  condition  of  surface,  and  absolute  dimension.  The  effect  of  form 
is  as  varied  as  the  number  of  forms  which  can  be  given  to  a  floating  bod}'.  As 
regards  dimension,  assuming  the  forms  to  be  geometrically  the  same,  it  has  been 
found  that  vessels  of  different  absolute  size  do  not  correspond  in  the  degree  of 
resistance  which  they  encounter,  whether  in  smooth  water  or  in  waves.  It  will 
also  be  seen  that  the  absolute  length  of  a  ship,  considered  irrespectively  of  breadth 
or  depth,  has  a  direct  influence  on  the  resistance. 

As  regards  velocity,  it  is  usual  to  assume,  in  books  on  hydrodynamics,  that  the 
resistance  of  water  varies  as  the  square  of  the  speed.  For  the  purposes  of 
naval  architecture,  this  can  only  be  taken  to  be  roughly  true  under  certain 
limiting  conditions,  beyond  which  the  law  of  the  squares  deviates  widely  from 
the  observed  facts.    It  appears  to  be  probable  that  this  increase,  as  the  square 


of  the  speed,  is  rather  a  minimum  than  a  general  rule  of  increase,  and  that  such 
a  minimum  is  only  attained  by  ships  of  good  form  and  of  a  length  which  is  a 
certain  function  of  the  speed.  The  vague  words,  "  Good  Form,"  are  used  de- 
signedly, it  being  still  uncertain  what  the  best  form  may  be  and  what  extent  of 
deviation  from  it  takes  the  vessel  out  of  its  operation.  When  the  vessel  is 
shorter  than  a  certain  limit  of  length  depending  on  the  velocity,  the  resistance 
seems  to  increase  more  rapidly  than  t'  i  square,  and  the  power  needed  to  drive 
the  ship  consequently  increases  faster  ti  -  n  the  cube  of  the  velocity. 

It  may  save  confusion  to  remark  that  the  measure  of  resistance  is  referred  to 
a  unit  of  distance,  while  power  is  referred  to  a  unit  of  time.  For  any  law  of 
resistance,  therefore,  the  power  varies  as  the  product  of  the  resistance  and 
speed,  and  where  the  velocity  varies,  we  have  simply  to  use  the  corresponding 
integral  formula. 

As  already  remarked,  the  leading  formula?  of  the  resistance  of  water  are 
R  a  V2,  H  P  oc  R  V  a  V3, 
the  latter  being  the  strictly  necessary  consequence  of  the  former.  There  is  but 
little  disagreement  among  writers  up  to  this  point.  But  the  moment  we  at- 
tempt either  to  assign  values  to  the  constants  of  the  equations  which  they  imply, 
or  to  introduce  the  corrections  depending  on  the  complex  phenomena,  which 
always,  more  or  less,  mask  the  mere  question  of  fluid  resistance,  we  find  very 
little  agreement. 

The  chief  elements  of  the  resistance  of  water  to  a  body  moving  through  it 
are — 

1.  The  direct  head  resistance  due  to  the  work  of  thrusting  the  water  to  the 
right  or  left,  with  or  without  vertical  motion,  in  order  to  make  way  for  the 
body  to  pass. 

2.  The  skin  resistance  or  friction  of  the  water  on  the  surface  of  the  moving 
body,  combined  with  the  effect  of  surface  eddies  and  other  minute  phenomena. 

3.  The  back  pressure,  due  to  the  diminished  pressure  in  rear  of  the  moving 
body,  and  in  wake  of  any  corners  or  unfairness  of  surface  which  may  cause 
eddies. 

4.  In  addition  to  these,  there  are  the  phenomena  of  capillarity  and  of  the 
viscosity  of  water.  These  are  of  importance  as  regards  minute  bodies,  including 
even  small  models.  But  for  large  ships  they  are  sufficiently  accounted  for  in 
the  arbitrary  constant  of  skin  resistance.  This  fourth  head,  may  therefore  be 
neglected,  except  when  we  wish  to  pass  from  ships  to  models. 

For  extreme  shapes  it  does  not  appear  that  the  three  leading  elements  of  re- 
sistance can  be  grouped  under  one  term.  But  there  is  reason  to  believe  that 
for  vessels  of  a  certain  form  they  all  involve,  with  a  respectable  degree  of 
approximation,  the  square  of  the  velocity,  and  also  that  the  forms,  for  which 
this  is  true,  are  among  those  which  offer,  cceteris  paribus,  the  least  resistance. 
Under  these  circumstances,  the  formula  depending  on  skin  resistance  may  be 
made  to  include  the  other  two  by  merely  altering  the  constants.  We  conjecture 
that,  when  authors  state  that  certain  elements  of  the  resistance  may  practi- 
cally be  neglected,  they  usually  mean  that  they  can  be  accounted  for  in  as- 
signing the  values  to  the  arbitrary  constants,  which  in  any  case  must  be  deter- 
mined from  experiment.  We  have  named  vessels  of  a  certain  form  ;  this  form 
must  be  regarded  as  still  unknown,  except  with  reference  to  some  limitations  of 
a  negative  character,  even  these  being  rather  indefinite.  They  include  a  fine 
entrance  and  a  fine  run,  and  an  absolute  length  of  not  less  than  the  length  of 
the  trochoidal  wave  moving  with  the  same  velocity.  The  actual  determination 
of  the  form  of  least  resistance  is  not  only  unsolved,  hut  the  data  of  the  problem 
are  yet  unknown. 

The  first  formula?  that  occur  are  the  well-known  co-efficients  of  steamship 
performance : — 

Speed3  x  (displacement)J 

Indicated  horse  power. 

(Speed)3  x  area  of  midship  section 

Indicated  horse  power 

As  affording  a  rough  measure  of  comparison,  the  tabulation  of  these  formulae 
for  different  ships  is  extremely  convenient.  But  they  are  of  very  little  assis- 
tance in  settling  a  theory.  Even  for  the  same  vessel,  tried  under  apparently 
similar  conditions,  these  co-efficients  do  not  appear  to  be  constant  quantities. 
Moreover,  the  varying  efficiency  of  the  steam  engine  and  of  the  propeller,  con- 
sidered as  machines  for  the  transmission  of  power,  are  inseparably  grouped  with 
the  work  of  overcoming  resistance.  When  the  consumption  of  coal  is  substi- 
stuted  for  the  I.H.P.,  the  efficiency  of  the  furnace  and  boiler  also  comes  in. 
Some  of  these  remarks  apply  to  Mr.  Hawksley's  approximate  formula  :— 

it  i     ■•.  i.  x  i       -l  o»r  /effective  horse  power  U 

Velocity  m  statute  miles  =  27  I  — -7—5 1 ■     r-,  1  )• 

V  wetted  surface  in  □   / 

But  this  was  only  intended  for  rough  purposes. 

We  may  here  mention  a  formula  given  by  Mr.  Greene  in  a  paper  read  at  the 
Franklin  Institute  of  New  York,  and  reprinted  in  the  Mechanics'  Magazine  for 
8th  July,  1864.  It  proceeds  on  the  assumption  that  the  power  expended  in 
overcoming  back  pressure  and  friction  in  the  engine  varies  directly  as  the 
speed — 

H.  P.  =  D|  V  (-1552  +  -0046846  V2), 

the  constants  being  obtained  empirically. 

Most  modern  formulae  for  resistance  take  account  of  the  form  of  the  vessel 
in  such  a  manner  as  to  require  the  use  of  the  drawings  of  the  exterior  surface 
of  the  ship.  The  Swede,  Chapman,  in  his  well-known  treatise  on  shipbuilding, 
assumes  that  the  surface  of  the  vessel  may  be  divided  into  small  portions,  the 
resistance  of  each  of  which  will  be  proportional  to  its  area,  to  the  sine  squared 
of  the  inclination,  and  to  the  square  of  the  velocit}',  with  a  certain  small  correc- 
tion on  account  of  the  currents  which  are  set  up  by  the  ship's  own  motion,  and 
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which  modify  the  pressures.  But  he  himself  saw  reason  from  subsequent  expe- 
riments to  doubt  whether  the  law  of  the  sine  squared,  or  even  that  of  the 
velocity  squared,  was  applicable  to  the  forms  which  he  used. 

Euler*  and  most  of  the  older  writers  use  the  sine  squared  of  the  inclination, 
as  the  factor  representing  the  effect  of  obliquity ;  and  this  theory  has  been  re- 
vived by  Mr.  Hawksley  in  a  discussion  at  the  Institution  of  Civil  Engineers, 
reported  in  their  proceedings  for  1856,  vol.  xvi.,  page  356.  But  we  think  that 
there  is  now  ample  experimental  ground  for  believing  that,  whether  or  not  this 
law  be  true  with  respect  to  an  infinitesimal  portion  of  a  plane  receiving  the 
impact  of  a  thin  jet  of  water,  it  is  not  true  either  of  plane  surfaces  of  consider- 
able extent,  or,  as  a  differential  formula,  of  curved  surfaces.  It  evidently  fails 
to  take  account  of  the  effect  of  the  stream  which  is  set  up  along  the  surface  in 
deflecting  the  impact  of  water  on  the  part  of  the  surface  further  back  from  the 
entrance.  The  assumption  that  this  has  no  effect  is  not  one  which  can  be  ad- 
mitted without  proof;  and  the  experimental  evidence  tends  the  other  way. 
Chapman's  later  experiments,  and  the  experiments  of  the  French  Academy 
and  those  of  Colonel  Beaufoy.f  are  all  against  the  hypothesis  of  the  sine 
squared  of  the  inclination.  The  supposition  that  the  sine  squared  of  the 
inclination  represents  the  effect  of  the  obliquity  of  the  after-body  is  still  more 
open  to  doubt  than  when  it  is  applied  to  the  fore-body. 

As  a  contribution  to  the  history  of  the  subject,  the  following  translation  from 
a  tract  of  M.  Dupuy  de  Lome  will  be  interesting  : — 

Romme,  in  his  memoir  for  the  Academy  of  Sciences,  in  1784,  while  giving  an 
account  of  the  experiments  made  by  him  at  Rochefort  on  models  of  ships,  one 
which  represented  a  74,  and  again  in  his  work  on  the  Art  de  la  Marine,  had  very 
succinctly  laid  down  that  this  resistance  was  independent  of  form.  "  Provided," 
he  went  on  to  say,  "  the  water-lines  have  a  regular,  fair  curvature,  as  is  the  case 
in  modern  vessels,  the  greater  or  less  fulness  of  the  bow  or  stem  neither  in- 
creases nor  diminishes  the  resistance  of  the  water  to  their  progress." 

In  direct  contradiction  to  this  too  summary  rule,  which  lias  long  .obstructed 
the  progress  of  naval  architecture,  my  experience  leads  to  five  principles,  which  I 
state  as  follows  : — 

1°.  Among  vessels  of  similar  geometrical  form,  cf  different  size,  but  all  having 
their  immersed  surface  exceedingly  smooth,  and  driven  at  the  same  speed,  the 
pressure  needed  to  attain  this  speed  increases  more  slowly  than  the  surface  of 
the  greatest  transverse  section.  It  is  near  the  truth  to  say  that,  for  similar 
forms,  the  resistance  per  square  metre  of  midship  section,  at  the  same  speed, 
decreases  as  the  vessel  increases,  in  the  ratio  of  the  square  roots  of  the  radii  of 
curvature  of  its  lines,  these  radii  being  themselves  proportional  to  the  linear 
dimensions  of  the  ships ;  it  is  therefore  wrong  to  compare  the  resistance  of 
different  ships  by  means  of  experiments  made  on  models  to  reduced  scales.^ 

2°.  If  the  same  vessel  be  driven  at  different  speeds,  the  force  needed  to  obtain 
these  velocities  increases  less  rapidly  than  the  square  of  the  speed,  while  that  is 
small.  The  force  increases  as  the  square  for  ordinary  rates  of  3  to  5  metres  per 
second,  according  to  the  condition  of  the  surface  in  respect  of  smoothness. 
Beyond  that  speed,  it  increases  faster  than  the  square.§ 

3  .  The  diminution  of  the  angle  of  entrance,  and  the  lengthening  of  the  radius 
of  curvature  of  the  lines  which  the  water  .lias  to  follow,  especially  in  the  re- 
placement in  wake  of  the  stern  by  the  water  coming  up  from  below,  are  the 
principal  mean*  of  diminishing  the  resistance.  This  lias  the  greater  influence, 
the  greater  the  driving  power.  For  very  slow  motion,  the  influence  of  form  is 
less  than  that  of  surface  friction. 

1".  The  sharpness  of  the  bow,  both  above  and  below  the  water  line,  which 
has  in  calm  weather  the  effect  just  mentioued,  has  more  marked  advantages  in  a 
heavy  sea-way. 

5°.  The  Bmoothness  of  the  wetted  surface  plays  a  considerable  part  in  the 
resistance  ;  and  this  part,  due  to  friction,  varies  but  little  witli  the  speed. 

I  add  that  the  resistance  of  the  hull  increases  markedly  in  narrow  channels' 
and  still  more  where  the  depth  of  water  does  not  much  exceed  the  draught  of 
the  ship,  so  that  experiments  ought  to  be  made  m  deep  water. 

Finally,  my  numerous  observations  on  the  resistance  of  ships  in  calm  weather 
and  open  sea  agree,  with  a  close  approach  to  exactness,  with  the  following  for- 
inula,  which  1  have-  since  adopted  as  the  measure  of  resistance  : — 


R  =  KS  (V-  +  0-115  V)  +  K1  S'  >  /  V. 


In  this  formula,  I  call — 

S.  the  area  of  midship  section  in  square  inches. 

S\  t!;p  product  i  girth   (wetted),  into   the  extreme  length,  also  in 

square  metres. 

V,  the  speed  in  metres 

K,  i  ■  •  varying  with  the  form,  diminishing  inversely  as   the  square 

root  of  the  radii  of  curvature  of  the  longitudinal  sections,  and  also  diminishing 
with  the  mean  angle  of  entrance.    This  second  reduction  to  about  15 

per  cent.,  as  the  mean  angle  of  entrance  comes  down  from  •1">V  to  15°.  It  is, 
therefore,  about  one-half  ]  r  each  degree  between  those  limits. 
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K1,  a  co-efficient  independent  of  the  form,  and  varying  only  with  the  smooth- 
ness of  the  wet  skin.  This  co-efficient  can  increase  in  the  ratio  of  1  to  10,  from 
0-3  for  bottoms  very  smoothly  covered  with  good  copper,  and  the  heads  of  the 
nails  well  beaten  down,  to  30  for  hulls  covered  with  weed  and  barnacles. 

R  is  the  resistance  expressed  in  kilogrammes,  and  corresponding  to  the 
speed  V. 

For  each  ship  experimented  upon,  two  trials  are  sufficient  to  determine  K 
and  K1. 

For  the  NapoleoD,  while  clean,  the  copper  being  oxidised,  not  greased,  I 
found 

K  =  196        K1  =  0-44 

from  which  I  obtain  for  the  general  expression  for  the  resistance  to  the  passage 
of  the  ship  through  the  water. 

R  =  1-9G  S  (Y-  +  0T45  V3)  +  0-440  S1    y  V. 

A  table  previously  given  shows  that  during  the  trial  trip  of  the  Napoleon,  the 
values  of  S  and  S1  were — 

S  between  990  and  1000  square  metres. 

S1  between  1580  and  1610  square  metres. 

#  *  #  *  » 

The  power  needed  to  obtain  this  speed  is  obtained  from  this  calculation  by 
multiplying  the  resistance,  so  calculated,  by  the  velocity. 

The  above  rendarks  are  translated  from  a  Memoir  published  by  M.  Dupuy  dc 
Lome  on  the  occasion  of  his  candidateship  for  the  French  Academy  in  1665-66. 
It  is  reprinted  in  M.  Flachat's  "  Navigation  a  Vapeur  Transoieanienne,*'  vol.  i., 
p.  206. 

It  may  not  be  out  of  place  to  mention,  in  explanation  of  M.  Dupuy  de  Lomo's 
remarks  about  the  angle  of  entrance,  that  the  architects  of  the  Imperial  Navy 
avoid  the  use  of  the  hollow  bow.  There  is  at  most  a  slight  concavity  at  the 
forefoot.  Hence  the  angle  of  entrance  has  a  meaning  which  is  sometimes  lost 
in  modern  English  practice. 

M.  Bourgois,  in  his  Memoir*  on  the  Resistance  of  Water,  gives  formula;  which 
may  be  grouped  under  the  general  form  of 

R  =  B=V-  (K,  +  K:1Y:  +  K,  ^j 

B:  being  the  area  of  midship  section,  S  the  wet  surface,  and  I  the  breadth  ex- 
treme. Kj,  K;,  and  Ka  are  constants  which  vary  with  different  classes  of 
vessels. 

The  dependance  of  the  resistance  of  ships  upon  the  theory  of  waves  appears  to 
have  been  first  insisted  upon  by  Mr.  Scott  Russell.  That  gentleman  seems  to 
have  been  the  first  to  discover  that  there  was  a  relation  between  the  length  of 
the  ship  and  the  velocity  of  advantageous  propulsion,  this  relation  being  taken 
directly  from  the  theories  of  the  solitary  and  of  the  trochoidal  waves.  We  will 
state  his  theory  of  resistance  in  ns  few  words  as  possible. 

Scott  Russell's  Theory  of  the  Form  of  Ltart  Resistance. 

A  vessel  may  be  divided  longitudinally  into  three  portions — bow,  straight 
middle  body  (if  any),  and  after  body.  The  midship  section  may  be  of  any  shape 
whatever,  the  resistance  due  to  it  depending  on  its  area  and  wet  girth  only. 
The  fore  body  must  have  for  its  level  sections  curves  of  sines  (harmonic  curves) 
whose  equation  may  be  written  as 

x  = ,  y  =  J  b  (1  +  cos.  8), 

/.being  the  half  breadth  of  the  ship  at  any  level,  and  /  the  length  of  the  fore 
body,  which  must  not  be  less  than  the  Length  of  tin-  "Military  nave,  which 
has  the  same  speed  as  the  ship  is  intended  to  have,  in  order  thai  the  resistance 
may  be  the  least  possible.  The  after  body  is  to  have  trochoids  for  its  level  lines, 
their  equation  being 


/'« 


i  I  sin  8,  y  =  i  6  (1  +  cos.  8), 


e1  being  the  length  of  the  after  body,  which  is  not  to  be  less  than  that  of  one- 
half  of  the  oscillating  or  trochoidal  wave  of  the  same  speed  as  the  ship.  The 
straight  middle  body  may  be  of  any  length  whatever,  as  it  will  only  affect  the 
resistance  by  increasing  the  surface  for  friction;  or,  subject  to  these  conditions 
the  resistance  of  the  ship  will  be  expressed  by 

(K  ©  +   JO  S)  V-, 

where  0  represents  the  nrea  of  midship  section,  and  S  the  wetted  surface.  K 
and  K1  are  co-efficient-,  t  In-  former  of  which  may  be  roughly  stated  at  one-tenth 
of  that  due  to  a  tint  plate  drawn  flatwise  through  tin-  water,  and  the  latter 
depending  upon  tiiu  condition  "I  the  suilacc.  Kcr  a  pure  wedge  bow,  whose 
angle  i>   '.  Mr.  Scott  Kutstll  consider!  th»t  the  resistance  varies  IS 


\  a  it  -  «  / 


•  between  thi  Limit*  "f  18°  and  Ml  \  and  where  the  bon 
of  this  and  ol  the  wave  form,  he  gives,  ai  a  rough  measure  ol  tin   ■■■ 
formula  obtained  bj  compounding  this,  in  raeh  proportion  ai  meg  properly 


.    rtrand,  l.d.         •also  i  "miaus  dse 
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represent  the  geometrical  combination  of  form,  with  the  resistance  due  to  the 
wave  form. 

As  far  as  can  be  judged  by  Mr.  Scott  Russell's  published  writings,  there 
appears  to  be  some  unsettled  ground  in  his  theory  relatively  to  the  shape  of 
the  after  body.  The  form  of  the  bow  is  simply  that  of  one-half  the  profile  of  a 
solitary  wave  of  translation,  laid  horizontally  instead  of  vertically.  The  form 
of  the  stern  is  also  taken  from  the  form  of  the  wave,  which  is  set  up  when  a 
hollow  in  the  surface  of  the  water  has  to  be  filled  up  ;  but  it  is  nowhere  made 
clear  whether  this  form  ought  to  be  given  to  the  level  sections,  or  to  the  ver- 
tical longitudinal  sections,  or  whether  some  compromise  should  be  made  be- 
tween the  two;  and  it  seems  probable  that  the  author  himself  was  doubtful 
on  the  subject.  The  experiments  recently  made  under  the  direction  of  the 
Committee  of  the  British  Association  appointed  to  make  experiments  on  the 
difference  between  the  resistance  of  water  to  floating  and  immersed  bodies 
(Report  for  1866,  p.  148),  seem  to  indicate  that  that  doubt  is  still  unsettled. 

Without  hazarding  an  opinion  as  to  whether  this  form  is  really  that  of  least 
resistance,  it  appears  certain  that  the  curves  used  are  among  those  along  which 
fluid  particles  can  glide  smoothly,  without  causing  supernumerary  diverging 
waves  in  the  liquid. 

The  general  formula  for  the  length  of  a  ship  given  by  this  theory  is — 

Fore  body  in  feet  =  — —  V2  in  feet  per  second. 
!J 
After  body  =  %  fore  body. 

The  following  are  the  values  of  the  factor  and  its  logarithm,  which  give  the 
length  of  the  fore  body  in  feet,  when  the  velocity  is  given  in — 

Feet  per  second    0-19,518  log.  =  9-29045 

Knots  per  hour    0-55,610  log.  =  974515 

Statutemiles  per  hour    041,'985  log.  =  9-62310 

Professor  Rankine  states,  as  the  result  of  his  own  observations,  that  it  is 
possible  to  shorten  the  bow  to  two-thirds  of  the  length  given  by  this  formula, 
without  materially  increasing  the  resistance,  but  that  it  is  very  disadvantageous 
to  shorten  the  after  body. 

In  the  "Proceedings  of  the  Civil  Engineers,"  vol.  xxiii.  (for  1864),  p.  321, 
is  a  paper  by  Mr.  G.  H.  Phipps,  on  the  "  Resistance  of  Bodies  passing  through 
the  Water."  Mr.  Phipps  considers  that  the  total  resistance  may  be  subdivided 
as  follows  into  additive  parts — 

Head  resistance — varying  directly  as  the  midship  section,  and  inversely  as  the 
square  of  the  projection  ratio  of  the  bow. 

Stern  resistance — a  similar  function  for  the  stern. 

Friction  resistance — varying  directly  as  the  surface  immersed. 

Additional  head  resistance — an  empirical  correction  assumed  to  be  a  function 
•f  the  immersed  surface,  and  of  the  draught  of  water. 

The  sum  of  these  resistances  is  then  multiplied  by  the  square  of  the  velocity. 

The  paper  was  followed  by  a  discussion,  in  which  most  of  the  leading  English 
writers  on  Fluid  Resistance  took  part.  The  paper  and  discussion  thus  consti- 
tute a  very  fair  resume  of  the  opinions  then  held  on  the  subject  in  this  country. 

Mr.  Phipps  considers  that  the  co-efficient  of  friction  of  water  on  the  outer 
surface  of  a  vessel  is  less  than  on  the  inner  surface  of  a  pipe;  and  this  is,  to  a 
certain  extent,  in  accordance  with  the  experiments  of  Darcy  on  the  friction  of 
water  in  pipes,  which  led  to  the  conclusion  that  the  co-efficient  of  friction  con- 
sists of  two  terms — one  constant,  and  the  other  varying  inverse^  as  the  dia- 
meter of  the  pipe. 

Mr.  John  J.  Thornycroft,  C.E.,  in  a  paper  read  before  the  Institution  of 
jNaval  Architects  this  year,  and  which  will  appear  in  their  forthcoming  volume 
•of  "  Transactions,"  gives  the  following  formula,  the  form  of  which  is  derived 
from  experiments  on  the  flow  of  water  in  pipes  : — 


I.  H.  P 


.  =  V  h  ( 


S/ 


3« 


2n  +  I 


V1*  +  *  s.c. 


w  j  +  3 

n  +  3 


*.} 


Where  S  =  the  wetted  surface, 

V  =  the  velocity  in  knots, 
I   ■=  length. 

flog,  h  =  £65450 

h,f,  n.  C  are  constants  empirically  determined-^  J°=--'   — — . 

1  ■  J  log.  C  =_2j0041 

(_        n  =  380 

<pS  =  /(sin0)2,5<Zs. 

d  s  representing  an  elementary  portion  of  the  surface  S,  and  0  the  angle  which 
this  portion  of  the  surface  makes  with  the  line  of  motion.  It  will  be  noticed 
that  the  formula  involves  a  large  number  of  constants*  more  or  less  arbitrarily 
determined. 

Professor  Rankine,  in  a  paper  in  the  "  Transactions  of  the  Institution  of 
Naval  Architects  for  1864  (the  substance  of  which  is  repeated  in  a  treatise  on 
"  Shipbuilding :  Theoretical  and  Practical"),  states  that  the  processes  amongst 
the  particles  of  water  through  which  resistances  to  the  ship's  motion  may  be 
caused  indirectly,  may  be  thus  enumerated  : — 

1.  The  distortion  of  the  particles  of  water. 

2.  The  production  of  currents. 

3.  The  production  of  waves. 

4.  The  production  of  frictional  eddies. 

The  first  cause  he  regards  as  having  no  appreciable  effect  on  actual  ships, 
although  possibly  sensible  in  small  models.  Of'  the  second  cause  (the  produc- 
tion of  currents),  Professor  Rankine  remarks  that  it  "  never  acts  upon  a  well- 
designed  ship,  for  such  a  ship  is  so  designed  that  the  particles  of  water  glide 


over  her  surface  throughout  its  whole  length,  and  are  left  behind  her  wfSh  no- 
more  motion  than  such  as  is  unavoidably  impressed  upon  them  through  adhe- 
sion and  stiffness ;  and  hence  the  failure  of  the  earlier  theories  of  the  resistance 
of  ships  which  were  founded  on  experiments  made  with  flat  plates,  wedges,  aiwi 
blocks  of  unfair  shapes. 

Dr.  Rankine  then  gives  a  detailed  account  of  the  waves  which  accompany  » 
vessel  driven  at  a  speed  greater  than  the  limit  to  which  she  is  properly  adapted, 
showing  that  they  diverge  from  the  course  of  the  vessels,  at  an  angle  depending 
on  the  proportion  in  which  their  speed  of  advance  is  less  than  her  speed,  and 
thus  carry  off  energy,  which  is  lost ;  and  he  proceeds  to  state : — "  The  conclu- 
sion to  be  drawn  from  these  principles  is  that  for  each  vessel  there  is  a  certain 
limit  of  speed,  below  which  the  resistance  due  to  the  production  of  waves  is 
insensible,  and  that  as  soon  as  that  limit  is  exceeded  that  resistance  begins  to 
act,  and  increases  at  a  very  rapid  rate  with  the  excess  of  speed."  "  Through 
the  discoveries  of  Mr.  Scott  Russell,  a  vessel  can  be  designed  in  which  this 
kind  of  resistance  shall  be  insensible  up  to  a  given  limit  of  speed,  and  there- 
fore the  resistance  due  to  waves  has  no  sensible  action  on  a  well-formed  ship." 
These  remarks,  of  course,  apply  only  to  waves  formed  by  the  ship,  and  not  to 
sea  waves  which  she  may  have  to  encounter. 

"  The  resistance  due  to  frictional  eddies  thus  remains  alone  to  be  considered. 
That  resistance  is  a  combination  of  the  direct  and  indirect  effects  of  the  adhesion 
between  the  skin  of  the  ship  and  the  particles  of  water  which  glide  over  it ; 
which  adhesion,  together  with  the  stiffness  of  the  water,  occasions  the  produc- 
tions of  a  small  whirls  or  eddies,  in  the  layer  of  water  immediately  adjoining 
the  ship's  surface."  Instead  of  assuming  that  the  frictional  resistance  is  simply 
proportional  to  the  actual  immersed  surface,  Dr.  Rankine  uses  what  he  calls  the 
augmented  surface,  which  is  obtained  by  multiplying  each  infinitesimal  element 
of  the  surface  by  the  cube  of  the  ratio  which  the  velocity  of  the  gliding  of  the 
water  over  that  portion  bears  to  the  speed  of  the  ship,  and  summing  them.  Let 
s  be  the  actual  surface,  and  q  the  velocity-ratio  of  gliding ;  then  the  augmented 

surface  is  /  q3  d  s  ;  and  if,  further,  V  be  the  speed,  g,  gravity,  to,  the  heaviness 

of  water,  and  f  the  co-efficient  of  friction,  then 


Eddy  resistance  =  V4/  -^ — C  q3  d  s. 


Taking  the  cubic  foot  as  the  unit —  does  not  differ  much  from  unity  for  sea 
water,  and  the  formula  thus  reduces  to  V"-/  fq3  d  s. 

It  is,  of  course,  impossible  to  calculate  f  q3  d  s  in  detail  for  every  ship,  and 

it  therefore  becomes  necessary  to  find  some  auxiliar3r  formula.  In  the  "  Philo- 
sophical Transactions"  for  1863,  pp.  134-7,  Mr.  Rankine  has  shown  that  the 
augmented  surface  of  a  trochoidal  riband  on  a  given  base  and  of  given  breadth 
may  be  found  by  multiplying  their  product  by  the  following  co-efficient  of  aug- 
mentation— 

1+4  (sin  <p)°  +  (sin  <J>)4 

in  which  <p  is  the  angle  which  the  inflexional  tangent  makes  with  the  base.  For  a 
ship  in  which  the  stream-lines  or  tracks  of  the  particles  of  water  are  trochoids 
it  would  be  a  sufficient  approximation  to  integrate— 

length  x  ^  breadth  x  |l  +4  (sin  <J>)2  +  (sin  <|>)4  I 

with  regard  to  the  draught  of  the  water,  considering  both  the  angle  <p  and  the 
half-breadths  as  variable  elements  to  be  determined  from  the  drawings.  Where 
the  stream-lines  are  not  trochoids,  >t>  may  be  taken  as  the  angle  of  greatest 
obliquity.  But  the  theory  has  been  only  partially  extended  to  three  dimen- 
sions ;  and  indeed,  if  it  were  possible  to  do  so,  the  mere  introduction  of  a  third 
variable  would  not  meet  the  case,  unless  account  were  taken  of  the  vertical 
displacement  of  the  surface  of  the  water,  consequent  upon  the  uniformity  of 
pressure  at  that  surface. 

The  resistance  determined  by  the  calculation  of  the  augmented  surface  includes 
in  one  quantity  both  the  direct  adhesive  action  of  the  water  on  the  ship's  skin, 
and  the  indirect  action  through  increase  of  the  pressure  at  the  bow  and  diminu- 
tion of  the  pressure  at  the  stern. 

For  the  coefficient  of  friction,  Professor  Rankine  takes/ =  0-0036  for  surfaces 
of  clean  painted  iron.  This  is  the  constant  part  of  the  expression  deduced  by 
Professor  Weisbach  from  experiments  on  the  flow  of  water  in  pipes.  The 
corresponding  coefficient  deduced  from  Darcy's  experiments  is  0'004. 

The  augmented  surface  in  square  feet,  multiplied  by  the  cube  of  the  speed  in 
knots,  and  divided  by  the  I.H.P.,  gives^Rankine's  coefficient  of  propulsion.  In 
good  clean  iron  vessels,  this  ranges  about  20,000 ;  while  in  H.  M.  yacht  Victoria 
and  Albert  (copper  sheathed),  it  reached  21,800.  Its  falling  much  below  20,000 
is  considered  to  indicate  that  there  is  some  fault  either  in  the  ship,  or  in  her 
engines  or  propeller;  or  else  that  the  vessel  is  driven  at  a  speed  for  which  she  is 
not  adapted. 

Professor  Rankine  adds,  that  "  as  for  misshapen  and  ill-proportioned  vessels, 
there  does  not  exist  any  theory  capable  of  giving  their  resistance  by  previous 
computation." 

This  again  raises  the  question  :  What  are  good  forms  ?  According  to  Pro- 
fessor Rankine's  theory,  they  are  forms  along  which  a  particle  of  water  can  glida 
smoothly.  Among  these,  as  a  particular  case,  Mr.  Scott  Russell's  wave-lines 
appear  to  be  included.  But  these  are  by  no  means  the  only  ones  which  satisfy 
the  problem  of  smooth  gliding,  or  of  stream-lines.  Another  method  of  con- 
structing curves  fulfilling  this  condition  has  been  given  by  Dr.  Rankine  in  a 
series  of  papers  published  respectively  in  the  "  Philosophical  Transactions  "  for 
1863,  p.  369,  and  in  the  "Philosophical  Magazine,"  for  October,  1864,  and 
January,  1865.    Elementary  descriptions  of  this  method  arc  given  in  the  JEngi- 
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neer,  of  the  16th  October,  1863.  and  in  a  treatise  on  "  Shipbuilding,  Theoretical 
and  Practical."  Their  theory  has  not  yet  been  carried  very  far,  and  when  we 
have  reference  to  three  dimensions,  it  does  not  appear  that  any  specific  mathe- 
matical form  is  to  be  preferred  in  respect  of  its  total  resistance  to  a  long,  fine, 
fair  ship,  either  drawn  or  modelled  by  eye,  by  a  practised  draughtsman  or 
modeller. 

A  possible  connection  between  the  resistance  of  ships  and  their  depths  of 
immersion  has  been  pointed  out  by  Pr.  Rankine  in  some  papers  published  in  the 
"  Proceedings  of  the  Royal  Society  "  for  1868,  p.  344 ;  in  the  "  Reports  of  the 
British  Association  "  for  1868 ;  in  the  "  Transactions  of  the  Institution  of  Naval 
Architects"  for  1868;  and  in  the  Engineer  of  the  28th  August  and  30th 
October,  1868.  He  shows  from  theory,  corroborated  by  his  own  observations, 
and  by  those  of  Mr.  John  Inglis,  jun.,  that  every  ship  is  accompanied  by  waves, 
whose  velocity  of  advance  is  ~Jg  k,  g  being  gravity,  and  I-  the  mean  depth  of 
immersion,  found  by  dividing  the  displacement  by  the  area  of  water-section.  So 
long  as  the  speed  does  not  exceed  Vg  k,  these  waves  cannot  produce  any  addi- 
tional resistance ;  but  when  the  speed  exceeds  that  limit,  the  wares  are  made  to 


diverge  from  the  ship  at  the  angle  whose  cosine  is 


Vg  k 


and  thus  to  carry  away 


energy,  like  the  other  diverging  waves  previously  mentioned. 

The  form  of  the  midship  section  does  not  appear  to  exert  any  influence  on  the 
resistance  to  propulsion  in  still  water,  except  so  far  as  it  affects  the  extent  of 
wetted  surface  exposed  to  the  action  of  the  water.  If  the  wet  girth  and  the 
Ijreadth  at  the  water-line  be  given,  the  form  of  greatest  area  will  be  a  segment 
of  a  circle :  but  this  will  not  be  the  solution  of  the  question  which  usually  pre- 
sents itself,  namely,  given  the  breadth  and  the  draught  required,  the  form  for 
which  the  ratio  of  area  to  surface  shall  be  the  greatest  possible.  In  the  parti- 
cular case  in  which  the  draught  is  half  the  breadth,  it  is  easily  seen  that  the 
Tatioof  area  to  girth  is  the  same  for  a  semicircular  as  for  a  rectangular  section, 
and,  therefore,  that  the  solution  lies  between  these  extreme  cases.  It  does  not 
appear  that  the  general  problem  has  yet  been  solved,  and  perhaps,  as  the  really 
practical  problem  relates  to  the  ship  and  not  to  the  midship  section,  it  is  of 
secondary  interest.  A  restricted  solution  has  been  given  by  Mr.  James  Robert 
Napier  in  a  paper  read  before  the  Glasgow  Philosophical  Society,  and  reprinted 
in  the  "  Mechanics'  Magazine  "  for  24th  April,  1863,  vol.  ix.,  page  311,  and  in 
the  Engineer  for  1st  May,  1863,  vol.  xv.,  page  245. 

The  best  ratio  for  good  propulsion  ot  length  to  breadth  and  draught,  even 
when  it  is  assumed  that  the  length  exceeds  Scott  Russell's  limits,|is  not  yet  known 
This  is  not  perhaps  of  practical  importance,  inasmuch  as  considerations  of 
economy,  capacity,  and  handiness  generally  settle  these  proportions,  without 
much  reference  to  a  theoretical  maximum  of  efficient  propulsion,  But  the  extent 
to  which  an  increase  of  breadth  or  depth,  leaving  other  things  unaltered,  affects 
the  propulsion  itself,  can  hardly  be  regarded  as  within  our  settled  knowledge. 

The  resistance  of  the  air  to  a  ship's  hull  is  not  a  point  to  be  neglected  in 
practice  or  in  experiment,  but  it  is  not  one  which  we  propose  to  discuss  here. 

The  above  contains  an  abstract  of  nearly  all  that  is  known  concerning  the 
total  resistance  of  a  ship  in  smooth  and  deep  water.  We  do  not  consider  it 
necessary  in  this  report  to  enter  into  the  question  of  the  increased  resistance  due 
to  shallow  water,  narrow  channels,  or  a  rough  sea.  We  may  sum  up  the  result 
in  the  broad  statement  that  there  exists  no  generally  recognised  theory  or  rule 
for  calculating  the  resistance  of  a  6hip.  Many  such  rules  have  been  put  forth, 
but  they  do  not  agree  in  their  form  or  in  their  result,  and  the  credit  of  each 
consequently  rests,  as  a  practical  matter,  on  the  reputation  of  its  author. 

Resistance  Considered  is  Detail. 

It  cannot  be  said  that  our  knowledge  of  the  detailed  phenomena,  which  accom- 
pany the  motion  of  a  floating  body  through  the  water,  extends  far  below  the 
surface  of  the  liquid.     Meanwhile, the  following  tilings  appear  to  be  known. 

For  any  vessel  driven  through  the  water  by  any  power  which  does  not  re-act 
on  the  fluid,  there  must  be  a  certain  movement  of  the  surrounding  liquid, 
chiefly  in  the  direction  of  the  vessel's  motion,  wliich  shall  be  sufficient  to  ab- 
sorb the  work  done  by  the  propelling  force  ;  for  this  is  really  nothing  else  than 
the  work  done  by  the  power  in  overcoming  the  resistance.  Much  of  this  is 
masked  by  oscillatory  movement.  Now  the  setting  up  of  an  oscillation  involve) 
an  expenditure  of  work  ;  hut  the  maintenance  of  the  oscillation,  once  established, 
is  independent  of  the  force  which  caused  it,  to  just  the  same  extent  th.it  it 
takes  work  to  set  a  pendulum  swinging,  but  once  set  going,  the  continuance 
does  not  depend  on  the  starting  force.  It  follows  that  making  a  wave  takes  up 
propelling  work  ;  but  that  a  wave  once  started  maintain!  it-elf  or  dies  out,  at 
the  case  may  be,  independently  of  tin:  propeller,  which  h  can  only  effect  by 
getting  in  its  way. 

In  a  vessel  of  good  form  thrust  through  a  fluid,  we  fir-it  meet  witli  a  head 
pressure  which  relieves  itself  by  the  formation  of  a  head  swell,  whioh  dis- 
perses itself  all  round  if  time  be  allowed  for  it,  either  by  the  sharpness  of  the 
vessel's  entrance,  or  by  a  >low  rate  of  advance.  This  Axes  a  limit  ot  speed,  whioh 
cannot  be  advantageously  exceeded,  dependant  on  the  length  of  entrance  as  well 

as  on  its  form — on   the   length   alone,   if  the  form   fulfil   certain  eoudiiiou-.      It 
the  vessel  be  pushed  beyond  the  speed  of  dispersion  of  this  wave,  it  has  to  be 
pushed  up  hill,  at  a  lo.s  of  useful  work. 
The  frictiomil  resistance  ol  the  rarfacc  of  the  ship  als.i  carrieea  stream  •  >! 

water  in  the   sense   of  the   ship's    motion.      In   (act,    Dearly  the  whole  work  of 

friction  is  expended  on  producing  this  stream,  which  forms  a  part  of  the  ship's 
wake. 
The  necessity  of  Ailing  up  the  rai  unm,  a  bich  would  otherwise  be  lafl  in  re  if 

of  the  ship,  also  produces  a  following  Stream,  accompanied  with  Waves. 

In  vessels  driven  at  a  speed  beyond  what  is  ratted  t"  their  form  and  dimen< 
aions,  there  are  also  supernumerary   wi\  mnt   of  which  will  be  found 

in  Professor  Bankme's  writings,  already  reft  red  to. 


In  vessels  of  unfair  form  there  will  further  be  violent  eddies  or  whirlpools, 
as  well  as  extra  waves.  Seeing  that  it  takes  an  expenditure  of  work  to  make 
these,  it  is  clear  that  least  resistance  means  least  disturbance.  In  reality,  very 
little  is  known  about  these  eddies.  Their  surface  action  has  been  observed,  and 
may  easily  be  seeu  in  dirty  water,  with  froth  especially ;  but  their  extent  iu 
depth,  and  their  amplitude  as  the  depth  increases,  are  utterly  unknown  ;  and 
the  other  phenomena  are  not  sufficiently  well  understood  to  admit  of  the  effect 
of  these  being  got  at  by  exhaustion,  that  is  to  say,  by  being  equated  to  the  un- 
explained residue  from  the  effects  of  the  other  known  causes.  Very  little, 
again,  is  known  about  the  direction  iu  which  the  replacement  aft  takes  place. 
The  water,  may  of  course,  pour  in  either  laterally  or  from  behind,  or  it  may 
well  up  from  underneath  as  a  wave.  More  or  less,  it  probably  does  all  three, 
and  the  proportion  in  which  it  does  eacli  is  among  the  things  which  neither 
experiment  or  theory  has  as  yet  revealed. 

Theoretically  it  is  of  no  importance  whether  we  consider  the  ship  in  motion 
and  the  water  at  rest,  or  the  ship  at  rest  and  the  water  in  motion  in  an  oppo- 
site direction.  Practically  the  conditions  are  modified  by  the  consideration  that 
a  stream  of  water  almost  always  has  a  sloping  surface,  in  which  case  a 
resolved  part  of  gravity  is  one  of  the  active  forces*  Besides  this,  streams 
useful  for  experiment  are  restricted  in  depth  and  width,  aud  the  conditions 
of  narrow  and  shallow  channels  introduce  foreign  considerations  of  a  very 
complicated  character. 

(To  be  con/inued). 
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GOVERNMENT  ACTION  WITH  REGARD  TO  BOILER   EXPLOSION.-. 
By  Mr.  Lavisgtos  E.  Fletcher,  C.E. 

We  make  no  apology  for  again  recurring  to  this  important  subject,  as  the 
increasing  number  of  victims  annually  sacrificed  is.  we  feel  sure,  sufficiently 
appalling  to  command  the  serious  attention  of  scientific  men,  with  a  view  t  > 
lessening,  if  not  altogether  preventing  such  a  fearful  loss  of  life.  The  following 
suggestions  prepared  for  the  British  Association  by  Mr.  L.  E.  Fletcher  are,  we 
think,  well  worthy  of  attention  : — 

It  is  not  in  accordance  with  the  Rules  of  the  British  Association,  for  Reports 
presented  by  Committees  appointed  to  investigate  and  report  on  certain  subjects, 
to  be  discussed  in  the  meetings  of  the  Sections.  There  are  circumstances  how- 
ever at  the  present  time  that  render  it  especially  important  that  the  opinion  of 
the  members  of  the  British  Association  should  be  fully  expressed  on  many  of 
the  questions  touched  on  in  the  report  just  read  relative  to  Coroners'  Inquests 
and  Steam  Boiler  Explosions.  The  Home  Secretary  stated  in  his  place  in  the 
House  of  Commons  very  recently  that  he  would  do  his  utmost  in  the  recess  to 
prepare  a  measure  for  the  suppression  of  steam  boiler  explosions,  so  that  it  is  of 
gTeat  importance  that  suggestions  from  all  parties  should  be  invited  on  this 
subject,  and  that  all  the  various  plans  proposed  should  be  fully  considered,  so 
that  the  whole  question  may  be  well  sifted.  Under  these  circumstances  I  have 
under  the  advice  of  one  of  the  Secretaries  of  the  British  Association,  prepared 
a  brief  secondary  paper,  on  which  it  will  be  in  order  to  raise  a  discussion.  After  the 
report  already  presented  to  the  Association  relative  to  Coroners'  Inquests  and 
Boiler  Explosions  by  the  Committee  appointed  to  undertake  that  duty,  1  need 
do  nothing  more  in  this  paper  than  name  the  points  on  which  it  is  desired  to 
obtain  the  views  of  the  members  of  the  Mechanical  Section  ot  the  British 
Association. 

The  constant  recurrence  of  boiler  explosions,  aud  the  number  of  lives 
annually  sacrificed  therefrom,  has  aroused  public  attention  to  this  subject.  The 
public  begin  to  suspect  that  these  disasters  arc  not  so  accidental  as  it  has  for 
a  number  of  years  been  attempted  to  make  out,  but  that  they  might,  after  ill, 
bo  prevented.  The  system  of  periodical  boiler  inspection  has  proved  itself 
sufficient  to  accomplish  this  task,  and  therefore  the  public  naturally  ask, — why 
do  not  all  steam  users  have  their  boilers  inspected,  and  it  they  neglect  this 
simple  precaution,  which  has  now  been  adopted  by  so  many  for  the  last  fourteen 
years,  why  should  not  the  law  step  in  and  compel  them  to  adopt  it  P 

This,  therefore  opens  the  first  question,  whether  it  is  expedient  or  not  for  the 
(ioveinini  nt  to  interfere  iu  the  matter  Of  the  prevention  ol  steam  boiler  explo- 
sions, and  if  so,  in  the  second  place,  what   would  be  the   best    mode   in   which 

Government  action  should  betaken.      In  answer  to  this  second  inquiry,  there 

.u.   at  least  three  plans  now   before  the  public,  ot   which  a  brief   outline  may  be 
given. 

One  of  these  plans  is  that  the  Government  should  take  the  supervision  of 
every  boiler  in  the  country,  with  the  exception  ol  locomotive  and  marine,  and 
through  the  medium  ot  the  Board  of  Trade  should  test  all  new  boilers,  and 

periodically  examine  them  when  s,t  t,,  work,  as  well  as  all  othei  use, 

the  examinations  being  made  both  when  the  boilers  arc  al  rest,  is  wall  a*  whan 
at  work  with  steam  up- 
All  Englishmen  have  a  strong  dread  ol  Qovernment  interference, and  •><  tha 
introduction  into  this  country  ol  the  continental  paternal  *j  -tc  m,  feat  log  li 
should  hamper  piugreai  and  tetter  individual  action.    This  measure  therefore  n 
one  which,  t..  iaj  the  least  ol  it,  is  oalonlatad  toprovoki  posi- 

tion. 

Another  plan  is,  t..  remlei  -.!  not  thai  I  nenl 

-houid  take  the  task  ot  examining  boilers  in  it-  own  hand-,  thai  is  i 
proposed   that  no  steam  oser  should  be  allowed  t..  work  ■  boilei   that  bad  not 
been  examined  and  certified  as  safe   bj  soma  Icm  «i    iuaj 
insui  •  my,  dojj  aul  the  Govt  who.  nl 

task. 

*  This  remark  I*  due  to  0 
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This  plan  has  certainly  less  of  the  air  of  the  continental  paternal  system 
about  it,  and  appears  more  adapted  to  the  usages  of  this  country,  though  it  by 
no  means  anpears  to  be  free  from  difficulty  in  its  application.  It  is  important 
that  the  integrity  of  the  inspections  should  be  preserved,  and  it  may  be  well  to 
suggest  for  consideration,  whether  there  might  not  be  a  difficulty  in  securing 
this  if  the  question  of  deciding  on  the  safety  of  all  the  boilers  in  the  country 
was  handed  over  to  a  number  of  competing  joint  stock  companies.  Joint  stock 
companies  clearly  exist  for  the  sake  of  dividends,  and  it  is  difficult  to  see,  if  they 
are  to  be  paid  by  steam  users  for  granting  certificates  for  the  safety  of  boilers 
how  the  integrity  of  those  certificates  could  be  secured  under  a  pressure  of  com- 
petition for  business.  Judges,  to  be  impartial,  should  not  be  remunerated  by 
those  whose  cases  they  have  to  adjudicate,  more  especially  if  their  payment 
depends  on  giving  satisfaction.  It  is  feared  that  under  such  a  system,  inspec- 
tions might  grow  lax,  and  that  the  sale  of  certificates  would  soon  be  not  unlike 
the  sale  of  indulgences  in  days  gone  by.  It  is  therefore  a  point  for  discussion 
how  far  it  would  be  wise  to  commit  the  safety  of  all  the  boilers  in  the  country  to 
the  charge  of  commercial  competing  companies  intrusted  with  the  monopoly  of 
the  sale  of  boiler  certificates.  Possibly  there  may  be  some  way  of  meeting  this 
difficulty,  but  it  was  thought  well  to  throw  it  out  for  discussion  on  the  present 
occasion. 

A  third  plan  is  that  every  steam  user  should  be  left  perfectly  free  to  lay  down 
what  description  of  boiler  he  may  think  best,  and  to  enrol  it  or  not,  either  with 
a  Boiler  Inspection  Association  or  Boiler  Insurance  Company  as  he  sees  fit,  and, 
indeed,  that  he  should  be  free  to  do  just  what  he  likes  as  long  as  he  does  not 
burst  his  boiler,  but  in  the  event  of  explosion  it  is  proposed  that  the  Govern- 
ment should  then  step  in,  make  a  most  searching  investigation  of  the  facts,  and 
publish  the  information  for  the  benefit  of  the  community  at  large.  On  this 
system  the  steam  user  would  be  left  perfectly  free  in  his  choice  of  means,  but 
would  be  held  responsible  for  results,  and,  in  the  event  of  explosion,  would  be 
open  to  a  claim  for  damages  from  the  relatives  of  those  killed  by  the  failure  of 
his  boiler.  This  plan,  it  is  argued,  would  act  preventively,  inasmuch  as  it  would 
it  is  hoped,  arouse  to  suitable  vigilance  all  those  connected  with  the  use  of  steam 
which  is  all  that  is  required  for  the  prevention  of  steam  boiler  explosions. 

These  are  three  of  the  principal  plans  now  before  the  public.  The  first  pro- 
poses to  act  on  the  paternal  system,  and  to  take  every  boiler  under  the  Govern- 
ment wing.  The  second  does  not  propose  that  the  Government  should  undertake 
inspections  itself,  but  that  it  should  leave  them  to  duly  authorised  local  associa- 
tions, rendering  it,  however,  compulsory  that  the  steam  user  should  avail 
himself  of  one  or  the  other  of  these  organisations.  The  third  plan  goes  on  the 
principle  of  believing  every  man  innocent  till  he  is  proved  guilty,  and  of  punish- 
ing offenders  on  the  hope  that  by  so  doing  a  repetition  of  the  offence  by  others 
will  be  prevented. 

Such  is  a  brief  recapitulation,  and  but  little  more,  of  the  measures  now 
before  the  public,  while  the  few  suggestions  that  have  been  added  to  this  brief 
recapitulation  have  been  thrown  out  more  to  stimulate  discussion  than  by  way 
of  advocacy  in  the  case  of  either  plan,  and  full  discussion  is  now  invited  on  these 
questions  from  the  members  of  the  Mechanical  Section  of  the  British  Associa- 
tion. 

(Signed)  Lavington  E.  Fletcher. 

41,  Corporation-street, 

Manchester,  August  17th,  1869. 


REPORT  OP  THE  COMMITTEE  APPOINTED  TO  CONSIDER  AND 
REPORT  HOW  PAR  CORONERS'  INQUISITIONS  ARE  SATISFAC- 
TORY TRIBUNALS  FOR  THE  INVESTIGATION  OP  BOILER  EX- 
PLOSIONS, AND  HOW  THESE  TRIBUNALS   MAY  BE  IMPROVED. 

The  Committee  consisted  of  Mr.  William  Fairbairn,  C.E.,  F.R.S.,  LL.D., 

&c. ;  Mr.  Joseph  Whitworth,  C.E.,  F.R.S. ;  Mr.  John  Penn,  C.E.,  F.R.S. ; 

Mr.   John   Hice,   M.P.;  Mr.  Hugh   Mason,  Mr.  Samuel  Rig-by,  Mr. 

Frederick  J.  Bramwell,  C.E.,  Mr.  William    Richardson,  and  Mr. 

Lavington  E.  Fletcher,  C.E. 

I.  Boiler  explosions  continue  to  occur  with  their  accustomed  frequency  and 
fatality.  Since  the  meeting  of  the  British  Association,  held  last  year  in  Nor- 
wich, not  less  than  46  explosions  have  occurred,  by  which  78  persons  have  been 
killed,  in  addition  to  114  others  having  been  injured ;  and  as  these  catastrophes 
take  place  with  considerable  regularity,  there  is  every  reason  to  apprehend  that 
a  similar  number  of  explosions,  causing  the  loss  of  a  similar  number  of  lives, 
and  a  similar  amount  of  bodily  injury,  will  transpire  before  the  next  meeting  of 
the  British  Association,  unless  some  very  immediate  measures  are  adopted  for 
arresting  these  sad  disasters. 

The  fearful  explosion  which  occurred  on  the  9th  of  June  last,  at  Bingley,  by 
which  as  many  as  15  persons  were  killed,  and  33  others  injured — some  of  them 
very  seriously,  will  be  fresh  in  the  remembrance  of  every  one  ;  more  especially 
from  the  fact  that  amongst  those  killed  and  injured  were  a  number  of  women 
having  no  connection  whatever  with  the  works  at  which  the  explosion  occurred, 
as  well  as  a  number  of  little  children.  These  children  were  exercising  in  an 
adjoining  playground,  when  just  as  they  were  passing  close  to  the  wall  of  a  two- 
storied  building  on  the  premises  at  which  the  explosion  occurred,  the  boiler 
burst,  demolishing  the  building,  burying  the  children  in  the  ruins  and  crushing 
eight  of  them  to  death,  in  addition  to  seriously  injuring  17  others. 

Sad  as  it  is  when  those  connected  with  boilers  and  who  gain  their  livelihood 
from  working  them  are  injured,  it  is  even  more  so  when  outsiders  who  have 
no  interest  in  their  use  or  control  over  their  management  are  victimised  by  their 
explosion,  more  especially  when  these  victims  are  women  and  children.  Such, 
however,  is  by  no  means  an  infrequent  occurrence.  In  one  case,  a  child  asleep 
in  its  bed,  unconscious  of  all  danger,  was  killed  on  the  spot  by  a  fragment  of  an 
exploded  boiler  sent  through  the  roof  life  a  thunderbolt.     In  a  second  ease  a 


young  woman  working  at  her  needle  in  an  upstairs  room  in  her  own  dwelling, 
was  struck  by  a  boiler  which  was  hurled  from  its  seat,  and  dashed  against  the 
window  at  which  she  sat.  The  injury  she  received  was  serious — her  leg  had  to 
be  amputed,  and  death  shortly  after  ensued.  In  a  third  case,  jjist  as  an  infant 
was  making  its  first  assay  at  walking  across  the  kitchen  floor  in  a  collier's  cottage,. 
a  fragment  of  an  exploded  boiler  came  crashing  through  the  roof,  and  striking 
down  the  child,  killed  it  on  the  spot.  In  a  fourth  case,  a  woman  was  standing 
at  her  own  cottage  door  with  an  infant  in  her  arms,  when  one  of  the  bricks 
sent  flying  by  the  bursting  of  a  boiler,  struck  her  little  one  on  the  head,  and 
killed  it  in  its  mothers's  arms.  In  a  fifth  case,  a  group  of  boys  were  sporting 
in  a  meadow,  when  the  boiler  of  a  locomotive  engine,  just  drawn  up  at  an  ad- 
joining railway  station,  burst,  and  scattering  one  of  its  fragments  among  the 
group,  killed  one  of  the  boys  on  the  spot,  and  injured  another.  In  a  sixth  case, 
a  house  in  which  an  infirm  old  woman  lived,  confined  to  her  bed  in  an  upstairs 
room,  was  demolished  by  a  boiler  explosion,  so  that  the  poor  woman,  with  the 
bed  on  which  she  lay,  were  rudely  brought  to  the  ground.  In  a  seventh  case, 
a  man  passing  through  a  public  thoroughfare  on  horseback  was  struck  by  the 
debris  showered  around  by  a  boiler  that  happened  to  explode  at  the  moment ;  so 
that  even  those  casually  passing  by  the  premises  at  which  steam  power  is  em- 
ployed are  not  safe  from  the  attacks  of  bad  boilers.  It  is  no  uncommon  thing 
for  dwelling-houses  in  the  vicinity  of  boilers  to  be  invaded,  on  the  occurrence  of 
an  explosion,  with  huge  fragments,  and  to  have  their  windows  and  roofs  riddled 
as  if  they  had  been  bombarded,  while  in  some  cases  they  are  altogether  demolished- 
Many  other  cases  similar  to  the  above  might  be  added,  but  the  facts  already 
given  are,  it  is  thought,  sufficient  to  show  that  those  who  use  steam  boilers  are 
not  only  the  parties  who  suffer  from  their  explosion.  Thus,  the  subject  acquires 
a  wider  interest,  and  becomes  not  only  important  to  steam  users,  but  also  to  the 
public  at  large. 

It  is  therefore  desirable  that  public  attention  should  be  thoroughly  aroused  on 
the  subject  of  steam  boiler  explosions  while  it  is  clearly  well  worthy  of  the  con- 
sideration of  the  members  of  the  British  Association. 

II.  The  Committee  pass  on  the  second  place  to  state  that  the  attention  of  its- 
members  has  for  years  been  directed  to  the  cause  of  these  sad  catastrophes,  andi 
that  they  have  invariably  found  that  steam  boiler  explosions  though  so  com- 
plicated and  disastrous  in  their  results,  have  sprung  from  causes  of  the 
simplest  character. 

In  some  cases  explosions  arise  from  the  boilers  having  been  originally  mal- 
constructed,  the  furnace  tubes,  for  instance,  not  having  been  strengthened,  as 
experience  has  shown  to  be  necessary,  by  encircling  rings  or  flanged  seams,  or 
other  approved  and  suitable  means  ;  and,  in  consequence  of  the  neglect  of  these- 
simple  precautions,  which  may  readily  be  adopted  by  any  one,  a  considerable 
number  of  furnace  tubes  have  collapsed  and  ruptured,  when  the  rush  of  steam, 
and  hot  water  resulting  therefrom  has  been  attended  with  the  most  disastrous 
consequences,  and  many  lives  have  been  lost.  Explosions  of  this  character  are 
particularly  prevalent  in  Cornwall,  where  it  seems  especially  difficult  to  persuade 
steam  users  that  a  furnace  tube  can  collapse  from  any  other  cause  than  that  of 
overheating  through  shortness  of  water.  This  simple,  but  obstinate  prejudice, 
makes  Cornwall  one  of  the  most  prolific  counties  for  steam  boiler  explosions,, 
and  the  Cornish  boiler,  which,  when  well  constructed  and  strengthened  in  the 
furnace  tube  as  just  described,  is  one  of  the  safest  and  most  reliable  of  any,  lias 
been  raised  to  the  undesirable  notoriety  of  being  the  most  explosive,  simply 
through  the  obstinate  prejudice  just  referred  to,  so  that  the  very  county 
that  gave  this  boiler  birth  and  name  is  doing  more  than  any  other  to  damage 
its  reputation. 

Other  explosions  arise  simply  from  defective  staying,  as  in  the  case  of  the 
boiler  that  exploded  at  Aberaman  on  the  31st  of  May  last,  killing  four  persons, 
and  injuring  four  others.  In  this  case  the  front  end  of  the  boiler  was  blown 
out,  consequent  on  the  removal  of  the  furnace  tube  in  order  to  metamorphose  the 
boiler,  most  unwisely,  from  one  fired  internally  to  one  fired  externally.  When 
the  furnace  tube,  which  formed  a  most  valuable  lougitudinal  stay,  had  been  re- 
moved, no  adequate  provision  was  made  for  its  loss,  and  the  consequence  was 
that  the  end  blew  out  from  sheer  weakness.  This  explosion  is  by  no  meang 
singular,  and  many  similar  cases  have  been  met  with  in  which  the  flat  ends  of 
boilers  have  been  blown  out  through  unwisely  removing  the  furnace  tube  in 
Cornish  boilers  in  order  to  exchange  internal  firing  for  external.  One  other 
explosion,  resulting  from  imperfect  staying,  may  be  referred  to,  which  occurred 
on  the  28th  of  July,  1866,  at  Tunstall,  and  resulted  in  the  death  of  two  persons 
and  in  injury  to  seven  others.  This  boiler  was  of  considerable  size,  being  as 
much  as  36ft.  long  by  9ft.  diameter,  while  it  was  worked  at  a  pressure  of  troin 
351b.  to  401b.  on  the  square  inch,  This  boiler,  which  contained  an  internal 
horseshoe-shaped  flue,  was  constructed  with  a  hemispherical  end  at  the  back, 
and  a  flat  one  at  the  front.  The  flat  end  was  insufficiently  stayed,  in  conse- 
quence of  which  it  was  blown  out  with  the  horseshoe-shaped  tube  attached  to  it, 
and  thrown  to  a  distance  of  about  50  yards  in  one  direction,  while  the  shell  of 
the  boiler  recoiled  to  about  the  same  distance  in  another.  Alongside  this 
boiler  was  another,  in  process  of  completion,  with  two  boiler  makers  and  a  boy 
at  work  inside  it.  On  the  occurrence  of  the  explosion,  not  only  was  the  boiler 
first  referred  to  torn  from  its  seat  as  just  explained,  but  the  sister  one  along- 
side was  thrown  on  to  a  public  road  which  happened  to  be  on  an  incline,  and 
sent  rolling  down  the  hill,  with  the  men,  the  boy,  and  their  tools  inside  it,  so 
that  their  predicament  was  somewhat  similar  to  that  of  poor  Regulus  when  sent 
rolling  down  the  hill  in  his  spiked  cask. 

Other  explosions  occur  from  defective  material  and  workmanship,  in  illustra- 
tion of  which  the  explosion  may  be  referred  to  which  occurred  at  Norwich  on  the 
25th  of  September,  1866,  by  which  the  works  were  laid  in  ruins,  seven  persons 
killed,  and  two  others  injured. 

Other  explosions  again  arise  from  defective  equipments,  the  manholes  not 
being  guarded  by  substantial  mouthpieces,  or  the  boilers  not  being  mounted 
with  suitable  safety-valves,  glass  water-guages,  or  other  necessary  fittings. 


£    Octobee   1,  1SR9.] 


THE  ARTIZAN. 


235 


Many  explosions  occur  from  the  dilapidated  state  of  the  boilers,  the  boilers 
being  worked  on  till  the  plates  are  so  reduced  as  to  be  no  thicker  than  a  sheet 
of  brown  paper.  One  such  case  occurred  on  the  21th  of  April,  1S65,  at  "Wigan, 
and  resulted  in  the  death  of  one  person,  and  in  injury  to  four  others.  Another 
tool:  place  at  Leeds  on  the  27th  of  March,  1866,  by  which  two  persons  were 
killed  and  six  others  injured.  A  third  happened  at  Collyhurst,  Manchester,  on 
the  23rd  of  December,  1867,  by  which  six  persons  were  killed  and  four  otbers 
injured.  Cases  of  this  class  are  so  numerous  that  they  defy  enumeration,  and 
the  working  on  of  old  worn-out  boilers,  that  should  long  since  have  been  dis- 
carded altogether,  is  a  prolific  source  of  explosion. 

Some  explosions  arise  from  neglect  of  the  attendants,  through  ignorautly 
tampering,  with  the  safety-valves,  or  neglecting  the  proper  supply  of  water. 
The  number  of  explosions  from  this  cause,  however,  is  not  by  any  means  so 
great  in  proportion  to  those  that  arise  from  mal-construoted  or  worn-out  boilers, 
as  is  generally  supposed,  and  many  more  explosions  arise  from  bad  boilers  than 
fro  in  bad  attendants,  though  it  is  often  much  to  the  convenience  of  the  steam 
user  to  have  the  blame  of  an  explosion  thrown  upon  the  attendant,  rather  than 
on  the  boiler. 

Such  are  some  of  the  leading  causes  of  steam  boiler  explosions,  all  of  which, 
it  will  be  seen,  are  extremely  simple,  and  the  Committee  consider  that,  as  a  rule, 
boilers  burst  simply  because  they  are  bad,  bad  either  from  original  malcon- 
struction,  or  from  the  dilapidated  condition  into  which  they  have  been  allowed 
to  fall,  while  they  wish  to  record  their  opinion  that  these  lamentable  catas- 
trophe.-;, by  which  so  many  persons  are  annually  killed,  are  not  accidental,  but 
that  they  might  be  prevented  by  the  exercise  of  common  knowledge  and 
common  care. 

III.  The  next  point  the  committee  have  to  consider  is,  how  far  the  present 
inquiries  conducted  by  coroners  as  to  the  cause  of  boiler  explosions  are  satisfac- 
tory. 

On  referring  to  the  verdicts  returned  by  coroners' juries  on  deaths  occasioned 


show1Iieow?^Uttn3  a!Tived,at'  and  t0  Ieave  t0  Public  discussion  and  time  to 
snow  now  tar  the  opinions  advanced  were  correct  or  not 

One  of  the  results  of  searching  investigations  and  'phun-speakin-  verdicts 
ZU^nrthat  whf*wh*na  "team  user  has  killed  some  hal^ozenVople  bv 
the use  Of  a  crazy  old  boiler  the  widows  and  children  of  the  deceased  would  b, 
able  to  claim  from  him  compensation  for  the  loss  of  their  breadwinners  This 
it  is  thought,  would  operate  as  a  most  wholesome  check  both  upon  boiler  makers' 
and  boiler  users,  as  the  one  party  would  be  exposed  if  he  sold  a  bad  boiler,'  and 
the  other  if  he  bought  it.  Some  timid  steam  users  object  to  this  measure  lest 
they  should  ever  be  brought  in  for  heavy  damages,  but  such  fears  may  be  alto- 
gether dismissed  by  all  those  who  are  work-ins  honest  boilers.  Good  boilers  is 
already  stated  in  this  report,  do  not  burst.  "Explosions  are  not  mysterious  'in- 
explicable or  unavoidable.  They  do  not  happen  bv  caprice,  or  light  like  - 
deadly  nightshade  alike  on  the  careful  and  the  careless.  They  may  all  be  pre- 
vented by  the  exercise  of  common  knowledge  and  common  sense,  so  that  timid 


by  boiler  explosions,  it  appears  that  the  usual  verdict  is  one  of  "  Accidental 
death  ;  "  in  tact,  this  seems  to  be  returned  on  nearly  every  occasion,  whatever 
the  cause  of  the  explosion  may  be,  and  even  when  it  has  resulted  from  the  use  of 
an  old  worn-out  boiler,  reduced  to  the  thickness  of  a  sixpence.  Added  to  tins, 
the  evidence  given  at  these  inquiries  is  anything  but  of  a  reliable  and  in- 
structive character.  The  most  visionary  theories  are  advanced,  and  the  attempt 
is  frequently  made  to  show  that  explosions  are  unaccountable  and  inevitable. 
Thus,  no  suitable  information  is  given  to  the  public  as  to  the  cause  of  these  sad 
disasters,  and  the  consequence  is  that  boiler  makers  can  palm  off  on  the  public 
bad  boilers,  and  the  steam  users  employ  them  with  the  certainty  that  if  they 
explode  with  fatal  consequence,  they  will,  by  the  help  of  a  coroner  and  his  jury, 
be  publicly  absolved  from  all  responsibility,  and  the  event  proclaimed  to  be 
accidental.  After  the  conclusion  the  committee  have  arrived  at,  that  explosions 
are  not  accidental,  but  may  be  prevented  by  the  exercise  of  "common  knowledge 
and  care,"  they  cannot  but  consider  that  such  evidence  and  such  verdicts  are 
eminently  unsatisfactory,  and  that  they  call  for  immediate  attention. 

IV.  In  the  fourth  place  the  committee  have  to  consider  how  far  the  present 
unsatisfactory  character  of  coroners'  investigations  can  be  corrected. 

It  has  been  proposed  by  the  Manchester  Steam  Users'  Association  that  every 
coroner,  when  holding  an  inquiry  on  a  steam  boiler  explosion,  should  be  both 
empowered  and  instructed  to  avail  himself  of  the  assistance  of  two  competent 
engineers  having  no  connection  with  the  works  at  which  the  explosion  occurred, 
and  that  these  engineers  should  visit  the  scene  of  the  catastrophe,  investigate  the 
caii^e  of  the  explosion,  and  attend  the  inquest,  in  order  to  assist  the  coroner  in 
hi-,  examination  of  witnesses,  as  well  as  to  give  evidence  themselves  before  the 
jury,  and  report  on  the  cause  of  the  explosion;  their  reports,  which  might 
either  be  joint  or  several  as  found  most  convenient  in  each  case,  being  accom- 
panied with  explanatory  Bcale  drawings,  showing  the  original  construction  of 
the  boiler,  and  as  far  as  possible  the  lines  of  rent,  as  well  as  the  direction  in 
which  the  parts  were  thrown,  and  the  distances  at  which  they  fell,  while,  in 
order  to  secure  to  the  public  the  full  advantage  of  the  investigation,  the 
necrs'  reports,  with  the  accompanying  drawings  along  with  tiie  verdict  of  the 
jury  to  be  printed  and  deposited  in  the  Patent  Office,  and  lie  there  for  inspection 
and  purchase,  as  in  the  case  of  specifications  of  inventions,  and  further,  that 
copies  of  these  reports  should  be  forwarded  to  the  members  of  both  Hon 
Parliament,  at  in  the  case  of  reports  on  railway  catastrophes,  and  also  to  the 
various  free  libraries  and  scientific  societies  throughout  the  country. 

ommittee  consider  that  the   adoption   of  this   proposition    wuuld   very 
much    rai.^e  the  character  of  tin-   present  inquires  conducted   by  coroner-,  and 
that  the  measure  is  well  calculated  to   secure  the  truth  being  fully  arrived  at, 
>:uly  spoken,  to  which  they  attach  the  greatest  importance. 

The  fact  of  two  engineers   being   appointed   to   iavi  I   report,  those 

engineers  being  altogether  independent  of  the  works  at  which  the  explosion  oc- 
curred, would,  it  is  thought,  securo  an    unbiassed  opinion,  while  from  tho  pub- 
licity given  to  the  verdict   the  coroner  and  jury  would  be  stimulated  to  u 
searching  investigation.    It  is  possible  that  in  some  cases, more  especially  iii  the 
early  adoption  ot  this  plan,  some  coronersmj  i  I  the  most  comp 

engineers  to  assist  them  in  their  inquiry,  l/ut  this  it  is  thought  i-  an  error  that 
would  soon  be  corrected  from  the  publicity  it  is  proposed  to  give  to  the  whole 
proceedings,  which  would  make  the  core  Ful  to  makes  ion  for 

tho  sake  of  their  own  reputation,  while  as  they  would  not  be  limited  in  their 
choice  to  a  special  locality,  but  might  take  the  range  of  tin-  whole  country, 
there  would  be  no  difficulty  in  their  Boding  thoroughly  competent  men,  Wmt 
two  competent  engineer  lelected,  the  committee  consuls 
at  all  events  but  very  seldom  beany  practioal  differena  in  then  riewse  to  the 
cause  of  an  explosion ;  but  presuming  that  iii  li  {hi  i"'  the 

case,  the  committee  would  not  recommend  that,  as  a  rule,  a  third  ,  I 
be  called  in  to  decide  the  point,  since  such  a  question  should  not  be  decided 
simply  by  a  majority  of  opinions.    The  better  plan  would  be  to  record  the  hi  ti 


tion  and  the  Boi  er  Insurance  Companies,  as  in  the  event  of  the  explosion  of  an 
enrolled  boiler  the  case  would  be  fully  investigated  bv  impartial  parties,  and 
the  tacts  brought  to  light.    Such  a  course  would  clearly  promote  sound  in 

Thus  the  committee  consider  that  the  adoption  of  this  measure  would  hi 
wholesome  an  influence  upon  boiler  makers  and  boiler  us  U  as  upon 

boiler  attendants  and  boiler  inspectors,  and  indeed  upon  all  those  connected 
with  the  use  ot  steam,  that  it  would,  without  any  further  Governmental  in- 
terference, do  much  to  prevent  the  recurrence  of  steam  boiler  explosions,  and 
they  warmly  concur  with  the  proposition. 

With  regard   to  the   manner   in  which   the  expense  of   these  investigations 
should  be  paid,  the  committee  recommend  that  this  should  h,  .   the 

same  source  that  coroners'  inquiries  are  met  at  present,  'the 

county  or  the  city  rates,  as  the  case  may  be.     This  t  than 

that  ot  throwing  the  cost  of  the  inquiry  upon  the  owner  of  tin-  :ler, 

by    way  ©f  penalty,  a-  in   many  eases    he  would    be    sj    impoverished   by  the 
catastrophe  as  to  be  unable  to  meet  the  charges,  while  in  addition  it  is  tho;. 
that  scientific  witnesses,   called  upon  to  discharge  so  important  a  public  duty 
as  that  now  proposed,  should  not  be  dependent  on  so  uncertain  and  invidious  "a 
source  for  remuneration. 

It  has   been  proposed  that  the   Crown  should   lovy  a  heavy  deodand  on  the 
owners  of  all  boilers  that  explode,  unless  it  could  be  shown  that  the  explosion 
arose  from  causes  entirely  beyond  their  own  control,  the  onus  of  the  proof  being 
thrown  on  the  boiler  owners,  and  not  on  the  Crown.     Such  a 
first  sight,   much  to  recommend  it.     It  would  doubtless   act  werful 

stimulant  to  care,  but  inasmuch  as  the  relatives  of  those  killed  bv  boiler  ex- 
plosions are  deprived  thereby  of  their  means  of  support,  it  is  thought  that  all 
payment  should  go  to  them  in  the  way  of  compensation  rather  than  to  the 
Crown.  In  many  cases  the  owner  of  a  boiler  is  so  impoverished  by  its  explo- 
sion that,  bad  he  to  pay  a  deodand,  he  would  have  nothing  left  whereby  to  com- 
pensate those  rendered  widows  and  orphans  by  the  catastrophe,  so"  that  the 
( 'rov.  a  would  be  robbing  them  of  their  legitimate  compensation.  It  is  thought, 
therefore,  it  would  be  better  not  to  imp  land,  fine,  or  penalty,  but 

to  leave  the  steam  user,  in   the  event  of  explosion,  simply  to  the  exposui 
fullini  and  plain   speaking,  combined  with  the  habili 

for  damages,  for  which  the  law  at  present  provides,  but  which  the  imp] 
diets  would  give  increased  facilities  for  setting  in  motion. 

The  committee  would  wish  to  add  a  few  remarks  upon  the  misapprehension 
that  arises  from  tl  I  le  word  "accidental"  in  thi 

era' juries,  and  the  advantage  they  think  would  bed 
stitution  of  tl  ■<■  to  „i,it;  , 

apprehend  that  the  fundamental  object  of  a  coi  :  a  sudden 

or  violent  death  is  to  determine  whether  that  death 

malice  or  not.     Tlra-.  it   may   be  li 

of  "Accidental  death"  from  a  strain  boiler  explosion,  though  the  boilei  maj 

have  been  SO  worn  out   that   in    an    engineering  and  common  sense  vi 

plosion  was  no  accident  at  all.    Thus  the  jury  use  the  word  in  one  sense,  but 

the  public  accept   il   in  another,  and  the  term   is  tab 

the  owner  ol  the  boiler.    It  i-  thought  thai  tl  ,uld 

be  fulfilled,  at  the  same  time  that   the  prevention  ■■;  steam  boiler  . 
would  be  promoted,  if  juries,  instead   ot   returning  u  vi 

tie  thai  tbe_T  consider  ti.  ,'//," 

wing  verdict  is  given  by  way  of  illustration: — 

"Thejury  find  that  X.,  X.,  X.,  &c,  were  killed  by  a  steam  boiler  expl 

that  occurred  in  \  I    \.  town,  on  X.  day  of  the  week,  montl  , 

on  the  premises  occupied  by  X.,  and  while  they  consider  thai  thi 

not  occasioned  by  any   '  malice  aforethought,'  either  on  the  part  ol   in. 

the  boiler  orothei  i  with  it,  they  wish  t..  record  the  feci  thai  the 

boiler  was  a  had  one,  H  -  plates  being  considerabl]  reduo  i  .and  thai 

■  that  the  explo  ion  wai 
The  oommitb  e  do  not  overlook  the  fact  that  jurii  -  ban 
to  them,  whiofa  •  the  announouneul  ot'"A 

"  Wilful   n  have  the  power  ol  ooinuiitliag  •■ 

•  for  "  .Mai.  .v  in.  b  in   many  i  i  I  in 

the  ihs,  hai  ind   In  the  opini 

much  more  froqueutlj  than  the]  do.    The  task,  bowci 

owner  for  manslaugbl  r   i-  Ircquoutl)  au  invidioui  .  uud 

j   seldom  brought  in 

i tan  un|  ..tion,  and  tbe  truth  n  .  1  be 

more  tull>  and  fin  i  K   ipoken. 
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The  following  is  a  recapitulation  of  the  conclusion  to  which  the  committee 
have  arrived  : — Firstly,  that  a  lamentable  loss  of  life  is  annually  caused  by  steam 
boiler  explosions,  which  urgently  calls  for  public  attention.  Secondly,  that  these 
explosions,  as  a  rule,  are  not  accidental,  but  may  be  prevented,  by  the  exercise  of 
common  knowledge  and  common  care.  Thirdly,  that  the  present  investigations  con- 
ducted by  coroners  with  regard  to  steam  boiler  explosions  are  eminently  unsatis- 
factory, and  call  for  immediate  improvement.  Fourthly,  that  coroners  should, 
when  conducting  inquiries  on  boiler  explosions,  be  instructed  and  empowered  to 
avail  themselves  of  competent  engineering  advice,  so  that  the  cause  of  every 
boiler  explosion  may  be  fully  investigated,  while  the  information  acquired  should 
be  widely  circulated.  Fifthly, — the  Committee  entertain  a  sanguine  hope  that 
this  course  alone  would  do  much  towards  the  prevention  of  the  present  recurrence 
of  steam  boiler  explosions,  without  any  further  Governmental  action. 

Before  concluding  this  report,  the  Committee  feel  it  incumbent  upon  them  to 
allude  to  the  general  movement  that  has  taken  place  within  the  last  year  with 
regard  to  the  adoption  of  some  system  of  compulsory  inspection. 

During  the  past  Session,  a  Bill  was  introduced  to  Parliament,  and  carried 
throught  an  early  stage,  for  placing  all  steam  boilers  under  Governmental 
inspection,  by  the  agency  of  the  Board  of  Trade.  By  others,  it  has  been  pro- 
posed that  every  steam  user  should  be  compelled  to  have  his  boiler  examined  and 
certified  by  some  private  association  or  company  instituted  for  that  object,  and 
authorised  by  the  Government.  Others  propose  that  insurance  should  be  an 
essential  accompaniment  to  this  arrangement,  and  that,  to  secure  the  integrity 
of  the  service,  the  boiler  inspectors  should  themselves  be  inspected  by  the 
Government. 

With  regard  to  these  propositions,  the  committee  would  wish  to  express  a 
strong  and,  as  they  think,  a  wholesome  dread  of  any  Government  interference 
•with  the  management  of  private  concerns,  and  they  cannot  but  consider  that 
the  plan  proposed  of  handing  over  all  the  boilers  in  the  country  to  the  super- 
of  the  Board  of  Trade  would  prove  harassing  to  the  steam  user,  and  a  barrier  to 
progress.  Such  a  system  it  is  thought  must  soon  prove  a  system  of  limitation. 
Inspectors  armed  with  Governmental  powers  must  be  guided  by  a  code  of  rules 
laid  down  by  some  higher  and  central  authority.  They  must  be  instructed  what 
diameter  of  boiler,  and  what  thickness  of  plate  to  allow  for  certain  pressures 
of  steam.  Also  what  area  and  description  of  safety- valves  and  what  number 
and  description  of  fittings  generally.  Thus  the  responsibility  of  construction 
would  be  removed  from  the  boiler  makers  to  the  Government,  and  the  Board  of 
Trade  would  become  the  national  boiler  constructors.  However  wisely  and 
liberally  such  a  system  might  be  worked,  and  however  carefully  its  code  of  rules 
might  be  devised,  it  is  feared  it  would  shortly  prove  an  irksome  limitation,  and 
serious  embarrassment  result.     Whether  any  milder  measures  could  be  introduced 


to  extend  the  operations  of  private  associations,  is  a  question  on  which  the 
Committee  are  not  in  a  position  to  pronounce  an  opinion  at  present :  but  the 
subject  appears  to  them  to  be  one  of  considerable  importance,  and  the  more 
public  attention  is  called  to  it,  and  the  more  it  is  ventilated  and  discussed,  the 
better. 

The  Committee  would  venture,  however,  to  submit  to  consideration,  whether 
it  would  not  be  worth  while  to  try  the  effect  of  more  searching  Coroners' 
investigations,  and  plain  speaking  verdicts,  before  any  other  steps  are  taken. 
Were  the  course  recommended  herein  with  regard  to  Coroners  adopted,  such  a 
mass  of  well  authenticated  information  would  soon  be  accumulated,  that  it  would 
be  shortly  apparent  whether  this  measure  were  of  itself  sufficient  to  arrest  the 
course  of  boiler  explosions,  or  whether  the  recklessness  of  steam  users  was  so 
great  that  more  stringent  measures  were  absolutely  necessary ;  while,  supposing 
that  the  latter  unfortunately  proved  to  be  the  case,  the  amount  of  authentic 
information  obtained  would  form  a  sure  basis  for  legislative  enactment.  The 
Committee  therefore  venture  to  urge  that  the  plan  proposed  in  this  report  be 
fairly  tried  before  any  further  steps  be  taken,  and  they  recommend  this  subject 
to  the  best  consideration  of  this  meeting  of  the  British  Association. 

It  should  not  be  omitted  to  mention  that  since  this  subject  was  brought  under 
the  consideration  of  the  Mechanical  Section  of  the  British  Association  last  year 
the  Manchester  Steam  Users'  Association  memorialised  the  Home  Secretary  with 
regard  to  the  improvement  of  Coroners'  inquiries,  in  the  manner  referred  to  in 
this  report.  The  deputation  was  favourably  received,  and  the  Home  Secretary 
stated  in  his  place  in  the  House  of  Commons  only  a  few  days  since,  that  he 
should  endeavour,  during  the  rectss,  to  prepare  a  measure  for  the  prevention  of 
steam  boiler  explosions.  Thus  considerable  attention  has  been  drawn  to 
this  subject  during  the  past  year,  and  considerable  progress  has  been  made  in 
educating  public  opinion  with  regard  to  it.  The  Committee  think  that  this  affords 
ground  for  congratulation,  and  that  with  the  interest  now  aroused  in  connection 
with  this  subject,  the  attainment  of  the  prevention  of  steam  boiler  explosions 
is  not  far  distant. 

Signed  on  behalf  of  the  Committee, 

William  Fairbaibh, 

Chairman. 


IMPROVED  PUMPING  AND  BLAST  ENGINE. 

We  illustrate  below  a  peculiar  arrangement  for  a  pumping  or  blast 
engine  that  has  attracted  considerable  attention  in  America,  the  performance 
of  which  is  said  to  be  very  satisfactory.  It  is  the  invention  of  Mr.  Shaw, 
of  Philadelphia,  and  the  following  description  which 
is  given  in  the  Scientific  American  thoroughly  ex- 
plains its  action  : — 

The  object  of  the  inventor  in  designing  this  punrp 
was  to  obtain  the  simplest  and  most  efficient  device 
for  the  purpose.  It  is  well  known  that  steam  pumps 
in  general  are  complete  steam  engines,  having  all 
the  parts  usually  found  in  them.  It  will  be  seen  by 
the  engraving  that  this  has  no  working  parts  that 
require  packing,  no  metallic  surfaces  in  contact,  and 
that  the  details  are  limited  in  number ;  in  fact,  the 
only  part  moving  is  a  cotton  duck  diaphragm,  which 
has  no  friction  whatever,  and  is  simply  a  floating 
wall  between  the  water  to  be  lifted  and  the  steam 
which  lifts  it.  It  follows  from  these  facts  that  the 
resistance  to  be  overcome  before  the  work  is  done  is 
reduced  to  nothing,  hence  no  lubrication  is  required, 
and  the  total  effect  of  the  steam  is  applied  directly 
to  the  water  itself,  the  diaphragm  aforesaid  being  the 
only  object  intervening. 

The  annexed  engraving  shows  a  vertical  section 
through  the  centre  of  the  pump,  of  which  A  is  the 
base  or  standard,  and  D  D  are  hemispherical  castings 
of  iron  with  Hanged  edges,  united  by  bolts  W.  In- 
tervening between  said  flanges,  and  stretching  across 
said  hemispheres,  is  a  rubber-coated  duck  diaphragm, 
of  sufficient  diameter  to  allow  it  to  float  to  the  ex- 
treme upper  and  lower  walls  of  the  hemispherical 
dibks,  D  D.  The  lower  half  of  the  hemispherical 
disk  is  coated  with  vulcanised  rubber,  thus  preventing 
the  too  rapid  cooling:|of  the  steam  chamber.  C  is 
the  wall  of  the  hot  well ;  U  is  outlet  waterpipe  with 
valve  opening  outward ;  T  is  inlet  water-pipe,  provided 
with  valve  K,  opening  inward ;  0  is  the  injecting 
nozzle,  provided  with  a  valve  opening  inward.  This 
injecting  nozzle  is  connected  by  a  small  pipe,  P,  with 
outlet  pipe,  U.  V  is  a  steam  pipe  from  boiler,  pro- 
vided with  cock,  B,  and  leading  to  steam  chest,  B, 
and  also  to  starting  cock,  S.  J  is  a  tubular  valve, 
with  its  seat  at  Q,  and  is  prov  ded  at  the  bottom  of 
this  tube  with  a  light  coiled  spring,  as  shown.  I  is  a 
valve  stem  clasping  diaphragm  disks,  M,  and  having 
a  button  or  nut  on   its  lower  end,  playing  loosely  in 
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valve  tube,  J,  for  the  purpose  of  operating  valve,  J,  by  opening  it  and 
closing  it  alternately  at  its  seat,  Q.  E  is  a  well  for  the  collection  of  con- 
densed steam;  L  is  a  pipe  to  conduct  live  steam  from  steam  chamber,  B, 
through  the  hot  well  to  lower  hemisphere  ;  F  is  a  pipe  for  the  escape  of 
condensed  steam,  with  outlet  cock,  H,  to  limit  the  amount  of  escape,  and 
lias  also  a  valve  at  G,  opening  outward. 

The  pump  is  operated  by  opening  the  cocks,  R  and  S.  which  let  steam 
into  the  body  of  it.  The  air  contained  therein  is  driven  out  through  the 
pipe,  F,  when  the  cock,  S,  is  closed.  As  soon  as  the  steam  in  the  pump  is 
reduced  to  the  pressure  of  the  atmosphere,  a  jet  of  water  will  be  thrown 
into  the  pump  through  the  nozzle,  0,  which  is  supplied  from  the  leed  pipe, 
P.  The  steam  is  thus  condensed,  a  vacuum  is  formed  below  the  diaphragm, 
and  it  comes  down  immediately,  followed  by  the  water,  which  rushes  in 
through  the  roaiu  suction  pipe.  In  the  act  of  descending  the  valve  stem, 
I,  attached  to  the  diaphragm,  strikes  a  spring  at  the  bottom  of  the  valve 
tube,  J,  and  opens  it  at  its  seat,  Q,  which  allows  the  live  steam  to  enter 
the  body  of  the  pump  directly  under  the  diaphragm,  and  lilting  the  same, 
precisely  as  a  piston  would  do,  ejects  the  water,  which  entered  at  its  down 
stroke.  The  injection  water,  of  course,  does  not  enter  while  the  steam  is 
under  the  diaphragm  and  doing  its  work,  as  the  pressure  prevents  it,  but 
so  soon  a»  it  is  expended,  and  the  pressure  reduced,  the  steam  being  con- 
densed as  before  the  diaphragm  descends,  and  the  pump  acts  automatically. 
The  number  of  strokes  per  minute  varies  from  five  to  ten,  and  the 
height  to  which  the  water  is  elevated  depends  upon  the  pressure  of  steam 
employed. 

It  will  be  seen  that  it  takes  steam  only  one  way,  and  that  the  steam  is 
condensed,  showing  a  very  marked  advantage  over  pumps  that  take  steam 


|  both  ways,  and  exhaust  it  into  the  atmosphere  or  throw  it  away  at  every 
■  stroke.  These  pumps  have  been  running  for  several  months  at  the  manu- 
facturer's works,  feeding  boilers,  and  doing  other  work.  They  ate  said  to 
have  drawn  water  the  full  limit  of  distance  allowed  for  atmospheric  pres- 
sure, and  through  very  many  angles  and  crooked  passages;  the  peformance 
leaves  nothing  to  be  desired.  They  are  economical  in  fuel,  act  with  great 
regularity,  and  require  no  attention  after  once  starting. 


CORRESPONDENCE. 


We  cannot  hold  ourselves  responsible  for  the  opinions  of  our  Correspondent). 


IRRIGATION  IX  INDIA. 

Sir, — I  have  just  received  an  official  return  of  the  areas  irrigated  in 
the  Norlh-Western  provinces  of  India  during  the  official  year  of  1868 — 
69,  which  closed  iu  April  last,  along  with  the  orders  passed  by  His  Honour 
the  Lieut. -Governor,  on  the  subject,  for  which  I  trust  you  will  find  space, 
as  it  confirms   what  The  Aetizax  said  on  the  subject  iu  May  last. 

Though  this  return  does  not  show  the  areas  watered  by  each  canal,  yet 
it  is  not  difficult  to  arrive  at  an  approximate  and  correct  conclusion  :  for 
the  last  four  districts  mentioned,  of  which  iu  all  only  equal  82,521  acres, 
were  irrigated  by  the  water  courses  in  the  Dehra  Dhoon,  and  in  districts 
east  of  the  river  Ganges ;  so,  as  the  Eastern  Jumna  Canal  can  only  irri- 
gate portions  of  the  three  first  districts  on  the  list,  it  is  evident  that  all 
the  remaining  irrigation  is  due  to  the-  Ganges  Canal. 


PUBLIC  WORKS  DEPARTMENT.— Irbigatiox  Operations  of  1868-69. 
Comparative  Statement  of  Irrigation  in  India  and  Pain-fall  for  years  1867-68  and  1668-69  in  Canal  Districts  of  the  Iforth-Westem  Provinces. 
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The  only  questien  to  discover  is,  how  much  irrigation  in  these  first  three 
districts  is  due  to  each  of  the  two  canals  which  water  the  "  Doah,"  and 
this  may  approximately  be  arrived  at  by  referring-  back  to  the  irrigation 
returns  of  former  years.  By  going  back  three  years  to  the  official  year  of 
1865 — 66,  it  will  be  found  that  only  160,356  acres  were  irrigated  that 
year,  by  the  Eastern  Jumna  Canal,  and  this  after  it  had  been  open  for  35 
years,  so  making  every  allowance  for  the  wetness  of  that  season  and  the 
dryness  of  that  just  past,  it  would  b6  a  very  liberal  allowance  to  say  that 
the  area  irrigated  last  year  by  this  old  canal  might  be  double  the  area 
watered  three  years  before. 

This  would  give  an  area  of  320,712  acres. 

To  which  has  to  be  added  due  to  other  canals  82,521       „ 

Making  a  total  to  be  deducted  of 403,233       „ 

From  the  total  irrigation  of 1,425,702       „ 

Thus  leaving  a  balance  of 1,022,469       „ 

due  to  the  irrigation  from  the  Ganges  Canal,  which  at  Rs.  2-2-0,  or  4s.  3d. 
per  acre,  amounts  to  £215,275,  but  as  very  nearly  ten  per  cent,  of  the 
total  revenue  is  due  to  navigation,  mill  rents,  &c,  the  sum  of  £23,908 
requires  to  be  added,  thus  the  total  revenue  from  the  Ganges  Canal  last 
year  would  be  very  nearly  £239,183,  instead  of  £250,000,  or  hardly  five 
per  cent,  below  the  estimate  given  in  The  Aetizan  in  May  last,  after 
making  a  most  liberal  allowance  for  the  increased  irrigation  by  the  Eastern 
Jumna  Canal. 

Again,  if  one  acre  of  land  produces  sufficient  to  feed  three  people  for  a 
whole  year,  which  it  is  believed  it  can,  some  three  million  human  beings 
have  been  fed  by  the  Ganges  Canal  last  year,  and  but  for  it  a  very  large 
proportion  of  this  number  must  have  perished  from  starvation. 

This  has  'all  been  accomplished  by  a  canal  which  was  supposed  to  have 
been  a  failure,  both  in  an  engineering  and  financial  point  of  view,  but 
which  I  almost  alone,  for  the  past  nine  years,  maintained  was  not  the  case. 

Now  that  I  have  lived  to  see  every  word  I  have  said,  substantiated  by 
official  records,  I  think  I  have,  sir,  cause  to  feel  gratified. 

I  remain, 

Sir, 
Yours  obediently, 

T.  LOGIN,  C.E. 
Late  Supt.  Northern  Division  Ganges  Canal. 
Weston-super-Mare, 

9th  Sept.,  1869. 

Eesolution  No.  1,813,  dated  Allahabad,  the  17th  July,  1869. 

Read — Comparative  Statement  of  Irrigation  and  Rain-fall  for  the  years 
1867-68  and  1868-9  in  canal  districts  of  the  North-Western  Provinces. 

Observations. — This  statement  simply  exhibits  in  a  tabulated  arithmetical 
form  the  great  work,  with  which  the  Lieutenant-Governor  was  already 
familiar,  performed  by  the  Ganges,  Eastern  Jumna,  and  Rohilcund  Canals. 
It  would  hardly  be  possible  to  over-estimate  the  blessings  conferred  upon 
these  provinces  by  the  irrigation  of  over  a  million  and  four  hundred  thou- 
sand acres,  the  greater  part  of  which  would  otherwise  have  failed  to  pro- 
duce any  harvest.  The  bare  statement,  taken  in  connection  with  the 
peculiar  difficulties  of  the  year,  is  the  highest  encomium  the  Irrigation 
Department  can  receive. 

The  Lieutenant-Governor  will  reserve  further  remarks  until  the  detailed 
reports  have  been  laid  before  him.  But  the  statement  now  submitted  con- 
tains so  complete  and  satisfactory  an  epitome  of  the  results  of  the  year's 
administration,  that  His  Honour  is  pleased  to  direct  its  early  publication 
in  the  supplement  to  the  Goverment  Gazette. 

By  Order,  &c., 
W.  H.  Geeathed,  Colonel  R.E., 
Joint  Secy,  to  Govt.,  N.  W.  P.,  P.  W.  Dept. 


NOTICES  TO  CORRESPONDENTS. 

J.  Thompson  (Liverpool). — We  have  received  your  description  of  a  new 
method  of  obtaining  motive  power,  and  are  sorry  to  perceive  that  it  is 
another  attempt  at  perpetual  motion — or,  in  other  words,  to  get  some- 
thing out  of  nothing.  We  can  only  advise  you  to  give  it  up,  and  turn 
your  attention  to  something  more  practicable. 

Napoleon. — Your  scheme  for  a  railway  from  Dover  to  Calais  is  decidedly 
too  original  and  too  grand  for  the  columns  of  The  Aetizan.  Try  a 
comic  paper. 


NOTES  AND  NOVELTIES. 


< 


MISCELLANEOUS. 

Painless  Amputation.— Mr.  H.  B.  McMasters,  of  Stockton,  U.S.,  had  four  fingers 
completely  severed  from  his  right  hand  a  short  time  ago  by  a  circular  saw,  about  which 
he  was  at  work.  He  says  he  did  not  feel  the  act  of  amputation,  and  was  not  even  aware 
of  it  until  he  saw  the  blood  upon  the  board  where  he  was  at  work.  He  resumed  his 
place  in  the  mill  immediately  after  the  wound  was  dressed.  We  commend  this  to  the 
attention  of  Dr.  Richardson. 

The  Cotton  Chop. — The  Cotton  Commissioner  for  the  Central  Provinces  of  India 
and  the  Berars,  in  writing  to  the  Bombay  Chamher  of  Commerce  on  the  21st  of  last 
month  from  Nagpore,  states  that  on  the  whole  the  prospects  of  the  cotton  crop  in  that 
district  are  favourable.  The  season,  he  says,  has  been  a  trying  one,  but  the  rain  has 
always  fallen  when  it  was  most  wanted,  and  cultivators  are  in  good  spirits,  and  predict 
a  good  season.  In  the  country  above  the  hills  to  thes  outh  of  Khangaon  and  Oomarstee, 
the  rainfall  has  been  abundant,  and  the  cotton  crop  is  reported  to  be  forward. 

Santiago-de-Chili  International  Exhibition. — Last  year  a  notice  was  given  in 
The  Artizan  that  the  Chilian  Government  would  holdr  an  agricultural  exhibition,  in 
which  some  large  prizes  were  to  be  distributed  to  the  successful  competitors.  A  grand 
prize  of  a  gold  medal  and  800  dollars,  or  £160,  was  offered  for  the  best  collection  of 
agricultural  machinery  :  and  another  of  a  gold  medal  and  500  dollars,  or  £100,  for  the 
best  steam-thrashing  machinery.  Many  other  gold  medals  and  prizes  of  smaller  value 
were  ottered.  English  firms  have  carried  off  the  lion's  share  of  the  prizes.  Messrs. 
Bansomes,  Sims,  and  Head,  for  their  thrashing  machine,  got  the  first  prize  and  gold 
medal ;  Messrs.  Clayton  and  Shuttleworth  the  second  gold  medal.  Special  prizes  were 
also  gained  by  Messrs.  Howard.  American  manufacturers  came  in  second  for  chief 
prizes. 

The  Smoke  Nuisance  at  Newcastle-upon-Tyne.— The  committee  appointed  at  the 
meeting  held  in  the  Guildhall,  Newcastle,  has  had  a  conference  at  the  council  chamber, 
under  the  presidency  of  the  Mayor.  Considerable  discussion  arose  as  to  the  steps  to  be 
taken.  The  most  perfect  unanimity,  however,  prevailed  as  to  the  desu'ability  of  acting 
in  such  a  way  as  not  to  embarrass  unnecessarily  the  important  manufacturing  and 
mining  interests  of  the  neighbourhood.  There  is  said  to  be  a  general  feeling  among 
owners  of  works,  collieries,  &c,  that  the  time  has  come  for  doing  something  towards 
suppressing  the  nuisance.  A  sub-committee  was  appointed  to  inquire  into  all  the  plans 
proposed,  or  in  operation,  for  the  prevention  of  smoke  and  obnoxious  vapours,  and  to 
report  to  the  general  comittee  at  their  next  meeting. 

The  Wolf  Bock  Lighthouse  Door. — The  brass  door  made  for  the  Wolf  Bock 
Lighthouse  weighs  13  cwt.,  and  cost  £170.  Where  it  will  be  fixed  a  door  of  solid  oak, 
4  in.  thick,  was  shivered  into  fragments  by  the  sea,  and  one  4  in.  thick,  strengthened  by 
bars  of  iron  4  in.  square,  is  locum  tenens  till  the  brass  one  be  put  up. 

Electric  Light. — The  directors  of  the  Transatlantic  French  Steam  Navigation  Com- 
pany have  entered  into  a  contract  for  supplying  to  their  vessels  magneto-electric 
machines  and  other  requisite  apparatus  for  exhibiting  on  board  during  the  night-time 
electric  lights  as  signal-lamps.  The  superiority  of  this  light  is  manifest.  It  need 
hardly  be  pointed  out  that,  by  adopting  this  mode  of  illumination,  the  directors  of  the 
aforesaid  steam  navigation  company  greatly  increase  the  safety  of  their  vessels.  Electric 
light  ought  to  be  more  generally  used  for  this  purpose. 

A  New  Preservative  against  Fire. — M.  Eeinsch  states  that,  having  been  requested 
to  report  to  a  fire  insurance  company  about  the  best  means  of  preventing  timber 
bursting  into  flame,  he  experimented  with  various  salts,  and  at  last  came  to  the  conclu- 
sion as  the  result  of  his  experiments,  that  impregnating  timber  with  a  concentrated 
solution  of  rock  salt,  is  as  good,  if  not  better,  a  preservative  against  its  bursting  into 
flame  as  water  glass  (silicate  of  soda),  while  the  price  of  the  former  salt  is,  of  course, 
only  a  mere  trifle;  moreover,  rock  salt  thus  applied  to  timber  is  a  preservative  against  dry 
rot  and  noxious  insects.  The  author  recommends  the  use  of  saltwater,  that  is  to  say,  a 
solution  of  rock  salt  of  moderate  strength  for  the  use  of  fire  engines  during  a  fire  as  by 
far  more  effective  than  wBter;  but  in  order  that  the  salts  should  not  injure  the  working 
parts  of  the  engines,  they  will  immediately  afterwards  have  to  be  played  with  fresh 
water  again. 

What  becomes  op  Old  Shoes. — They  are  cut  up  in  small  pieces,  and  these  are  put 
for  a  couple  of  days  into  chloride  of  sulphur,  the  effect  of  which  is  to  make  the  leather 
very  hard  and  brittle.  When  this  is  found  so  have  been  effected  the  material  is  withdrawn 
from  the  action  of  the  chloride  of  sulphur,  washed  with  water,  dried,  ground  to  powder, 
and  mixed  with  some  substance  which  causes  it  to  adhere  together,  for  instance,  shellac 
or  any  other  resinous  material,  or  also  good  glue  or  thick  solution  of  gum;  it  is  then 
pressed  into  moulds,  and  shaped  into  combs,  buttons,  knife  hafts,  &c. 

The  Cost  op  Purifying  our  Rivers.— An  important  experiment  is  now  being  made 
at  Bradford  with  the  view  of  purifying  the  polluted  streams  of  the  neighbourhood. 
Works  have  been  erected  by  Mr.  Holden  for  deodorising  and  utilising  the  sewage.  The 
outlay  in  plant  for  the  purification  of  2,500,000  gallons  of  sewage  per  day,  including  the 
price  of  the  10,000  square  yards  of  land  required,  the  cost  of  tanks,  necessary  buildings, 
engines,  tools,  and  everything  necessary  to  carry  on  the  process,  would  it  is  calculated, 
be'about  £14,000.  The  cost  of  conducting  the  process  afterwards  would  be  about  Id. 
per  1,000  gallons  per  day,  or,  for  a  town  sending  down  2,500,000  gallons  of  sewage,  £10 
8s.  4d.  a  day.  Those  who  have  seen  the  Bradford  steam  admit  that  if  the  experiment 
succeeds  there,  it  need  fail  nowhere  else. 

NAVAL  ENGINEERING. 

An  Engineering  Novelty. — Messrs.  Stothert  and  Pitt,  the  well-known  firm  of 
engineers  at  Bath  have  just  completed  an  important  piece  of  machinery  to  be  used  in 
dock-making  at  Kurraehee,  India.  The  Titan  for  so  it  is  called,  consists  of  a  huge  square 
frame  with  a  long  neck,  constructed  of  iron  girders  and  mounted  on  four  wheels,  so 
that  it  can  run  on  a  tramway.  On  the  top  of  the  frame  at  one  end  is  a  steam  crane, 
while  placed  on  the  neck  is  an  hydraulic  crab.  By  means  of  this  huge  engine 
concrete  blocks  weighing  27  tons  each  will  be  deposited  in  their  places  in  the  dock  which 
is  being  constructed  at  the  above  port.  The  Titan  is  somewhat  of  a  novelty,  and  its 
weight  is  about  200  tons  and  has  been  satisfactorily  tested  up  to  40  tons. 

A  13in.  sea-service  mortar  of  five  tons  weight  has  been  ordered  to  be  converted  upon 
Major  Palliser's  plan  into  a  9in.  rifled  mortar  of  about  6J  tons  weight,  to  fire  the  9in. 
service  rifled  shell,  which  contains  a  bursting  charge  of  18  lb.  of  powder.  The  bore  of 
the  mortar  will  be  elongated  to  about  4ft.  6in. ;  and  a  range  of  about  7,000  yards  is  ex- 
pected to  be  obtained  from  a  charge  of  20  lb.  of  powder.  Some  further  experiments  are 
being  carried  on  with  two  lOin.  shell  guns,  which  are  being  converted  respectively  into 
an  8in.  and  a  7in.  rifled  gun,  in  order  to  determine  the  most  suitable  calibre  for  the  con- 
version of  cast  iron  lOin.  shell  guns.  The  whole  of  the  212  8in.  guns  converted  into  6'3in. 
rifled  guns  by  Sir  Wm.  Armstrong  and  Co.  have  been  passed  into  the  service,  and  200 
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more  are  in  course  of  conversion  in  the  royal  gun  factories.  It  is  probable  that  a  coiv 
siderable  number  of  guns  will  be  converted  next  year  for  land  defences,  the  whole  of  the 
above  437  guns  being  for  the  navy. 

LAUNCHES. 

Launch  at  KnrGHORW  of  ihb  Lahgest  Vessel  tet  Bctlt  in  the  Forth. — The 
largest  iron  ship  yet  built  on  the  shores  of  the  Forth  was  successfully  launched  on  the 
7th  alt  from  Mr.  Key's  shipbuilding  yard  at  Abden,  near  Kinghorn.  The  Abden  is  305ft. 
in  length  between  perpendiculars,  and  over  all  320ft.  In  breadth  of  beam  she  measures 
39ft.;  while  her  depth  of  hold  is  28ft.  Her  engines,  which  have  been  made  by  Mr.  Key 
at  his  works  at  Kirkcaldy,  are  surface  condensing,  on  the  horizontal  principle.  They 
are  600  nominal  horse  power,  and  she  is  expected  to  steam  at  the  rate  of  V6\  or  1*  knots 
an  hour.  The  diameter  of  the  cylinders  is  70in.  and  the  stroke  is  38in.  Steam  is  gene- 
rated in  four  tubularboilers,  with  four  furnaces  each.  She  is  2,167  tons  burthen,  builders' 
measurement.  The  Abden  is  a  three-decker,  and  will  be  brig-rigged,  with  iron  foremast 
and  bowsprit.  She  is  intended  for  the  passenger  mail  service,  but  could  be  fitted  up  to 
contain  1,000  troops  as  a  transport. 

DOCKS,  HARBOURS,  BRIDGES. 

Afstbia  ajtd  the  Suez  Canal. — The  Vienna  press  strongly  recommend  Austrian 
merchants  and  manufacturers  to  make  preparations  for  taking  advantage  of  the  new 
channel  for  Austrian  commerce  which  will  be  afforded  by  the  opening  of  the  Suez  Canal. 
Austria,  they  say,  is  already  placed  in  a  very  advantageous  position  for  this  purpose  by 
her  seaports  and  railways,  and  when  the  southern  lines,  for  whose  construction  prepara- 
tions are  now  being  made  at  Vienna  and  Pesth,  are  completed,  the  monarchy  will  be  the 
best  medium  of  communication  with  the  East  by  way  of  the  canal.  At  the  same  time 
it  is  pointed  out  that  among  the  Austrian  merchants,  manufacturers,  and  shipowners, 
the  greatest  indifference  prevails  on  this  subject,  and  that  there  does  not  seem  to  be  even 
any  desire  to  obtain  information  as  to  the  facilities  for  extending  Austrian  commerce  in 
articles  whose  production  is  almost  exclusively  confined  to  the  monarchy. 

Xew  Ikon  Piee  at  Douglas. — The  town  of  Douglas  in  the  Isle  Man  was  all  en  fete 
on  the  19th  ult,  on  the  occasion  of  the  opening  of  the  new  Promenade  Pier.  The 
inaugural  ceremony  was  performed  by  Mrs.  Lock,  the  wife  of  the  Lieutenant-Governor 
of  the  Island.  The  High  Bailiff,  complimented  the  contractor,  Mr.  John  Dixon,  of 
London,  for  the  liberal  and  energetic  spirit  in  which  the  work  has  been  carried  out.  The 
first  pile  was  driven  on  the  17th  of  last  March,  so  that  the  entire  structure  containing 
many  hundred  tons  of  iron,  has  been  completed  within  the  short  space  of  five  months." 

RAILWAYS. 

Pacific  RAHEOAn. — The  passenger  travel  on  the  Pacific  Railroad  continues  very 
heavy.  Pullman  is  running  two  and  sometimes  three  palace  sleeping  cars  on  each  train, 
which  are  always  full. 

The  Elevated  Railway  in  New  York— A  New  York  city  daily  states  that  "the 
first  one  of  the  cars  of  the  West  Side  Elevated  Railway  has  been  completed  and  placed 
on  the  track.  It  is  lightly  but  firmly  built ;  is  in  appearance  between  a  railroad  and  a 
horse  car;  is  27  by  7  feet  in  dimensions,  neatly  fitted  inside  with  oak  and  black  walnut, 
and  is  expected  to  seat  forty  people.  The  body  of  the  car  was  made  at  Sandwich,  Mass., 
and  the  running  gear  at  the  company's  workshop  in  New  York.  The  average  rate  at 
which  the  cars  will  run  will  be  about  12  miles  an  hour,  although  it  is  anticipated  that 
they  can  attain  a  speed  of  25  miles  an  hour,  if  necessary.  The  American  Artizan,  com- 
menting upon  the  above,  says  :— When  the  West  Side  Elevated  Railway  Company,  on 
its  scarcely  rectilinear  track  and  with  its  system  of  rope  traction,  ruus  a  car  filled  with 
passengers  at  the  rate  of  25  miles  an  hour,  "  may  we  be  there  to  see ! " 

ACCIDENTS. 

Boiler  Explosion. — On  the  16th  ult  there  was  an  explosion  of  a  boiler  at  the  oil  mills 
of  Mr.  Henry  Hodge,  of  Holdemess-road,  Hull.  It  appears  that  the  fireman  was  em- 
ployed in  firing  up,  when  without  any  previous  signs  of  the  existence  of  defect,  the 
boiler  burst  with  a  loud  explosion.  The  fireman  was  carried  by  the  force  of  the  explosion 
over  three  adjoining  two-storeyed  buildings,  a  distance  of  thirty-four  yards  and  dashed 
with  his  head  against  a  wall.  He  was  quite  dead,  and  his  body  was  fearfully  disfigured. 
A  youth  who  was  near  the  boiler  was  much  scalded.  When  the  boiler  was  inspected,  it 
was  found  that  the  explosion  had  twisted  what  was  left  of  it  to  an  inconceivable  extent. 
The  force  of  the  explosion  carried  away  ami  completely  destroyed  a  large  press  in  imme- 
diate proximity  to  the  building  where  it  occurred.  It  also  carried  away  the  roof  of  the 
premises  and  part  of  the  walls.  The  boiler-house  was  razed  to  the  ground,  not  the  least 
part  of  it  remaining  standing.  A  large  quantity  of  rubbish  was  carried  a  distance  of  two 
hundred  yard-. 

MINES,  METALLURGY,  &c 

The  Gold-fields  in   Scotland. — The  Kildonan  diggings  arc  still  maintaining  a 
/!■   lor  existence,  but  it  is  only  of  a  lingering  description,  there  being  now  only 
»«nt  at  work.      They    have,  however,  been    pretty  succcessful  ot  late  On 

the  new  piece  of  ground  allotted  to   them  on  the    hum  betide  the  Kildonan  lent  vil- 
la being;  worked  out,  and  there  is  little  hope  that  the  diggers  will  gi 
-  marked  out  to  them  at   the   places  where  they  desire  when  t£  are  ex- 

III  ii  am    MINI  I  or  Ai.maokit.— M.  Jouglct  says  that  mereurv,  as  metal,  has  been 
1  from  the  i  antiquity— that  theie  have  been  a  I  tor  mercury 

Hinor  In  the  time  of  Xenophon:  the  mines  ofAlamaden,  Spain",  is  vet  the 
largest  source  of  mercury  for  Europe,    The  cost  of  100  kilos,  of  ti:< 

id  10  centime! ;  but  it  yields,  as  this  author,  says  I 
managem  ..'.  onlj  >■•■'  per  cenl  '.i  mercury,  100  kilos,  of  which  ■■•>  i.  on  the  spot,  mi 

is  already  177 
cost  of  transport  and  the  Iron  r«    els  hi  whl  h  the  m  tal 
ried.    The  average  quantity  of  memory  produced  annually  an. 
by  weight. 
The  discovery  of  two  new  diamond-fields— those  of  tin-  Cape  .-i!,.i  ,,.  Victoria— hat 
demand,    i  he  Ea  I  imiinn  rappl 

Ell.    Onthi   ■• tl    I 

for  diamond*  has  declined,  in  Ranis,  'I  urkey,  Spain,  and 
created  by  the  fashion  in  Paris  under  the  Empire  and  in  the  United  States.      I' 
diamond- or  diamond  dual  for  trade  ;  arpo  i     thi  want  has  Increased,  and  th 
times  .  l     ■  per  ounce. 

WATER. 

os.— A  iron  pipe,  eleven  Inches  in  diameter  and  no, and 

two  third   mill   j  long,  has  been  laid   In  Tnolum  aliromia.    It  runs  downs 

mountain,  under  s>  creek,  and  up  the  ■•!  cenl  or  tl  • 

pressure  at  the  lowest  p  iftll 
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COPPER. 

Best  selected,  per  ton    

Tough  cake  and  tile  do 

Sheathing  and  sheets  do 

Bolts  do 

Bottoms  do 

Old  (exchange)  do 

Burva  Burra  do 

Wire,  per  lb 

Tubes  do 

BRASS. 

Sheets,  per  lb 

Wire  do 

Tubes  do 

Yellow  metal  sheath  do 

Sheets  do 

SPELTER. 

Foreign  on  the  spot,  per  ton    

Do.  to  arrive  

ZINC. 

In  sheets,  per  ton  

TIN. 

English  blocks,  per  ton 

Do.  bars  (in  barrels)  do 

Do.  refined  do 

Banca  do 

Straits  do 

TIN   PLATES.* 
IC.  charcoal,  1st  quality,  per  box    . 

IX.  do.  1st  quality  do 

IC.  do.  2nd  quality  do 

IX.  do.  2nd  quality  do 

IC.  Coke  do 

IX.  do.  do 

Canada  plates,  per  ton 

Do.  at  works  do 

IRON. 

Bars,  Welsh,  in  London,  per  ton    . 

Do.  to  arrive  do 

Nail  rods  do 

Stafford  in  London  do 

Bars  do.  do. 

Hoops  do.  do 

Sheets,  single,  do 

Pig  No.  1  in  Wales  do 

Refined  metal  do 

Bars,  common,  do 

Do.  mrch.  Tyne  or  Tees  do 

Do.  railway,  in  Wales,  do 

Do.  Swedish  in  London  do.  

To  arrive  do 

Pig  No.  1  in  Clyde  do 

Do.  f.o.b.  Tyne  or  Tees  do 

Do.  No.  :?  and  1  f.o.b.  do 

Railway  chain  do 

Do.  spikes  do 

Indian  charcoal  pig  in  London  do. 

STEEL. 

Swedish  in  kegs  (rolled),  per  ton.... 

Ilo.  (hammered)  do 

Do.  in  faggots  do 

English  spring  do 

-n.VEK,  per  bottle 

LEAD. 

English  pig,  common,  per  ton 

I.. i'-.  do 

Do.  W.I!,  do 

Do.  iheat,  do 

Do.  rci  lead  do 

Do.  white  do 

Do.  patent  shot  do 

Spanish  do 


£ 
76 
74 
78 
78 
81 
65 
78 
0 
0 

0 
0 
0 
0 
0 

20 
20 

26 

126 
127 
131 
135 
131 


1 
1 

1 
1 
1 
1 
13 
12 

6 
6 
7 
7 
7 
8 
9 
3 
4 
6 
6 
7 
!i 

10 
2 
2 
2 
5 

11 

<; 


i  i 

15 
L8 

6 

19 

19 
20 
19 
80 
87 
89 
is 


From 
s. 
0 
0 
0 
0 
0 
0 
0 

1 


d. 
0 
0 
0 
0 
0 
0 
0 
0 
0    11* 


0      9 

0      8* 
0     10* 


0 

0 

10 

10 


8 
14 

6 
12 

3 

9 
10 
10 

17 

15 
2 

10 
7 
0 
0 

15 
0 
0 

10 
6 

17 
0 

18 
9 
G 

10 
0 
0 


18 

ir. 

0 

17 

0 
10 

.-. 

10 
0 
0 

10 


£ 

77 
75 
79 


7 
8 
8 
9 
11 
4 
5 
G 

7 
10 


15 
16 

L':t 


To 
f. 
0 
0 
0 


0       0 


10 
16 

8 
14 

4 
10 


5 
0 
0 
15 
0 
5 
0 
5 

10 
0 


7 
15 

0 
10 


10 
0 


83       0       0 


0 


8* 
lit 


26     10      0 
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LIST  OP  APPLICATIONS  FOR  LETTERS 
PATENT. 

Wb    HAVE     ADOPTED      A     NEW     ARRANGEMENT    OF 

thh  Provisional  Protections  applied  *or 
BY  IKVKNTORS  at  the  Grbat  Sral  Patent 
OpviCH.    IF    ANT     DIFEICOLTY     SHOULD    ARI3B 

with  reference  to  thb  namh3,  addresses, 
or  titles  oxvbn  in  thb  list,  thb  rbqui- 
sitb  information  will  bb  furnished,  frhb 
of  bxpbnsb, from  thb  office,  by  addressing 
a  letter,  prepaid,  to  thh  editor  of 
"  The  Artizan.* 


Dated  August  20th,  1869. 

2487  XV.    S.   Sutherland— Welding     plates    of  iron 

and  steel 
■2488  A.  Wigzell— Steam  boilers 

2489  W.  Long  bottom  and  A.  Willau— Velocipedes, 
&c. 

2490  W.  Byrne— Distilling,  &c. 

12491  H.  J.  H.  King— Measuiing  the  flow  or  passage 

of  liquids 
5492  L,  B.  Fortin  and  J,  Ferrabee— Manufacture  of 

bats 

2493  A.  V.  Newton— Paint 

Dated  August  21st,  1869. 

2494  W.  Allan,  W.  Payne,  and    A.  B.  Fraser— Ex- 
tinguishing tires 

2495  A.  Neill — Cutting  or    producing   an  even  sur- 
face on  stone 

2496  G.  W.  Morgan— Life  buoys 

2497  J.  Barlow— Toilet  quilts 

2498  F.  Coote  and  F.  XV.  Cranch— Improvements  iu 
velocipedes 

241)9  A.  M.  Clark— Springs 

2500  P.  A.  Blake — Safety   explosive  compound   for 

blasting,  &c. 
3501  J.  Baur— Steel 

Dated  August  23rd,  1869. 

2502  H.  Henchman— Windmills 

2503  T.  Gibb  and  C.  Gelstharp— Extractiou'of  cop- 
per from  its  ores 

2504  N.  Delandteheer — Combing  roachiues 

2505  H.  A.  Bonneville— Carding  wool 

2506  L.  C.  Girard— Railways,  ftc. 

2507  T.  Whitehead— Sickle  or  roller  end  for  har- 
dening machines,  &c. 

2508  W.  R.  Lake— Raising  water.  &c. 

2509  W.  R.  Lake — Posts  for  i;as  lamps 

2510  J.    H.    Johnson  —  Producing  imitations  and 
substitutes  for  wood 

Dated  August  24lh,   1869. 

2511  J.  Frengley— Tell-tale  clock' 

2512  %.  Col  burn  — Construction    and     launching   of 
subaqueous  ways 

2513  J.    Williams — Junction   of  barrel  for   breech* 
loading  firearms 

2514  H.  "Taylor— Velocipedes 

2515  F.  Oakley— Holding  firmly  iu  their  places  bolt 
nuts     ( 

3516  J.  E.  Hodgkin— Breaking   the  woody  parts  of 
flax.  &c. 

2517  T.  Briggs—  Spinning  cotton,  &e, 

2518  J.  D.  Nietscke — Preserving  dead  bodies 

2519  J.  Valters— Refining  ale,  &c. 
2620  T,  Webb— Ventilation  of  mines 

'  Dated  August  25th,  1869. 

2521  W.    J.    Cockbum-Muir— Permanent     way   of 
mil  ways 

2522  R.  Mavnard— Chaff-cutting  machines 

2523  C.  Mackay  and  T.  K.  Wheeler-Cops  for  weft- 
ing,&c. 

2524  T.  Shakespear  and    G.  Illston — Improvements 
in  sewing  machines 

2525  O.  Varley    and    F.    H.  Varley— Transmitting 
electric  signals 

2526  C.  Cerisier — Ventilation  of  millstones 

2527  T.  Cole v— Cultivation  of  hops 
2526  W.  R.  Lake—Braiding  machines 

2529  H.   Call — Maohinsry    for     obtaining     motive 
power 

2530  G.Zoehand  A.  Lehmann — Yeast  or  artificial 
cement 

2531  A.  F.   Cederweller  and  A.  F.   Westerlund— 
Porcelain.faienee  manufactory 

2532  W.  Brown — Disposing  ships'  cabins  to  prevent 
sea  sickness 

Dated  August  26th,  1869. 

2533  C.    D.    Abel— Separating    carded    fleece    into 
slivers,  Sec. 

2534  H.  P.  Stephenson,  E.  G.  Bartholomew,  and  R. 
King— Lighting  gas  lamps 

2535  B.  Hunt— Steam  condensers 

2536  H.Yates— Lace 

2537  W.  R.  Lake— Carding  fibrous  materials 

Dated  August  27th,  1869. 

2538  K.  A   Co wper— Treating  cast  iron 

2539  A.  Moncrieff— Absorbing  the  force )of  recoil  of 
ordnance 

2540  J.  M.  Stanley — Iron  and  steel 

2541  O.  Vivier — Measuring    the   distance  travelled 
by  vehicles 

2542  F.  J.  Drechsler— Stoves,  &c. 

2543  W.  F.  Gedge— Ruilway  aleeper 

2544  B.  Hunt— Hulling  coffee,  &c. 

2545  J.  Teychenne— Additions  to  springs  for  mat- 
tresses 

2546  E.  A.  Campbell— Coffee  essence  extractor 
2247  W.  R.  Lake— Refining  lard 

2548  J.  Fion  and  W.  Charlet—  Sash   or  framework 
for  carriage  doors 

2549  S.  C.  Lister— Looms 

2550  R.  C.  Rapier— Railway  water  cranes 

2551  J.  Ritchie— Tents,  Stc. 


Dated  August  28th  1869. 

2552  C.  Duff— Paper  pulp,  &c. 

2553  T.  S.  Blair  and  F.  Ellerhausen— Treating  con- 
glomerates of  cast  iron 

2554  J.  Butterworth  and  3.  Ainswortb— Mangling 
machines 

2555  J.  Sptnotr  and  J,  Consterdine— Portable  dri- 
nug  machinery 

2556  J,  Hoi  da  worth — Loading  grain 

2557  R.  H.  Herrio«,C.  Plumbe,  and  W.  A,  Phi 

— Communicating  between,  passengers  aud  guard 
of  i  ail  way  trains 

2559  11.  S  W.  JMuir— Improvements  in  safety  appa- 
ratus tor  steam  boilers 

256U  R,  C.  Robinson — Stove  or  fire  grate 

2561  „*.  Loader-Rotary  engines 

2562  R.  Priestley— Fastenings  for  gloves 

Dated  August  30th,  1369. 
'256.1  L.  Goldberg— Watches,  &c. 
2;'G4  R.  J.    Wesiley— Constructing  and   converting 

billiard  tables 
2506  W.  Young— Clarifying  butter 

2566  T    Battell— Paper  pulp 

2567  XV  F.  Willi  .ms— Boxes  for  holding  jewellery 
and  other  article* 

2568  W.  Winter-Driving  belt 

2569  W.  E.  Newton— Nails,  Ac. 
2;>70  hi,  E.  Newton — Furnaces 

2571  C.  R.  Stooke— Cages  for  mine  shafts 

Dated  August  31st,  1869. 

2572  p.  W.  Potter— Wire  work 

2573  F  Durand  aud  C.  Beslay— Applying  the  im- 
comprrssibility  of  liquids,  &c. 

2574  A.   P  Tronchon— Elastic  seats 

2175  A.  McNeile — Breaks  fur  retarding  the  progress 
of  wheeled  carriages 

2576  W.  Glover- Looms 

2577  W.  R.  Newton— Washing  machines 

2578  T.  Cul«—  Wheels  of  carriages 

2579  T.  Wardlaw — Reaping  machines 

Datpd  September  1st,  1869. 

2580  T.  Wilpon — Screw  wrenches 

2.581  J.  Gtice  and  J,  G.  Harrison- Improvements  in 

axles 
25b2  J.  Shnn<! — Pumping  engines,  &c. 
2583  S.  Schiff — Filhug  pipes  for  smoking  tobacco 
25S4  XV,  Sj.  Ltvcotk — Weaviug 

2585  G.  H.  Nussey  aud  W,  B.  Leachman— Pressing 
woollen  fabrics 

2586  T.  Greenwood  and  J,  Bapty— Combing  silk, 
Ste. 

25S7  If,  Isniigk— Indicating  and  registering  the  pres- 
sure of  Bteaiu 

2588  It.  Scott  and  W.  Maclvor— Treatment  of  hy- 
drocarbon oils 

25n9  A.  M.  Davis— Alcoholic  drinks 

Dated  September  2nd,  1869. 
2500  S.  Willis— Railway  chairs 

2591  R.  Pitcairo — Rest  tor  supporting  the  arms  of 
a  person,  &c. 

2592  J.  Day— Raising  or  closing  the  shutters  of  car- 
riage doors 

2593  P.  McGough— Sash  frames.  &c. 

2594  F,  Prestag-e — Apparatus  to  be  adapted  to  rail- 
road carriages,  &c. 

Dated  Skptsmbkr  3rd,  1869. 

2595  R.  D.  Temple— Telegraph  post?,  &c. 

2596  S.  H.  Greaves— Kuives,  &c. 

2597  T.  Slater  —  Construction  of  electro-magnetic 
machines,  &c. 

2598  A.  M.  Clark— Steam  boilers 
2590  H.  Bridj-ewater—  Railway  chairs 

26UI)  K.  Spear — Transmitting    power    for   operating 

marine  signals 
2G01  A.  0<;g—  Printing  machines 

2602  W.  H.  Burnett— Modes  or  signalling' on  rail 
ways 

2603  G.  Henley— Dial  telegraphs,  &c. 

Dated  Septbmaer  4th,  1S69. 

2604  J.  G.  Lynde — Diaphragm  indicator 

2605  J.  Webster—  Nozzle  for  blowing  air,  &c. 

2606  A.  Defnes — Novel  application  of  glass  to  deco- 
rative purposes 

2607  J.Juekes — Furnaces 

2608  P.  Spence— Improvements  in  the  separation  of 
copper  from  ores 

2609  W.  Ambler  and  B.Jowett— Method  of  adver- 
tising 

2610  J.  Hargreaves  —  Extracting  phosphoric  acid 
from  the  tap  ciuder  of  puddling  furnaces  and  irou 
refineries 

2611  W.  H.  Reade — Machinery  for  clipping  the  hair 
of  animals 

2612  J.  Poiteous  and  H.  Gibson — Manufacture  of 
tobacco 

2613  W.  Wright — Treatment  of  burnt  cupreous  py- 
rites 

2614  F.  H.  W.  Heuer— Velotipedes 

2615  \V.  S.  Clark— Boots  and  shoes 

Dated  September  6th,  1969. 

2616  C.  F.  Claus— Caibonateof  soda 

2617  T.  S.   Webb— Iron  and  steel 

2618  J.  Kilwaids — Railway  carriages 

2619  C.  I).  Eccoffiei— Casters,  &c. 

2620  E,  T.  Hugnw— D  torn,  ate.) 

2621  T.  H.  Blamues— Rubbers  for  condensers  and 
piecing  machines 

2622  W.  E.  Newton — Reapiug  machines 

26'V3  F.  Wicke,J.  Brouner,  T.   Peterson,  and  J.  G. 

Zehfuas — Treatment  of  human  excrements 
2624  W.  E.  Gedsre—  Rectifying  alcohols 
2t>25  S.  F.  Ibbotsonand  A.    B.  I bbotson— Joints  of 

rnilwar  rails 
2G26  XV.  R.  Lake— Velocipedes 

Dated  September  7th,  1869. 

2627  R.  Martin,  W.  XV.  Martyn,  W.  C.  Trevena, 
and  T.  H.  Harry— Wheel  buddle  for  dressing  tiu 
ores,  fcc. 


2628  XV.  B.  Thompson— Auxiliary  screw  propellers 

2629  W.  H.  Richards— Nails 

2630  S.     Rawsthorna     aud   J.   Metcalf— Mules  for 
spinning 

2631  A.M.Clark— Ship* 

2632  F.  Ellershausen—  Utilising  the    force    of  the 
waves 

2633  T.  King— Pianofortes 

26S4  G    Little — Telegraphic  communications. 

2635  A.  V,  Newton— Preventing    the  radiation  of 
beat  from  steam  boilers 

Dated  Septbmbbr  8th,  1869. 

2636  R.  E.  Hodges— Keyhole  guides 

2637  R.  H.  Hill— Crossings  for  railways 

2638  H.  1).  P.  Cunningham— Stands  or  racks 
2630  H.  B.  Barlow— Knitting  machines 

2640  S.  Oddy  and  R.  Nnttall— Mules  for  spinning 

2641  S.  p    Stewart  and  J.  Kerihaw — Locomotives 

2642  K.  Kraus — Watch  projectors 
»G41  T.  Walker— Electro  tele  inphy 

2644  C.  H.  Murray— Screw  propellers 

2645  XV.  E.  Newton — I'ai-king  for  piston  rods 

2646  A.M.  Clark— Dressing  millstones 

2647  A.,  G.  and  F.  Earuahaw — Comparing   musical 
keys 

2648  J.  A.  Mailer—  Measuring    and  registering  the 
flow  of  liquids 

2649  W.  Baioes— Safety  to  railway  trains 


Datbd  Skpthiibbii  9th.  1869. 

2650  W.  PalHsser—  Rails  for  railways 

2651  D.   J.  Williams— Movable    partitions   for    the 
interiors  of  buildiugs 

2652  F.  Forder  and  J.J.  Traves — Bearings  of  loose 
Hxles 

26n3  J.  Gillies— Bushes  or  shields  for  the  bungholes 

2654  A.  H.  Gilmore— Shielding  wounds 

2655  H.  A.  Bonneville— Electric  batteries 

2656  XV.  T.  LiUicrap— Carts 

2657  J.  A.  Ji.ques,  J.  T.  Ou*ley,  and  J.  A.  Fao- 
|  inh..wi — Grinding 

26*58  D.  Oolville— Printing  surfaces 

Dated  September  10th,  1869. 

2659  A.  H.  Brandon— Cartridges 

266H  P.  Hull — Transmitting  motive  power 

26ril  W.  Morris— Ci»ars 

2662  W.    N.  Nicholson  and  G.   Black— Drills  for 
sowing  if  rain 

2663  J.  H.Johnson — Fastening  for  metallic    hoops 
or  bauds 

Dated  September  llth,  1869. 

2664  W.  R.  Lake— Extinguishing  fires 

2d65  L.    Henrion — Combustion     iu    tire-places    and 
furnaces 

2666  S.  Simpson — Drawing  fine  wire 

2667  B.Kershaw — Preserving  fond 

2668  J.  R.  Mooihead  and   W.  Dudgeon — Jacquard 
machines 

2669  J.  H.  Johnson— Signals 
267(1  J.G.  Tengue— Moulding 

2671  W.  A.  Lyttls — Telegraph  posts 

2672  M.  Audr«w— Locks 

2673  J.  Betteley— Ships 

2674  S.  Fox— Railways 

2675  J.  B.  Palmer— Matches 


Dated  Srptbmbbh.  13th,  1869. 

2676  F.  S.  Cocker— Velocipedts 

2677  XV,  £  Gedgc— Preventing  liquids  from  boiling 
over 

2678  A.  V.  Newton — Extinguishing  fires  and  water- 
ing streets 

2679  C.  Burke— Candles 

Dated  September  llth,  1869. 

2680  R.  Lakin  aud  John  Bayley— FibrouB  mate- 
rials 

2681  C.  D.  Abel— Preventing  accidents  through  the 
closing  of  doors 

2682  W.  E.  Gedge— Locomotion 

2683  M.  Grouse— Kuveloi.es 

2684  J.  J.  Bodmer—  Iron  and  steel 

2685  W.   E    Newton— Pumps 

2686  W.  E.Newton— Furnaces 

2687  C.  C.  Steenstrup— Orduauce 
2683  A.  H.  Gilmore— Safety  lamps 

Dated  September  15th,  1869. 

2689  J.  Holding  and  J.  Eccles — Looms 
261)11  H.  Almau— Ships' compasses 

2691  P   M    Fouque—  Holder  for  cartridges 

2692  T.  Restell— Breech-loading  firearms  and  car- 
tridges 

26«3  G.Shaw— Buckle  and  buitonhole 

2694  G.Shaw— Fuinaees 

2695  XV.  E.  Gedge— Geographical  game 

2696  C.G.  Hill— Trimmings 

2697  W.  E    Newton-  Felt 

2698  A.  V.  Newton— Engines 

2699  C.  Mohr  and  S.  E.  Mnith—  Cages 

2700  A.  M.  Clark— Key  guardB 

Dated  September  16th,  1869. 

2701  H.  B  Barlow— Presenting  incrustation  in 
boilers 

2702  Wm.  Bettison — Potters'  glaze  and  seggar 
wash 

2703  XV.  Tipping — Preventiug  or  consuming  smoke 

2704  J    Hampsou— Pipes 

2705  J.  H.  Johnson— Correcting  the  deviation  of 
the  mariners'  compass 

2706  C.  Eakrett  aud  Henry  Searle— Envelopes  or 
hairB  used  in  extracting  oil  from  oleaginous  seeds, 
and  oilenke  making 

2707  G.  A.  C.  Bremme — Bieaking  and  softening 
flax 

Datbd  September  17th,  1869. 

2708  J.  Sawyer — Furnaces  for  steam  boilers  and 
other  purposes 


2709  R.  Stone — Construction  of  floors  aud  roofs 

2710  C.  M.  Waddie— Printing  press 

2711  O.  H.  J.  Kr?.g— Firearms 

2712  A.  Collingridge — Stowing  and  laying  subma- 
rine cables 

Dated  September  18th,  1869 

2713  T.  Wheatley  and  W.  Wheatley— Fastenings 
for  carriage  doors 

2714  II,  S.  Burkitt — Combustionof  smoke  in  furnaces 
or  fireplaces 

27ls  J.  Belicard — Looms 

2716  H.  W.  Harman  and  W.  Lancaster— Steam 
boiiers 

2717  M.  Amberg— Obtaining  samples  from  bales  of 
wool 

2718  T.  J.  Denne  aud  H.  Hillingsley—  Producing- 
transfers  aud  blocks  for  lithographic  and  otm-r 
printing 

2719  N.  J.  Dor— Manufacturing  crucibles,  muffles, 
gas  retorts,  &e.,  through  the  ageucy  of  hydraulic 
presses 

2720  C.  Belier— Bindijg  tapes 

2721  A.  Lacanau—  Alarum 

2722  H.  A.  Bonneville— Utilising  the  waste  arising; 
in  spinning  vegetable  materials 

2723  H.  J    Rogers-Scales 

2724  J.  G.  WilUna — Manufacture  of  iron  aud 
steel 

2725  W.  R.  Eake— Galvanizing  metals 

2726  James  Lee  Norton — Looms 

2727  C.  Winn— Machinery  for  cutting  or  shapicg 
metals 

Dated   September  20th,  1869. 

2728  S.  A.  Varley —Telegraphs,  and  in  anparatus 
employed  in  their  consttuctiou,  partof  which  are 
applicable,  to  other  purposes 

2729  J.  N.  Steiuer — Construction  and  propulsion  of 
velocipedes 

2730  J.  Polaou— Treating  grain 

2731  A.  Tylor — Preventiug  the  waste  of  water  and 
for  cleanliness 

2732  XV.  E.  Gedge—  Press  bed 

2733  M    Doirier— Veh.cimanes 

2734  P.  Wisdom— Twisting  and  curling  hair  for  use 
i^  stuffing  beds 

2735  W.  A.  Gilbee— Heatiug  wines  and  other  fer- 
mentable liquids,  parts  of  such  apparatus  being 
also  applicable  to  other  purposes 

2736  C.E.Brooman — Chains  aud  in  the  apparatus 
iu  connection  therewith 

2737  W.E.  Newton — Machinery  forthe manufacture 
of  tape  trimmirgs 

2738  C.  E.  Schoeller — Construction  of  copying 
presses 

Dated  September  21st,  1869. 

2729  H.  Cocker  and  F.  C.  Cockey — Apparatus  for 
ucurting  retorts 

2740  John  Elce— Bobbins  or  spools,  and  in  the 
machinery  for  winding  roving*  thereon 

2741  R.  Swift — Manufacture  of  iron  kegs  and  other 
metal  cases 

2742  J.  P Anson  jun. — Controlling  railway  switches 
and  signals 

2743  P.  J.  Kurtz— Chaff  cutters 

2744  J.  Jacobs— Removing  phosphates  from  ores  and 
foa  ntiliaing  those  phosphates 

2/45  W.  R.  Lake— SpindleB  and  fliers  of  spinning 
frames 

2746  A.V.  Newton— Treatmentof  spioits  or  alcoholic 
liquids  for  the  purification  of  the  same,  and 
apparatus  therefore,  a  part  of  which  invention  is 
also  applicable  to  the  separation  of  the  lighter 
from  the  heavier  particles  of  oil  and  other 
liquids 

2747  R.  L.  Hickas— Cartridges 

Dated  Sepibmber  22nd,  1668. 

2748  M.  Macleod — Apparatus  for  sanitary  pur- 
poses 

2749  J .  Windsor — Dessicating  and  preserving; 
potatoes 

2750  G.  H,  Chatwin — Manufacture  of  umbrellas, 
parasols,  and  suushades 

3751  E.  Hill— Slide  v«lves 

2752  R.   R.   Giubs— Pumps,   vacuum   pumps,    and 

blast  engines 
27 5 f,  W.   J.    Cunningham  and  A.  P.  McCarthy — 

Motive  power 

2754  J.  Tarbuck  and  T.  Burns — Pumping  water 
from  shafts  or  simitar  places 

2755  C.  L.  Light— Construction  of  tram  rails,  in  the 
modes  of  fastening  the  same,  and  in  a  mode  of 
shifting  carriages  from  one  line  of  rails  to 
another 

2756  XV.  R.  Lake— Purifying  solutions  of  sugar  and 
syrups 

2757  XV.  R.  Lake— Sewing  machine  and  other 
needles 

2758  A.  V.  Newton — Threshing  machines 

2759  H.  R.  Minns— Locking  or  securely  connecting 
rhe  doors  of  safes 

2760  E.  Heruulewicz — Securing  tha  uprights  o 
fencing 

Dated  September  23rd,  1869, 

2761  W.  Black  and  T.  Hawthorn— Locomotive 
♦  ngiues 

2762  D.  Witty— Propelling  vessels 

2763  R.C.Wallace  and  D.  Crawford— Pumps  and 
mechanism  connected  therewith 

2764  J.  Watson— Tyres 

2/65  V.  Chemery — Damping  and  pressing  the 
surface  of  cloth 

2766  J.  F.  R.  Badiou  and  F.  Bernard— Shoes  for 
horses 

2767  W  E.  Gedge — Drying  machine 

2768  W.J.  Turner  aud  H.  Ye wdal I— Manufacture 
of  bisulnhates 

2769  F.  Trench  and  E  C.  Warner— -Horseshoes 

2770  G.  A.  C.  Bremme — Untwisting  and  unlaying 
threads 

2771  J.  M.  S pence  and  J-  B.  Spence — Manufacture 
of  disinfectants 

2772  W.  E   Newton — Drying  grain 

2773  J.  Mackenzie — Weighing  machines 

2774  J.  B.  Spence— Feeding  steam  boiler  and  ether 
furnaces  with  fuel 
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OfflO  RIVER  BRIDGE  AT  STEUBENVILLE. 

By  Mr.  J.  H.  Linville. 

{Illustrated  ty  Plate  354.) 

The  enormous  dimensions  of  many  of  the  rivers  in  America,  combined 
■with  the  great  size  of  the  steam  vessels  navigating  them,  present  peculiar 
difficulties  to  the  designing  of  bridges  over  them.  As  a  favourable  illus- 
of  one  of  the  modes  of  overcoming  such  difficulties,  the  bridge  over  the 
river  Ohio,  designed  and  carried  out  by  Mr.  J.  H.  Linville,  may  be  instanced, 
more  especially  as  it  has  furnished  a  type  from  which  many  other  bridges 
have  been  modelled.  An  interesting  description  of  this  bridge  has  been 
furnished  by  Mr.  Linville  to  the  Franklin  Institute,  from  which  we  extract 
the  follow       : — 

A  portion  of  the  masonry  for  a  bridge  to  connect  the  Pittsburgh  and 
Steubenville  Railroad  with  the  Steubenville  and  Indiana  Railroad,  was 
erected  in  1856,  when  the  work  was  suspended.  In  1SC2,  the  Western 
Transportation  Company  having  arranged  to  complete  the  Pittsburgh  and 
Steubenville  Railroad  to  Steubenville,  a  lease  of  the  franchises  of  the 
Holiday's  Cove  Railroad  Company,  with  authority  to  erect  tho  bridge  over 
the  Ohio  River,  was  offected,  and  the  work  was  executed  under  the  auspices 
of  the  Trustees. 

To  the  writer  was  assigned  the  duty  of  dosigning  and  superintending  the 
erection  of  the  iron  superstructure. 

By  a  revisod  location  of  some  of  tho  piers,  tho  spans  wero  reduced  to  four 
equal  spans  of  235ft.  each,  on  the  eastern  side,  between  centres  of  piers, 
and  three  equal  spans  of  210ft.  between  centres  of  piers  on  the  western 
side  of  tho  channel.  The  piers  for  tho  channel  span  are  90ft.  in  height 
above  low  water.  They  are  10ft.  at  the  top,  with  a  batter  of  1  in  24.  The 
adjacent  undergrade  spans  are  supported  in  a  recessed  chamber,  four  feet 
deep,  in  the  sides  of  the  piers,  leaving  an  availablo  thickness  of  12ft.  of 
masonry  to  support  the  channel  span.  Tho  distanco  botween  the  centros 
of  theso  bearings  is  320ft. 

An  act  of  Congress  required  tho  channel  span  to  bo  constructed  so  as  to 
afford  a  clear  opening  of  300ft.  botween  the  piers  and  a  cloar  height  of  90ft. 
above  low  water. 

These  requirements  rendered  it  necessary  to  support  the  track  of  tho 
channel  span  on  tho  lowor  chords  ;  an  arrangement  which  impairs  in  some 
measure  the  beauty  and  symmetry  of  the  entire  structuro. 

Tho  bridge  company  desiring  tho  completion  of  the  structuro  in  18C3, 
without  in  any  manner  obstructing  tho  channel,  no  system  of  wrought  iron 
construction  then  in  use  appeared  available. 

A  soloction  had  consequently  to  bo  rnado  from  tho  plans  of  composite 
structures  in  uso,  none  of  which  had  boon  oxtondod  to  spans  of  so  great 
oxtont.  Tho  Linvillo  and  Pipor  patont  truss  was  modified  to  meet  the 
roquiromonts  of  this  particular  locality,  and  adoptod  by  tho  bridge  com- 
pany. 

Tho  description  will  bo  limited  to  an  explanation  of  tho  peculiarities  in 
tho  construction  of  tho  span  ovor  tho  channel. 

Tho  trusses  aro  dividod  into  2(  oqual  subdivisions  12ft.  Sin.  oach,  with 
two  ond  panols  12ft.  fljin.,  making  tho  entire  longth  from  contro  to  contm 
of  boarings  319ft.  <>]in. 

Tho  height  from  contro  of  tho  lowor  chord  to  tho  top  of  tho  upper  chord, 
at  oxtromities  is  28ft.,  the  upper  chord  having  a  cambor  of  Uin.,  tho  potto 


radiating  so  as  to  render  their  bearing  surfaces  normal  to  the  curve  of  the 
upper  chord. 

The  lower  chords  consist  of  8  fines  of  Linville  and  Piper's  patont  upset 
eye  bars,  graduated  in  section  to  resist  the  maximum  effects  of  the  dead 
load,  and  of  an  uniformly  distributed  travelling  load  of  3,000  pounds  per 
lineal  foot  of  superstructure,  together  with  tho  transverso  strain  from  the 
floor  timbers,  without  producing  a  tensile  strain  in  these  bars,  exceeding 
10,000  pounds  per  square  inch  of  sectional  area. 

The  lower  chords  and  the  looped  ends  of  the  suspension  diagonals  aro 
combined  by  means  of  connecting  pins  4Jin.  in  diameter,  tho  suspension 
diagonals  being  so  disposed  between  the  chord  bars  and  ribs  on  tho  bases  of 
the  posts  as  to  produce  a  shearing  strain  only  in  the  connecting  pin. 

Tho  upper  chords  consist  of  two  similar  tubes  of  cast  iron,  having  an 
external  diameter  of  15in.  at  contro  of  each  section,  and  slightly  tapering 
towards  the  ends.  Those  two  sections  are  combined  by  intermediate  cast 
iron  ribs  and  webs,  and  torminato  at  the  abutting  surfaces  in  two  doublo 
rectangular  tubes  with  vertical  ribs,  between  which  pass  the  suspension 
bars. 

By  combining  theso  tubes,  greater  width  of  abutting  surface  and  con- 
sequently greater  lateral  stiffness  was  obtained.  Under  a  maximum  load 
the  stain  per  square  inch  on  upper  chords  does  not  exceed  10,000  pounds. 
Tho  posts  are  also  twin  tubes  of  cast  iron,  8in.  in  diamoter,  combined  by 
intermediate  webs  and  ribs,  and  made  in  two  sections,  with  flanged  ends, 
through  which  and  tho  intermediate  parting  plate,  pass  10  bolts  Hin.  to 
lin.  tliametor,  securely  combining  tho  two  soctions  of  the  posts  to  the  part- 
ing plates  and  to  each  othor.  Tho  parting  plato  has  four  projecting  pioces, 
with  concave  boarings,  to  receivo  truss  rods,  which  aro  secured  near  tho  top 
of  the  posts,  and  deflocting  eighteen  inches,  boar  against  tho  parting  plato 
at  tho  centre  of  the  posts,  and  passing  through  shouldors  noar  tho  bases  of 
tho  posts,  are  adjustablo  by  screws  and  nuts  at  their  lower  extremity.  Tho 
posts  aro  graduated  in  thickness  by  Hodgkinson's  formuliu,  tho  factor  of 
safety  being  assumod  at  one-eighth  of  tho  breaking  weight  Tho  suspen- 
sion diagonals  consist  of  four  square  bars,  varying  in  section  in  proportion 
to  tho  strains,  and  wore  rolled  in  ono  pioco,  without  welds.  Tho  lower 
onds  havo  loops  or  eyes,  4  Jin.  in  diamoter,  which  roceivotho  oounecting 
pins. 

At  the  upper  onds,  tho  soction  of  tho  bar  is  circular,  fonnod  by  upsetting 
tho  iron  in  moulds,  under  immonso  pressure,  and  then  swaging  the  ends. 
Screws  aro  then  cut,  tho  availablo  soction  of  the  bar  at  this  j>oint,  after 
doducting  screw-threads,  being  equal  to  tho  sectional  area  of  tho  squaro 
bar.  The  uppor  and  lowor  latoral  rods  aro  graduatod  in  size,  decreasing 
from  l|in.  diamoter  at  tho  oxtromitios  of  tho  span,  to  1  ft  in.  diamotor  at  tho 
contro.  Tho  lowor  latoral  rods  havo  woldod  loops  passing  through  eyes  in 
tho  wido  oyo  plates,  socured  on  tho  onds  of  tho  connooting  pins.  They 
moot  in  a  ring  at  thoir  iutorsoction,  and  aro  adjustablo  by  screws  and  nuts. 
Tho  upper  latoral  rods  pass  through  tho  cast  iron  chords,  and  aro  adjustable 
by  nuts  bearing  against  anglo  bossos  cast  on  tho  chords.  A  system  of  dia- 
gonals is  alio  introducod  botwoon  tho  posts  and  upper  <1,  '.rut 
being  pbwed  nt  Hufliciont  hoight  to  cloar  tho  traffic. 

Heavj  'ellular  pior  platos  of  cast  iron  aro  intorposod  botwoon  tho  baaot 
of  the  end  columns  and  tho  masonry. 

At  ono  ond  provision  ismado  for  variations  in  length  B  ehangos 

in  temperature  bj  menu  ol  a  series  of  refleneeoared  in  a  frame  el  wi 

iron.     Tli»  track   b)  supported  0B  longitudinal   timber*  of  white 

ing  on  tho  transverso  white  pino  floor  timbers,  which  aro  sustained  by  the 
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wide  thin  eye  bars  that  constitute  the  lower  flange  or  chord.  In  conse- 
quence of  the  heavy  Government  contracts  incident  to  the  late  civil  war,  and 
the  scarcity  of  skilled  labour,  great  delay  was  experienced  in  procuring  the 
requisite  materials  ;  and  the  progress  of  the  work  was  frequently  interruped. 
The  erection  of  the  shorter  spans  was  begun  in  1863.  The  channel  span 
not  being  completed  ready  for  erection  during  the  stage  of  low  water  in 
1864,  its  erection  was  deferred  until  the  summer  of  1865.  To  keep  the 
channel  open,  and  avoid  risks  from  summer  freshets,  a  wooden  pier  and  two 
trestle  abutments  40ft.  in  height,  were  erected  to  support  two  spans  of 
wooden  Howe  truss  bridge,  on  which  were  placed  wooden  trestles  25ft.  in 
height,  to  carry  the  iron  superstructure  of  the  channel  span.  The  erection 
of  the  channel  span  occupied  about  three  weeks.  The  entire  work  was 
completed  in  August,  1865,  without  accident. 

The  general  design  of  the  deck  spans  is  similer  to  that  of  the  channel 
span.  The  end  posts  are  vertical.  The  upper  chords  consist  of  cast  iron 
tubes  to  resist  the  compressive  strains,  with  two  lines  of  rolled  I  beams, 
one  at  each  side  of  each  tube,  to  sustain  the  floor  timbers  supporting  the 
track. 

The  channel  span  was  fitted  in  the  shops  of  the  Pennsylvania  Railroad 
Company,  Altoona. 

The  Keystone  Bridge  Company  of  Pittsburgh  were  the  contractors  for  the 
manufacture  and  erection  of  the  seven  deck  spans,  and  the  erection  of  the 
•channel  span ;  also,  at  the  same  time,  for  the  manufacture  and  erection  of 
the  great  double  track  iron  span  of  265ft.  over  the  Monongahela  River  at 
Pittsburgh,  the  long  line  of  plate  bridge  in  South  Pittsburgh,  and  the  iron 
bridge  at  Saw  Mill  Run,  all  for  the  same  line  of  road.  The  channel  span 
over  the  Monongahela  was  constructed  from  the  patterns  of  the  channel 
span  at  Steubenville,  such  modification  being  made  as  were  necessary  to 
adapt  the  bridge  for  a  double  line  of  rails. 

All  these  bridges  have  been  constructed  by  the  aid  of  the  most  approved 
machinery  ;  the  bearing  being  actually  planned  and  the  eyes  in  the  63re  bars 
of  chords  being  drilled  with  so  great  accuracy  that  no  variation  exceeding 
100th  part  of  an  inch  was  allowed.  To  test  the  strength  of  the  large  tubes, 
rand  the  wrought  iron  bars,  chords,  &c,  a  hydrostatic  testing  machine  was 
I  WTOvided,  capable  of  exerting  a  compressive  force  of  675  tons  on  columns 
:  Sft.xliameter  and  30ft.  in  length,  and  a  tensile  strain  of  130  tons  on  bars  40ft. 
imjlencth,  or  on  any  intermediate  size  ;  thus  enabling  the  engineer  to  test  to 
the  proof  strain,  all  the  materials  used  in  these  structures. 

Owing  to  unavoidable  delays  in  the  preparation  of  this  machine,  it  was 
possible  to  test  only  a  few  of  the  posts,  chords,  bars,  &c,  but  the  results 
demonstrated  conclusively  the  accuracy  of  the  data  from  which  the  propor- 
tions of  the  tubes  had  been  determined. 

"The  completed  structure  was  tested  by  passing  a  train  of  engines  and 
■  cais  loaded  to  their  utmost  capacity  with  railway  bars,  the  load  entirely 
covering  the  channel  span,  and  amounting  to  about  1J  tons  per  lineal  foot. 
The  deflection  being  carefully  indicated  by  a  pencil  point  on  a  rod  fixed  to 
the  scaffolding,  free  from  the  structure,  did  not  exceed  five-eighths  of  an 
inch.  The  weight  of  cast  iron  in  the  channel  span  is  greatly  increased  by 
the  material  consumed  in  the  webs  and  ribs  combining  the  twin  chord  tubes 
and  posts,  also  in  the  additional  system  of  transverse  struts  to  resist  the 
effects  of  the  diagonal  bracing.  By  combining  the  posts  and  chords  in  this 
manner,  the  effective  width  of  each  truss  was  increased  to  45in.  thus  adding 
to  the  lateral  stiffness  of  the  posts  and  chords,  and  ensuring  the  lateral 
stability  of  the  bridge.  This  system  of  combining  and  trussing  the  posts 
was  new  and  untried.  This  span  was  the  pioneer  of  long  spans  of  iron  truss 
bridges  on  this  continent,  and  to  ensure  success  it  was  deemed  prudent  to 
allow  considerable  margin  on  the  side  of  safety. 

The  weight  of  cast  iron  consumed  in  the  construction  of  the  channel 
span  was  2,136  pounds  per  lineal  foot,  and  of  best  refined  wrought  iron 
1,423  pounds  per  lineal  foot. 

The  line  was  opened  in  September,  1865,  and  since  that  time  the  bridge 
has  sustained  the  constant  heavy  traffic  without  developing  any  defects,  or 
requiring  adjustment. 


GOVERNMENT  CIVIL  ENGINEERS  AND  COMMISSION 
CONTRACTS  IN  INDIA. 


ON 


The  following  oiFensive  notice  lias  lately  been  issued  to  the  civil  engineer- 
ing profession  in  India : — 

"Pr/Biic  Works  Department. 
"  Notifications  'Establishment. 

"  Simla,  31st  August,  1869. 
"  No.  242. 
"  Whereas  the  Governor-General  in  Council  is  given  to  understand  that,. 
in  the  Civil  Engineering  profession  in  England  it  is  a  ?eeognised  practice 
for  civil  engineers  employed  by  public  companies  and  otherwise  to  receive,, 
in  addition  to  the  salaries  paid  them  by  their  employers,  commission  on 
contracts  given  out,  or  stores  and  materials  ordered,  or  inspected  by  them,, 
and  othar  like  pecuniary  considerations  for  services  done,  or  intended  to  be 
done,  which  are  considered  legitimate  sources  of  emolument;  and  whereas 
a  considerable  number  of  civil  engineers,  who  have  practised  in  England,, 
have  lately  been  employed  by  the  Government  of  India,,  and  the  number  of 
such  engineers  is  likely  to  increase. 

"  1.  It  is  hereby  notified  for  general  information  that  every  person  in  the 
service  of  the  Government  in  the  Public  Works  Department,  in  any  part  of 
British  India,  whether  civil  or  military,  must  consider  his  salary  or  pay,,  as 
regulated  by  the  rules  of  the  department  for  the  time  being,  or  defined  in 
any  agreement  with  the  Secretary  of  State  for  India  in  Council,  and  whether 
it  is  drawn  wholly  or  in  part  in  the  Public  Works  Department,  or  the 
Military  Department,  to  be  his  sole  legal  remuneration ;  and  that  the 
receipt  of  commission,  or  any  other  consideration  whatever,  directly  or  in- 
directly, on  account  of  any  business  or  transaction  in  which  he  shall'  be 
concerned  on  behalf  of  the  Government,  whether  in  India  or  elsewhere,,  is 
prohibited. 

"  2.  Every  officer  of  the  Government  is  bound  to  report  to  his  depart- 
ment every  infringement  of  the  above  rule  which  may  come  to  his  know- 
ledge." 

Upon  which  the  Calcutta  Englishman  makes  the  following  pertinent 
remarks: — 

There  can  be  little  doubt  that  the  notification  issued  by  the  Governor- 
General  in  Council  with  regard  to  the  commission  which  his  Excellency 
was  "  given  to  understand"  was  received  by  Civil  Engineers  on  Contracts, 
and  passing  stores  and  materials,  was  couched  in  needlessly  irritating  lan- 
guage. It  made  a  wide  and  sweeping  accusation  against  an  honourable 
profession,  through  whose  exertions  the  greatest  benefits  conferred  by 
English  rule  on  India  have  been  carried  into  effect. 

Though  presumptively  fixing  the  blame  on  the  profession  in  England, 
it  by  implication  casts  a  slur  of  the  very  gravest  character  upon  the  numer- 
ous body  of  Civil  Engineers  employed  in  the  Public  Works  department. 
This  slur  has  been  felt  quite  as  keenly  by  the  engineers  of  the  various 
railway  companies  as  by  their  brethren  in  the  Department.  It  is  felt  that 
the  effect  of  the  notification  is  to  lower  the  profession  in  the  public  estima- 
tion and  to  represent  them  as  doing  habitually  that  which  the  commonest 
honesty  and  tair  dealing  towards  their  employers  would  forbid.  It  is  not 
asserted  that  Civil  Engineers  in  India  have  been  guilty  of  the  practices 
condemned ;  the  obnoxious  order  rests  apparently  upon  nothing  stronger 
than  the  suspicion  of  the  Government  of  India  that  some  members  of  the 
profession  at  home  are  not  so  honest  as  they  should  be.  A  public  notifica- 
tion like  this  might  very  properly  have  followed  upon  the  conviction  before 
a  proper  tribunal  of  some  member  of  the  profession  who  had  brought  him- 
self within  the  danger  of  that  section  of  the  penal  code  which  forbids  the 
reception  of  an  illegal  gratification  j  but  in  the  absence  of  any  such  con- 
viction— nay,  more,  in  the  absence  of  any  arraignment  of  any  officer  what- 
ever, either  before  a  court  or  departmentally — it  must  be  conceded  that 
the  publication  of  the  notification  was  about  as  ill-advised  and  ill-consideredj 
a  proceeding  as  was  ever  perpetrated,  even  by  the  Public  Works  Depart* 
ment. 

We  are  quite  sure  that  Lord  Mayo,  who  has  the  credit  of  infusing  new 
life  and  new  vigour  into  the  Public  Works  Department,  will  acknowledge 
that  without  some  fault  proved  against  the  profession  in  India,  such  a  noti- 
fication ought  never  to  have  been  published.  Men  smarting  under  a  sense 
of  wrong,  and  feeling  that  they  are  regarded  with  the  most  dishonouring 
suspicion  by  their  superiors,  and  the  head  of  the  Government,  are  not 
likely  to  serve  the  state  with  that  zeal,  earnestness,  and  devotion  which, 
considering  the  gigantic  schemes  it  will  be  Lord  Mayo's  duty  to  inaugu- 
rate, it  should  be  his  object  to  foster  and  encourage.  There  can  be  no 
honour  in  a  service  where  the  servant  is  so  suspected ;  and  thus  this  noti- 
fication is  not  unlikely  to  drive  away  from  the  service  of  the  Indian  empire 
men  whose  labours  will  be  in  greater  and  greater  demand.  With  a  revolu- 
tionised railway  system  and  the  spread  of  irrigation — progress  in  which 
has  hitherto  been  to  a  great  extent  stopped  for  want  of  engineers  and  engi- 
neer officers — it  should  be  the  policy  of  the  Government  to  create  an  Indian 
engineer  service,  and  to  hold  out  such  inducements  as  should  tempt  to 
India  the  elite  of  the  profession.    Sir  John  Lawrence  pointed  out  to  the 
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Secretary  of  State  that  the  demands  for  engineers  conld  not  he  met  from 
the  supply  afforded  by  the  Military  Engineering  Colleges.  This  being  so, 
it  does  seem  folly  to  do  that  which  must  make  service  in  India  distasteful 
to  those  gentlemen  who  are  in  India,  and  repulsive  to  those  who  might  be 
induced  to  adopt  an  Indian  career. 

The  notification  will  be  heard  of  again,  and  in  England.  We  have  reason 
to  know  that  several  gentlemen  of  standing  and  repute  in  the  profession 
have  sent  a  copy  of  the  "Gazette"  in  which  it  appears  to  the  President  of 
the  Institute  of  Civil  Engineers,  with  a  request  that  he  will  take  measures 
to  vindicate  the  honour  of  the  profession,  and  to  clear  the  English  members 
from  the  aspersions  cast  upon  them. 


BRIDGES  IX  NORTHERN  INDIA. 
In  the  last  paragraph  of  Mr.  Login's  paper  "  On  Roads  and  Railways  as 
affected  by  the  Abrading  and  Transporting  Power  of  Water,"  read  before 
the  British  Association  at  Exeter,  and  which  appeared  in  The  Ajrtizax  of 
last  month,  he  refers  to  a  modification  of  the  syphons  as  applied  to  bridges, 
an  illustrated  diagram  of  which  we  were  unable  to  give  at  the  time.  The 
subject  is  an  important  one,  and  as  it  is  believed  the  introduction  of  such 
a  s3-stem  of  bridges  would  lead  to  great  economy,  we  now  publish  this 
diagram.  The  spoon-mouthed  syphon,  to  which  he  also  rofers,  was  illus- 
trated in  The  Aetizan  of  Juno  last. 


should  it  be  injured  it  would  involve  a  great  outlay  and  loss  of  time  to  the 
public.  We  do  not  suggest  this  description  of  bridge  for  railways,  but  for 
district  roads  which  act  as  feeders  to  the  main  lines  of  communication 
throughout  India. 


THE  ROYAL  ALBERT  HALL  OP  ARTS  AND  SCIENCES. 

On  the  20th  of  May,  1867,  the  "  first  stone  "  of  the  Royal  Albert  Hall 
of  Arts  and  Sciences  was  laid  with  all  due  solemnity  and  ceremonial  by  her 
Majesty  the  Queen  ;  and  now,  at  the  end  of  little  over  two  vears,  the  vast 
building  is  nearly  completed,  and  is  only  waiting  to  be  covered  in  by  its 
vast  roof  to  allow  of  all  its  interior  fittings  and  arrangements  being  set  up. 
In  form  it  bears  some  resemblance  to  a  Roman  amphitheatre,  although  its 
material— namely,  red  brick  faced  with  terra  cotta— goes  far  to  destroy 
the  illusion.  Still,  it  is  only  justice  the  architect  to  admit  that  the  general 
effect  of  his  work  is  both  pleasing  and  imposing.  Its  magnitude  will  be 
best  indicated  by  giving  the  exact  dimensions  in  figures.  The  long 
diameter  of  the  outer  wall  is  272ft.,  the  short  238ft.,  the  length  between 
the  porches  338ft.,  the  breadth  of  the  ellipse  332ft.,  and  the  height  135fr, 
The  interior  is  arranged  to  accommodate  comfortably  an  audience  of  8,000, 
to  be  divided  as  follows  :— In  the  arena,  situate  in  the  centre  of  the  build- 
ing, 1,000  can  be  accommodated  for  the  musical  performances,  and  when 
the  space  is  not  occupied,  by  a  flower  show  or  an  industrial  exhibition. 
The  amphitheatre,  which  rises  gradually  all  round  the  arena  under  the 
boxes,  will  hold  1,400,  the  boxes  1,100,  the  balcony  2,500,  and  the  gallery 
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Fi."  .  No*.  1  nn.l  2.  iwnlfl  lin.  =  2W>fr.  Flp-.  2.  vrrlir.il  ncilo,  lin.  =  100ft.  I'i.-.  3.  Katf,  lin.  -  20ft. 

2<iote.—  Suction  of  sir.Min  in  Hood,  0,000  iqnart  foot  ;    waterwaj  of  brldfte  about  tin-  same;  waterwaj  at  A  7,non  tqnaro  tat. 


Tho  object  to  bo  gainod  in  this  new  description  of  bridge,  is  to  show  how 
Sufficient  water-way  to  a  bridge  may  bo  given  without  necessitating  heavy 
embankments,  so  that  in  tbo  ovont  of  an  extraordinary  flood,  which  ooenn 
about  onco  in  a  gonoration,  tho  flood  may  pass  over,  or  ovon  through  the 
ombankment  without  causing  much  injury.  Thin  tho  injury  ma 
repaired  at  a  trilling  outlay,  and  without  causing  any  appreciable  inconvo- 
nienco  to  the  pul  lie 

To  construct  bridges  raffioientl  pa.i»  off  the  entire  Tolnmo  oi 

water  in  t  wonld  require  pondituro; 

bosido.s  tho  cm  ;  iayy  embankment    daring  such  extraordinary 

occasions,  causes  tho  wholo  action  to  be  confined  to  the  bridge  itaelf,  and 


2,000.    The  boxes  havo  thread]  boon  all  lubeeribed  for  at  £1,000  each,  and 
a  ^,'ri  nt  number  Ol  the  lingli  B100,  l>u;  it  i-  calculated  that  bc- 

twicn  ."i.uihi  ami  0,000  Hitting*  will  -till  be  :»\  :i«l:i '    ■ 

for  carrying  onl  the  object*  >t  the  balL    The  building  ii  do*  ootnplata 
iiutii  ii*  t'i  Eta  outer  and  inner  walla,  between  which,  it  ihoohl  i  <■  mentioned, 
run  vast  audalrj  conidon  (or  promenade  ■■  well 
'l  in-  next  great  w-rk  will  be  the  uzii  g  in  it-  plac   1 f  tho  iinmi 
iron  and  glium,  f<ir  the  i  u  interior  of  the  building 

li  at  present  filled  wllba  1 1 1  v|11  h<« 

of  :m\  u..rk  ..t  the  kind  yel  ing  diameter  will 

bo  219ft.  lin.;  il    i  .  l-.'.tt.  tin.— an  immense  weight,  it  »>il  bi  laid,  to  be 
,  however,  the  calculation*  have  all  boon  mode  i"r  lead 
where  ghui  i«  onlj  i.  there  i»  •verj  real  'date  on  iu 

itrengtb  and  durability. 
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The  only  remarkable  feature  remaining  to  be  noticed  is  tho  great  organ 
in  course  of  erection  by  Mr.  Willis,  the  builder  of  the  organ  in  St.  George's 
Hall,  Liverpool.  Its  dimensions  will  be  75ft.  wide  at  base,  44ft.  in  depth, 
60ft.  width,  and  height  100ft.  There  are  to  be  112  steps,  and  the  bellows 
is  to  be  kept  going  by  two  steam  engines  of  from  6  to  8  horse-power  each. 
The  largest  organ  at  present  known  is  the  great  organ  at  the  Crystal 
Palace,  but  in  the  Kensington  instrument  the  smallest  pipe  in  the  front 
will  be  longer  than  the  longest  pipe  in  the  interior  of  its  Sydenham  pre- 
decessor. It  is  expected  that  the  whole  work — building,  organ,  and 
approaches — will  be  finished  so  as  to  open  simnltaneously  with  the  pro- 
jected international  industrial  exhibition  in  1871,  and  that  one  of  the 
earliest  uses  to  which  it  will  be  put  will  be  the  ceremonial  distribution  of 
the  prizes  which  will  arise  out  of  those  exhibitions.  The  entire  programme 
of  its  contemplated  uses  comprehends  congresses  national  and  international 
of  science  and  art,  performances  of  music  on  the  grandest  scale,  distribu- 
tions of  prizes  by  public  bodies,  art  and  science  conversazioni,  agricultural, 
horticultural,  and  industrial  exhibitions,  and  the  occasional  display  of  pic- 
tures and  sculpture.  For  this  latter  purpose  there  will  be  an  immense  top- 
lighted  gallery  running  all  round  the  hall.  It  is  satisfactory  to  be  able  to 
add  that,  in  a  building  which  is  intended  to  accommodate  assemblages  of 
8,000  persons,  due  care  has  been  taken  to  provide  ample  facilities  for 
entrance  and  exit. 


means  of  water  ballast,  pumped  into  tanks  specially  fitted  for  this  purpose. 
At  her  19  feet  draught  her  deck  will  be  only  3  feet  above  the  water,  her 
armour  extending  4  feet  below  and  2  feet  6  inches  above  the  water,  a 
6-inch  oak  deck  covering  the  upper  edge  of  armour.  Above  the  breast- 
work will  be  fitted  a  flying  bridge,  from  which  on  all  ordinary  occasions 
the  ship  will  be  conned ;  in  action,  however,  an  armour-plated  conning 
tower,  specially  fitted  for  this  purpose,  will  be  used.  Stowage  accommo- 
dation is  provided  for  250  tons  of  coals  in  her  ordinary  bunkers,  but  this 
quantity  can  be  increased  to  between  500  and  600  tons  by  using  the  water- 
ballast  tanks  for  stowing  the  coals.  She  is  to  be  fitted  with  engines  of 
500  horse-power  nominal,  capable  of  working  up  to  3,000  horse-power 
actual,  and  her  estimated  speed  will  be  from  9i  knots  to  10  knots  per 
hour. 


MYSTERY  IN  THE  TICKETS. 

We  are  indebted  to  a  San  Francisco  paper — the  Mining  and  Scientific 
Press — for  the  following  account  of  an  ingenious  method  by  which  non- 
transferable season  tickets  are  protected  from  abuse  : — 

In  the  simplest  manner,  by  the  aid  of  Mr.  Geo.  F.  Pardy's  device,  the 
Directors  of  the  Fair  have  declared,  and  effectually  made,  the  season  tickets 
this  year  non-transferable.  Many  have  deemed  the  report  concerning  the 
use  of  such  an  invention  as  unfounded,  but  they  can  satisfy  themselves,  if 
they  choose,  by  trying  the  experiment  of  swindling  the  doorkeepers.  With- 
out more  ado  than  by  three  or  four  stamps  on  your  card,  the  clerk  puts 
down  your  sex,  complexion,  approximate  age  and  height,  and  describes  your 
beard,  moustache,  and  whiskers  precisely.  The  ladies  are  not  so  closely 
looked  after.  Certainly  it  will  not  do  any  longer  to  attempt  to  use  "  one 
ticket  for  a  whole  boarding-house."  The  stamped  season  ticket  is  quite 
popular  as  a  puzzle,  and  is  not  found  fault  with  by  honest  people.  Last 
year  it  is  is  estimated  that  from  5,000  dols.  to  10,000  dols.  was  short,  owing 
to  dishonest  transfers.  Wherever  now  the  personal  characteristics  are 
found  to  disagree  with  the  stamps  on  the  tickets,  the  latter  is  confiscated. 


H.M.S.  "GLATTON." 

This  turret  ship  which  is  in  course  of  construction  at  Chatham  Dockyard 
■will  be  the  most  powerful  ship,  for  offensive  and  defensive  purposes,  yet 
built.  The  Glatton  is  being  constructed  from  the  designs  of  Mr.  E.  J. 
Peed,  C.B.,  and  the  utmost  exertions  are  being  used  to  have  her  completed 
as  early  as  possible  in  the  ensuing  year.  From  the  circumstance  of  the 
Glatton  being  the  first  vessel  built  by  the  Admiralty  on  the  pure  turret 
principle,  with  an  exceedingly  low  freeboard,  more  than  the  usual  amount 
of  interest  is  taken  in  her  construction.  She  will  be  constructed  with  a 
single  turret,  in  which  will  be  placed  a  couple  of  25-tou  guns.  The  thick- 
ness of  the  armour  plating  on  her  sides  will  be  no  less  than  12  inches  above 
the  water  line,  and  the  remainder  10  inches  in  thickness,  worked  to 
a  teak  backing  of  20  inches.  The  inner  skin  plating  to  which  the  timber 
backing  is  attached  consists  of  two  thicknesses,  each  one  inch  thick,  laid 
on  the  usual  iron  frames  10  inches  deep,  placed  two  feet  apart.  The  total 
thickness  of  the  iron  and  teak  of  the  Glatton's  sides  will  thus  be  3  feet 
8  inches.  The  armour  plates  on  the  turret  will  be  14  inches  in  thickness 
in  the  most  exposed  parts,  and  12  inches  thick  in  the  remainder,  worked 
on  a  backing  of  teak  of  15  inches,  with  two  thicknesses  of  skin  f  inch 
each.  The  entire  base  of  the  turret  is  enclosed  by  a  breastwork  carried  to 
a  height  of  6  feet  6  inches  above  the  deck,  the  whole  being  covered  with 
armour-plating  12  inches  in  thickness,  laid  on  a  backing  of  teak  18  inches 
thick.  The  turret  guns  will  fire  over  the  breastwork,  the  Glatton  when  in 
action  having  a  freeboard  of  only  two  feet,  measured  to  the  deck,  the  turret 
guns  being  exactly  11  feet  6  inches  above  the  water  line.  This  arrange- 
ment of  breastwork  possesses  the  advantages  of  raising  the  turret  to  a  con- 
venient height,  whilst  at  the  same  time  it  affords  great  protection  to  the 
lower  part  of  the  funnel,  hatchways,  and  other  necessary  openings  from  the 
deck.  The  arrangements  for  the  turret  are  such  that  the  600-pounder 
guns  will  command  a  fire  round  the  bows,  to  within  about  20  degrees  of 
the  fore  and  aft  line  on  each  side;  while  a  single  gun  can  be  trained  and 
fired  from  this  line  round  to  a  right  aft  fire  on  each  side.  On  the  top  of 
the  breastwork  the  plating  is  1£  inch  thick,  and  on  the  deck  outside  the 
breastwork  3  inches  thick.  When  not  in  action  her  mean  draught  of  water, 
forward  and  aft,  will  be  19  feet,  but  she  can  be  submerged  to  any  depth  by 


TECHNICAL  EDUCATION  FOE  IRELAND. 

The  programme  of  the  Royal  College  of  Science  for  Ireland  for  the  session 
1869-70  has  just  been  issued.  It  supplies,  as  far  as  practicable,  a  com- 
plete course  of  instruction  in  science  applicable  to  the  industrial  arts,  es- 
pecially those  which  may  be  classed  broadly  under  the  heads  of  mining, 
engineering,  manufactures,  and  agriculture,  and  is  intended  to  aid  in  the 
instruction  of  teachers  for  the  local  schools  of  science.  The  course  of 
instruction  extends  over  three  years,  each  year  being  divided  into  two 
terms.  In  the  first  two  years  the  instruction  is  general,  and  all  students 
are  required  to  attend  all  the  courses,  but  in  the  third  year  the  particular 
business  or  profession  to  which  the  student  intends  to  follow  in  after  life 
is  taken  into  consideration,  and  for  this  reason  the  studies  for  the  third 
year  are  divided  into  four  distinct  series  of  courses,  so  that  a  student  in- 
tended for  an  engineer  is  not  required  to  study  subjects  useful  only  to  an 
agriculturist ;  nor  is  a  student  whose  after  life  is  to  be  spent  in  a  manu- 
factory required  to  learn  land-surveying  and  geology.  During  the  third 
year  the  instruction  for  the  several  classes  of  students  embraces :  Mining 
— Geology,  with  demonstrations  in  Palocontology,  Mineralogy,  and  Mining, 
Assaying  and  Metallurgy,  Mechanism  and  Machinery,  and  Land  Survey- 
ing; Agriculture — Geology,  Agricultural  Science,  Land  Surveying,  Me- 
chanism and  Machinery,  and  the  Analysis  of  Soils  and  Manures ;  Engi- 
neering— Mechanism  and  Machinery,  Mechanical  Drawing,  Engineering 
and  Surveying,  and  Geology  and  Paleontology ;  Manufactures — Applied 
Mechanics  and  Physics,  and  Applied  Chemistry  and  Technical  Analysis. 
The  diploma  of  associateship,  which  will  be  grant  3d  to  those  who  pass  in 
all  subjects  of  the  first  two  years,  and  in  those  of  any  one  division  of  the 
third  year,  will  doubtless  be  an  honour  worth  striving  to  attain ;  but  there 
are  also  four  royal  scholarships  of  £50  yearly  each,  with  free  education 
(including  laboratory  practice),  tenable  for  two  years,  which  will  be  open 
to  students  who  have  been  a  year  in  the  college — two  of  these  royal  scho- 
larships become  vacant  each  year.  There  are  also  nine  royal  exhibitions, 
of  the  value  of  £50  per  annum,  entitling  the  holders  to  free  admission  to 
all  the  lectures,  and  to  the  chemical  and  metallurgical  laboratories,  to  be 
held  from  year  to  year,  for  three  years,  on  the  condition  that  the  holder 
attends  the  lectures  regularly  during  those  yeais,  and  passes  the  examina- 
tions required  for  the  associateship  of  the  college — three  of  these  exhibi- 
tions will  be  open  for  competition  annually  at  the  May  examinations  of  the 
Science  and  Art  Departments.  A  medal  is  also  awarded  at  the  conclusion 
of  the  second  year's  studies  to  that  student  who,  upon  the  total  result  of 
both  years,  shall  have  most  distinguished  himself,  if  sufficient  merit  be 
shown.  The  fees  are  extremely  moderate.  No  pains  appear  to  have  been 
spared  to  make  the  college  of  sound,  practical  utility  to  the  largest  possible 
number  of  those  upon  whom  the  continually  progressive  advancement  of 
the  industrial  interests  of  the  country  depends ;  and  with  the  Royal  Col- 
lege of  Science  for  Ireland  in  existence,  there  will  be  no  justification  for 
asserting  that,  at  least  in  that  portion  of  the  kingdom,  there  is  any  lack 
of  means  for  securing  an  abundance  of  technical  education  of  the  best  kind 
and  upon  the  most  favourable  conditions. 


THE  SUEZ  CANAL. 

The  following  are  the  rules  for  the  navigation  of  the  Suez  Canal : — 
Article  1. — That  the  navigation  of  the  Suez  Canal  be  opened  to  allow  all 
vessels  without  distinction  of  nationality,  provided  they  do  not  draw  more 
than  seven  metres  fifty  centimetres  (7m.  50c),  equal  to  24ft.  7in.  English; 
the  canal  being  eight  metres  (8m.),  in  depth,  equal  to  26fft.  English. 
Steam  vessels  will  be  allowed  to  navigate  through  the  canal  using  their 
own  propellers ;  sailing  vsssels  above  fifty  tons  will  have  to  be  towed  with 
the  service  established  by  the  company.  Steamers  requiring  to  be  towed 
can  enter  into  a  mutual  agreement  with  the  company.  Towed  vessels  will 
have  to  provide  their  own  hawsers. 

Article  2. — The  maximum  speed  for  vessels  in  the  canal  is  provisionally 
fixed  at  ten  kilometres  (10  kil.),  equal  to  5-4  English  knots  per  hour. 
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Article  3. — Each  vessel  measuring  more  than  one  hundred  (100)  tons 
■will  have  to  take  a  company's  pilot  whilst  passing  through  the  canal,  who 
will  furnish  instructions  as  to  the  course  to  steer,  the  captain  remaining 
responsible  for  the  conduct  and  management  of  his  vessel. 

Article  4. — When  a  vessel  wants  to  pass  through  the  canal,  and  has 
anchored  at  Port  Said  or  Suez,  the  captain  must  have  her  inscribed  at  the 
transit  office,  and  pay  the  canal  dues,  as  well  as  pilotage,  towage,  and  charge 
for  mooring  when  necessary.  A  receipt  will  he  given  which  he  can  use 
when  required.  He  will  have  to  furnish  the  following  particulars  : — Name 
and  nationality  of  vessel,  name  of  captain,  name  of  owners  and  charterers, 
number  of  passengers,  size  of  the  vessel  according  to  the  legal  measure- 
ment constituted  by  the  official  act  of  the  Government  to  which  she 
belongs. 

Article  5. — In  order  to  form  the  trains  of  towed  vessels,  the  captain  will 
he  furnished  with  a  ticket  numbered,  using  his  receipt  of  the  charges  as 
a  way-bill,  and  after  having  received  the  pilot  on  board  will  place  his 
vessel  in  the  position  assigned  to  her. 

Article  6. — Vessels  entering  the  canal  will  have  to  brace  and  peak  yards. 
There  ought  to  be  two  anchors,  one  placed  at  the  head  of  the  vessel  and 
the  other  at  the  stern,  and  ready  to  let  go  so  as  to  bring  |up  at  the  first 
order  of  the  pilot. 

Artical  7. — 1st.  Each  vessel  will  require  a  boat  in  tow,  with  a  warp  all 
ready  to  run  ashore  in  case  of  need  to  one  of  the  mooring  posts  attached 
to  the  banks  of  the  canal.  2nd.  The  captain  must  also  have  watchmen 
kept  on  board  the  vessel  during  the  day  the  same  as  at  night.  These  men 
will  be  ready  to  cast  off  or  cut  the  ropes  at  the  first  order.  3rd.  During 
the  navigation  in  the  night  vessels  must  keep  their  lights  burning  regularly, 
and  a  man  forward  on  the  look  out.  4th.  All  steam  vessels,  tugs,  or  others, 
must  whistle  when  passing  the  curves  at  the  approach  of  vessels  which 
they  have  to  pass  or  cross;  also  at  the  approach  of  dredgers  or  any  other 
objects  they  may  meet  in  their  passage.  5th.  Vessels  meeting  in  opposite 
directions  must  slacken  speed,  each  standing  close  to  the  starboard  bank, 
or  stop  according  to  the  advice  of  the  pilot.  6th.  When  a  vessel  wishes  to 
pass  another  going  in  the  same  direction,  the  captain  must  signal  his  in- 
tention to  the  other.  The  slowest  vessel  must  stand  close  to  the  starboard 
bank,  and  lessen  her  speed  as  much  as  possible. 

Article  8. — 1st.  Vessels  which  for  any  cause  whatever  may  have  to  stop 
in  the  canal  must  place  themselves  as  near  the  windward  shore  as  it  is 
possible,  and  moor  at  both  ends.  2nd.  In  case  of  necessary  stoppage,  and 
when  a  proper  mooring  station  cannot  be  reached  (which  the  captain  always 
should  try  for),  he  must  have  immediately  signals  placed  by  day,  and  lights 
by  night,  fore  and  aft  of  the  vessel.  3rd.  In  case  of  a  vessel  grounding  the 
company's  agents  have  the  right  to  prescribe  the  means  for  getting  her 
afloat,  or  discharging  the  cargo  if  necessary,  all  at  the  cost  of  the  person 
in  fault,  to  be  determined  by  the  cause  of  the  accident. 

Article  9.  1st.  Captains  are  not  allowed  to  moor  in  the  canal  except  in 
cases  of  urgent  necessity,  and  with  the  advice  of  the  pilot.  2nd.  Nor  to  throw 
any  ballast,  cinders,  or  rubbish,  or  anything  whatsoever  into  the  canal. 
3rd.  In  case  of  anything  whatsoever  falling  into  the  canal  a  declaration  of 
the  same  must  bo  immediately  made  to  the  pilot,  who  will  forward  it  the 
nearest  station.  4th.  It  is  prohibited  to  captains  to  search  for  any  objects 
that  may  fall  into  the  canal,  without  the  authority  of  the  company's  agents. 
5th.  The  salvage,  whatever  way  it  may  be  effected,  of  any  objects  which 
may  have  fallen  into  the  canal  is  always  done  at  the  expense  of  the  captain 
to  whom  the  recovered  articles  are  returned  on  repayment  of  the  expenses 
incurred. 

Article  10.  Captains  have  to  agree  before  entering  the  canal  to  obey 
all  instructions  contained  in  the  copy  of  the  present  rules,  and  to  further 
their  execution. 

Article  11. — The  tolls  for  the  right  of  transit  are  calculated  on  the 
measurement  tonnage  of  the  ship,  as  likewise  the  charges  for  towing  and 
berthing.  This  tonnage  is  determined,  until  fresh  orders,  by  the  official 
papers  on  board.  The  toll  for  passage  from  one  sea  to  the  other  is  ten 
francs  per  ton  measurement  ami  ten  francs  each  passenger,  payable  on 
entering  either  at  Port  Said  or  Sue/..  The  charge  for  towage  is  fixed  at 
two  francs  per  ton.  The  charge  Par  berthing  or  anchoring  either  at  Port 
Said,  Ismuilia,  or  opposite  the  new  embankment  near  Suez  (after  a  slay  of 
twenty-four  hours,  and  limited  to  twenty  days  at  the  utnuist),  is  five 
centimes  per  ton  per  day,  at  the  place  assigned  by  the  harbour-maMer. 
Pilotage  is  charged  according  to  the  draught  of  water.  It  is  fixed  as 
follows: — 

For  pftrli  fleoimotro 
in  ilni'iirlit. 

Up  to  3  metres  (9ft.  lOin.  English     .">  francs. 

From  3  metres  (9ft.  lOin.  English)  to  450  mei  rai  ( 1  ■lit .  Bin. 

English)     M      „ 

From  5-50  metres  (14ft.  9in.  English)  to  G  metres  ( 1 9fl ,  HI , 

English)     15      „ 

From  6  metres  (19ft.  9iu.  English)  to  753  metres  (24ft.  7in. 

English)     20     „ 


Each  decimetre  (4in.  English)  in  draught  pays  proportionally  to  the 
category  to  which  the  vessel  belongs.  The  pilot  kept  on  board  in  case  of 
berthing  will  have  to  be  paid  20f.  per  day. 

Vessels  towed  will  be  allowed  a  reduction  of  25  per  cent,  off  the  charge 

for  pilotage. 

(Signed)     Feed.  De  Lesseps,  President. 
Paris,  17th  August,  1860. 


THE  ECONOMICAL  PURIFICATION  OF  ZINC  CONTAINING 
IRON. 

By  W.  H.  Chakdisb. 

In  the  galvanising  of  iron,  the  article  to  be  galvauised,  after  being  tho- 
roughly cleansed,  is  dipped  into  a  kettle  of  molten  zinc,  which  forms  an 
alloy  with  the  iron  at  the  surface  of  contact,  and  by  repeating  the  dipping 
the  thickness  of  the  superimposed  zinc  may  be  increased  at  pleasure.  In 
the  prosecution  of  this  manufacture,  the  ziuc  is  held  iu  large  iron  troughs 
or  kettles,  which  are  rapidly  corroded  in  those  pares  nearest  the  fire.  An 
alloy  of  zinc  and  iron  is  formed,  to  which  also  the  articles,  being  galva- 
nised, in  some  degree  contribute.  This  alloy  beiug  heavier  than  the  purer 
zinc  sinks  to  the  bottom,  and,  from  time  to  time,  is  removed  by  perforated 
ladles. 

The  composition  of  the  alloy  is  of  course  somewhat  variable,  depending 
upon  the  temperature  and  fluidity  of  the  ziuc  and  the  careful  straining 
from  the  fluid  metal.  The  two  analyses  here  given  were  made  by  the 
writer  a  number  of  years  since : — 

Zinc    94-27  9*15 

Iron    5-46  500 

Lead   027  056 

Tin  trace  029 


100-00       10000 

These  samples  were  taken  from  a  re-melting  of  a  large  quantity  of  the 
alloy,  which  is  the  only  practicable  method  of  obtaining  a  fair  average 
specimen. 

The  quantity  of  this  dross  or  refuse  is  quite  considerable,  amounting 
probably  in  the  United  States  to  several  hundred  tons  per  annum.  For- 
merly it  was  sold  for  use  in  coarse  brass  castings,  and  to  some  extent  it  was 
redistilled.  At  one  establishment  in  Boston  circular  clay  retorts,  similar 
to  those  in  use  in  the  gas  manufacture,  were  employed,  the  molten  alloy 
being  introduced  through  an  inverted  syphon  in  the  iron  mouthpiece  and 
the  condensing  tube  connected  with  the  reverse  end  of  the  retort,  dipping 
in  a  pot  of  molten  zinc ;  thus  all  access  of  air  to  the  interior  of  the  retort 
was  prevented,  and  little  or  no  oxidation  of  the  zinc  occurred. 

Several  years  since  a  small  lot  of  this  refuse  zinc  was  received  at  a  me- 
tallurgical establishment  in  Massachusetts,  in  which  the  writer  was  em- 
ployed as  chemist,  and,  in  experimenting  upon  it,  one  of  the  foremen  of 
the  establisliment  originated  a  method  by  which  the  zinc  could  be  obtained 
quite  free  from  iron.  Finally,  after  rebuilding  his  furnaces  and  in  various 
ways  altering  and  modifying  his  manipulations,  the  samples  of  purified 
zinc  being  analysed  after  each  alteration  of  the  process,  a  good  commercial 
article  was  obtained  containing  only  one-tenth  of  one  per  cent,  of  iron. 

The  process  consists  iu  melting  the  refuse  in  an  iron  kettle,  r.iising  the 
heat  nearly  to  tho  point  of  volatilisation  of  the  zinc,  and  then,  bj  ■  proper 
regulation  of  the  heat,  cooling  the  mass  slowly  from  the  bottom  bj  maani 
of  a  special  arrangement  of  flues.  An  alloy  of  zinc  andiron,  ooataininga 
much  larger  percentage  of  iron  than  tho  original  refuse,  gradually  forma, 
falls  to  tho  bottom  of  the  kettle,  and  is  removed  bj  ■  perforated  ladle, 
while  the  fluid  metal  is  much  purer.  The  pjnantifa  Ol  alloj  to  be  ladled 
out  depends  upon  the  impurity  of  the  original  refuse.  The  purified  line 
and  the  concentrated  impurity  are  melted  In  separate  kittle-,  and  each 
treated  as  in  the  first  operation. 

One  more  fusion  and  refrigeration  of  the  purified  BMC  and  the  .-till  tnoro 
impure  zinc  render  the  former  a  good  commercial  spelter  and  the  litter 
(do  impure  for  further  economic  treatment. 

I'liis  process  is  the  rererae  in  its  reactions  from  Patl  dc- 

flveri  in/  -iiv.  rieui  area.     In  the  latter  case  the  pnnn  :  dUeae 

from  the  more-  tluid  lead  and  silver,  whereas  in  the  former  I  pure 

alloy  separates  from  the  purified  sine. 

The  residue   from   this   process,  which    [s  Sold  for  fj  '*of 

hexagonal  pri imatio  eryel  us  of !■  foo  d  alloj  of  iron  and  .. 
glomarated  together  so  as  to  crumble  in  the  hand. 

Whan  the  operation  of  refining  in  badly  oonduotad,  more  oi  i  inc  nets 
us  a  solder  for  the  crystals.    They  an  beantifblrj  ibitlngall 

tie  colours  ol    the   riiinlow,  owing   to  a  sm  .en.     A    nuiiil  H 
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specimens  of  various  colours  were  selected  for  analysis  and  showed  a  com- 
position of — 

Zinc 90-50 

Iron 950 

100-00 
Upon  fusing  these  crystals,  which  requires  a  high  temperature,  and 
cooling  as  before,  a  small  percentage  of  purified  zinc  is  obtained,  and  an 
alloy  containing  as  much  as  12^  per  cent,  of  iron.     This  is  compact,  some- 
what brittle,  and  exhibits  no  evidences  of  crystallisation. 

This  'last-mentioned  fusion  is  not  made  in  practice,  as  the  great  beat 
required  for  its  accomplishment  rapidly  burns  out  the  iron  kettles. 

By  a  similar  process  lead  has  been  removed  from  zinc  with  great  accu- 
racy, the  amount  obtained  closely  approaching  the  quantity  therein.  From 
a  lot  of  Silesian  spelter  was  separated  lead  perfectly  malleable,  and  con- 
taining scarcely  a  trace  of  zinc.  The  purification  of  the  lead,  obtained 
from  the  process  of  desilvei  isation  of  silver-lead  by  means  of  zinc,  could  un- 
doubtedly be  accomplished  by  a  modification  of  this  process. 


PATENT  LAW. 
The  Bovtll  Litigation. 
(Continued  from  page  224.) 

We  must  now  follow  the  judgment  as  it  deals  with  the  evidence  not  used 
in  Bovill  v.  Keyworth. 

Now,  I  take  the  Isleworth  Mills.  It  is  very  important  to  look  exactly 
to  that  case  to  see  how  that  is  introduced.  I  think  I  may  safely  say  that 
there  is  no  dispute  now,  in  fact,  as  to  what  was  really  done  at  the 
Isleworth  Mills.  I  think  the  mode  in  which  it  was  introduced  was  a 
mode  which  I  do  not  in  the  least  suppose  it  was  intended — I  do  not  throw 
out  any  imputations  at  all,  nor  have  I  any  doubt  about  it — but  the  mode 
in  which  it  was  introduced  was  a  mode  which  would  have  misled  me,  until 
it  came  to  be  explained  how  the  thing  was  constructed,  and  until  we  had 
the  model — until  everybody  had  agreed  upon  it;  for  it  was  quite  clear 
when  you  came  to  consider  the  model  and  had  the  whole  case  before  the 
court,  what  was  really  done.  I  describe  what  was  really  done  as  this,  and 
I  shall  presently  refer  to  what  was  said  to  be  done  by  Mr.  Kidd  by  which 
I  should  have  been  misled  if  I  had  not  had  the  subsequent  evidence.  What 
was  done  by  Mr.  Mather  and  by  Mr.  Kidd  anterior  to  the  date  of  this 
patent  was  this  :  Mr.  Kidd,  like  everybody  else,  though  not  using  a  blast, 
found  the  inconvenience  of  stive — that  is  a  further  corroboration  of  what 
I  was  saying  that  great  inconvenience  was  found  by  everybody — the  stive 
went  down  into  the  room  below,  as  they  blew  through  the  stones,  and  the 
mill  was  in  this  condition.  You  had  a  floor,  where  the  meal  was  delivered 
beneath  the  stones,  then  there  was  the  stone  floor  ;  then  there 
was  the  engine  floor  (that  makes  the  third  floor) ;  then  there  was 
the  bin  floor  (the  fourth) ;  and  then  the  stage  floor,  which  was  the 
fifth.  I  am  now  describing  the  case  as  it  stands  on  the  whole  evi- 
dence; and  the  process  which  was  suggested  by  Mr.  Mather  to  Mr. 
Kidd's  mind  was  this.  Hot  air  will  naturally  ascend;  and,  therefore,  if 
you  let  the  hot  air  ascend,  the  air  coming  very  much  heated  through  the 
stones  you  will  get  a  good  deal  of  the  stive  off  with  it.  And  they  first 
began  by  simply  putting  up  three  feet  of  length  of  square  wooden  tubing 
— I  call  it  "tubing"  for  want  of  a  better  word,  although  the  word  "tube" 
generally  implies  something  round;  but  we  will  say  a  square  tube.  That 
was  three  or  four  feet  above  the  stones.  Then,  as  they  expected,  and 
might  well  have  expected,  the  hot  air  arose,  and,  with  it,  carried  the  stive 
and  came  out ;  but  then  it  was  as  bad  in  the  stone  floor  as  in  the  other 
room.  That  they  found  inconvenient.  Then  they  went  a  step  further,  and 
introduced  these  upright  tubes  from  several  sets  of  stones  (it  is  a  very 
large  mill,  and  there  are  three  divisions  of  the  mill) — they  applied  it  to 
each  division  having  a  good  many  stones — they  applied  it  first  to  one  divi- 
sion, and  then  from  each  pair  of  stones  carried  up  these  tubes  and  carried 
them  into  a  long  horizontal  tube  which  led  under  the  engine  room 
(by  engine  room  understand  the  machine  floor)  ;  then  they 
carried  it  through  the  engine  room,  in  which  engine  room  was  placed 
a  sort  of  "  cage  " — I  do  not  exactly  know  how  to  describe  it — something 
like  what  the  plaintiff  calls  the  stive  room — there  was  a  thing  with  porous 
fabric  hanging  about  it;  then  it  passed  through  that  up  into  the  bin  floor 
(it  was  in  the  bin  floor  that  this  thing  was  found),  then  it  went  up  into 
the  stage  floor  where  there  was  a  little  box  put  round  it,  and  then  after  a 
time,  for  it  was  a  gradual  process,  they  put  a  fan  at  the  top  of  this  series 
of  tubes  in  the  stage  floor  which  went  outside  the  building.  One  just  sees 
at  once  what  a  difficulty  there  would  be  in  making  such  an  apparatus  as 
that  draw  off  the  plenum.  Now,  perhaps,  this  would  be  the  better  place 
to  say  what  I  consider  the  "  plenum"  to  be.  It  is  only  what  Lord  Camp- 
bell considers  plenum  to  be — the  quantity  of  air,  which,  according  to  what 
Mr.  Garnrnan  says,   blew  out  the  canvas,  when  it  came  out  of  the  mill- 


stones— that  extra  quantity  of  air,  which  the  centrifugal  force  of  the  stones- 
produce?,  and  by  forcing  the  air  through  the  stones,  and  inflating  any 
flexible  matter,  and  if  it  was  in  a  box,  pressing  on  any  air  that  was  to  be 
found  in  the  box.  The  object  being  to  carry  off  this  plenum  only,  there 
ycu  had  this  long  apparatus  ;  and  as  I  have  described  it  as  it  really  existed, 
with  a  fan  not  placed  in  the  tube,  being  a  very  imperfect  mode  of  exhaust- 
ing the  stive,  but  placed  really  outside  it,  so  as  to  draw  through  all  this 
stories,  by  means  of  having  to  pass  through  the  chamber,  where  the  air 
had  free  admission,  through  this  sort  of  sacking,  so  that  the  power  of  ex- 
haustion, whatever  it  was,  must  have  been  of  the  feeblest  imaginable  kind 
when  it  got  to  the  top,  and  the  best  you  could  do  with  it  was,  to  get 
it  up  to  this  height,  and  to  dispose  of  it  outside.  Now  what  did  happen 
was  just  what  one  would  have  expected  would  happen  ;  and  it  is  clear  to 
my  mind  the  mode  of  exhausting  the  plenum  had  not  been  arrived  at ;  the 
air  had  never  been  drawn  up  and  exhausted  by  means  of  this  contrivance, 
where  you  had  but  one  continuous  close  tube,  with  a  fan  on  that  close 
tube,  with  an  area  existing  between  them,  except  where  the  fan  was  draw- 
ing it  up,  so  that  the  air  would  he  exhausted  to  any  degree  you  like,  ad- 
justing the  amount  of  air  so  as  to  make  it  neither  too  little  nor  too 
great.  You  have  nothing  of  the  kind  here;  but  the  air  would  rise  up,  as- 
it  appears  it  did  rise  up,  from  its  own  natural  levity,  if  I  may  use  that 
term — from  its  own  natural  thinness  or  levity — it  did  rise  up  to  a  certain 
extent ;  there  would  be  a  certain  feeble  degree  of  exhaustion  produced 
by  such  an  apparatus  as  this  at  the  top ;  and  in  going  up  feebly  in  this 
way  the  air  would  lose  a  great  deal  of  its  heat,  the  stive  would  be  capable- 
of  being  used,  and  fall  in  moisture  and  damp,  and  the  consequences  would 
be  that  when  you  got  to  the  upper  room,  such  stive  as  did  get  up  there 
by  reason  of  its  own  natural  thinness,  and  with  the  slight  assistance  of 
the  air  being  slightly  exhausted  in  the  upper  regions,  it  did  arrive  in  such 
a  state  that  the  moisture  fell  with  the  stive,  and  there  was  that  clammy 
substance  produced,  which  beyond  all  controversy  was  in  such  abundance 
that  it  had  to  be  removed,  certainly  weekly,  if  not  oftener — it  certainly 
required  to  be  removed  weekly — in  order  to  carry  off  to  the  pigs;  it  was 
a  nasty,  dirty,  clammy  substance  which  had  been  obtained.  Now,  I  am 
to  ask  myself,  whether  this  is  the  process  by  which  the  plenum  is  exactly 
adjusted,  as  we  we  find  in  other  cases,  and  in  the  experiments  which  took 
place — in  the  experiments  made  by  Government  and  others.  Am  I  to 
hold,  at  this  distance  of  time,  that  to  be  evidence  to  my  mind  of  a  process- 
being  adopted  which  just  exhausted  the  plenum ;  which  process  when 
adopted  in  the  course  which  the  plaintiff  has  pointed  out,  results  in  this, 
that  the  stive  is  carried  off  dry,  so  that  the  moist  air,  being  drawn  up 
with  the  stive,  and  the  air  being  blown  off  afterwards,  the  stive  falls  down, 
and  is  preserved  in  a  dry  state  ?  The  thing  is  kept  in  one  continuous  cur- 
rent, just  exactly  an  equable  current,  which  is  all  that  is  required,  and  the 
adjustment  is  complete  and  perfect.  Now,  as  to  adjustment,  it  was  con- 
nected with  machinery,  and  the  machinery,  of  course,  could  by  any  con- 
trivance of  it  make  the  thing  go  faster  or  slower,  and  some  contrivances 
seem  to  have  been  adopted  for  that  purpose ;  but  these  contrivances  re- 
sulted in  the  state  of  things  I  have  described. 

After  commenting  upon  various  passages  of  the  evidence  as  to  this  Isle- 
worth Mill,  his  Honour  remarked  : — 

"  Now,  I  do  not  forget,  of  course  (I  attended  particularly  to  the  evidence, 
and  have  attended  particularly  to  the  very  able  comments  that  evidence 
received  from  all  the  learned  counsel  engaged,  and  especially  as  regards 
this  particular  department  of  the  evidence,  Mr.  Williams  did  it  with  re- 
markable ability  and  remarkable  accuracy),  one  other  point  valuable  to  the 
defendant  is  brought  out,  which  is  this:  that  this  apparatus,  such  as  it  was 
and  such  as  I  have  described  it  now,  and  such  as  everybody  now  agrees  it 
was  (the  model  being  in  accordance  with  it),  did  so  far  satisfy  Mr.  Kidd, 
and  he  may  have  the  benefit  of  the  observation,  that  he  applied  the  same 
apparatus  to  other  portions  of  the  mill,  not  only  the  one  he  first  applied  it 
to  but  to  other  portions.  It  is  a  just  remark  to  make,  that  it  cannot  ba 
wholly  fruitless  and  wholly  useless,  because,  of  course,  he  would  not  go  to 
the  expense  (for  some  expense  must  have  been  incurred  in  such  alterations) 
of  obviating  the  inconvenience  which  Mr.  Westwood  pointed  out,  if  he 
did  not  find  some  benefit  from  it,  be  would  not  have  done  it.  I  do  not 
say  he  did  not  find  some  benefit,  but  the  question  is  whether  he  has  antici- 
pated the  plaintiff's  patent — whether,  testing  it  as  Sir  Roue  dell  Palmer 
wished  me  to  test  the  case  (and  I  believe  it  is  a  correct  mode),  if  it  had 
been  done  after  the  patent  instead  of  before  it  would  not  have  been  an 
infringement  ?  Well,  in  answer  to  that  I  say  I  apprehend  it  would  not. 
You  have  only  claimed  the  exhausting  the  plenum.  All  modes  between 
the  zero  on  one  side  and  the  vacuum  on  the  other,  we  think  ourselves  at 
liberty  to  use.  I  apprehend  that  to  be  so  according  to  the  case  of  Bovill 
v.  Keyworth ;  you  have  laid  your  mark  there,  and  that  is  your  boundary. 
The  answer  would  be,  such  a  scheme  as  this,  which  does  not  exhaust  the 
plenum,  would  have  been  no  infringement  of  the  patent ;  and  it  is  said, 
the  exact  test  was  appiied  which  was  suggested  by  Mr.  Bovill  about  the 
plenum.  That  is  far  from  satisfactory.  It  was  suggested  that  candles  were 
applied  ;  and  in  one  case  one  witness  has  said  that  the  flame  of  the  candle 
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was  sucked  up  the  spout,  which  would  seem  to  imply  that  which  I  said 
"before,  namely,  that  the  operation  of  the  exhaust  would  scarcely  reach 
down  to  the  bottom  part,  would  scarcely  be  just.  I  say  it  is  just  possible 
that  the  action  uuder  favourable  circumstances  might  take  place.  This 
is  only  a  single  occasion  that  is  talked  of,  when  the  flame  of  this  candle 
was  sucked  up  the  spout ;  it  does  not  appear  this  was  done  as  a  scheme 
or  device,  that  the  thing  was  rightly  done,  or  that  this  was  its  right  action. 
There  is  some  conflict  of  evidence  about  that.  Some  say  that  the  candle 
was  put  there  to  obtain  light;  and  others  say  the  light  was  not  wanted, 
that  there  were  gas  lamps  there,  and  candles  that  were  not  used,  and  that 
therefore  the  candle  was  brought  for  this  particular  purpose.  But,  in  oppo- 
sition to  all  that,  it  appears  tome  that  there  may  well  be  at  times  a  current 
of  air  going  up  in  the  way  I  described.  The  hot  air  could  be  going  up 
there,  s.nd  under  particularly  favourable  circumstances  it  may  have  been 
so  far  applied  as  to  produce  an  upward  current,  although  I  very  much 
doubt  it.  Depending  on  one  witness's  evidence,  in  answer  to  a  single 
question,  I  do  not  think  is  very  satisfactory ;  and  I  do  not  think 
a  case  of  such  importance  should  turn  upon  such  testimony  as  that. 
You  must  look  at  the  whole  apparatus,  and  the  whole  apparatus  seems 
to  be  as  different  a  thing  as  can  be  conceived  from  the  apparatus  the 
plaintiff  had  in  view  for  exhausting  the  plenum  so  as  to  give  the  right 
quantum  of  air,  which  would  have  to  be  applied  to  the  particular  purpose 
in  question.*' 

"  Now,  on  this  part  of  the  case,  I  ought  to  remark  that  the  witnesses  for 
the  plaintiff  state  very  positively  and  clearly  (those,  at  least,  who  were  em- 
ploved  in  Kidd's  mill)  that  the  dust  was  not  removed,  that  the  stive  was 
not  withdrawn,  that  the  mill  continued  very  nearly  as  dusty  as  it  was  be- 
fore, and  although  some  of  these  men  are  discharged  workmen,  they  do 
not  appear  to  me  to  he  in  a  position  as  to  which  I  can  possibly  refuse  to 
receive  their  testimony.  The  difficulty  the  plaintiff  is  put  to  in  a  case  of 
this  kind  of  course,  is  enormous.  He  has  got  a  patent  now,  which  has 
been  prolonged — the  Privy  Council  have  granted  him  a  prolongation;  it 
is  now  about  eighteen  year3  this  patent  has  lasted.  Witnesses  are 
called  to  speak  to  events  which  took  place  nineteen  years  ago ;  and  the 
only  thing  that  can  be  done  is,  to  obtain  nil  the  testimony  you  can  collecf, 
and  between  the  two,  I  think  the  plaintiff  and  defendant  have  exhausted 
it  on  both  sides. 

"  I  think,  therefore,  I  have  no  satisfactory  evidence  before  me  as  regards 
this  mill  being  an  anticipation,  or  what  was  done  by  Mr.  Mather  at  the 
mill  being  an  anticipation,  of  the  plaintiff's  patent.  Of  course 
the  plaintiff  is  entitled  to  the  observation  that  this  has  been  before  the 
jury,  and  upon  this  point  the  jury  seems  to  have  found  for  the  plaintiff. 
The  learned  Judge  before  whom  it  was  tried  certified — I  do  not  repeat 
the  exact  words,  but  the  substance — that  he  was  not  satisfied  with  this 
verdict,  and  not  satisfied  of  the  evidence  being  such  as  to  prove  the 
anticipation.  The  Master  of  the  Rolls,  adopting  that  view,  has  directed 
a  new  trial,  and  the  plaintiff  is  entitled  to  say  there  is  a  state  of  things 
in  which  at  all  events  he  has  already  obtained  a  verdict.  I  cannot  say 
it  would  be  right  and  proper  for  me,  now  that  all  the  facts  are  before 
me,  to  re-open  all  the  question  again.  There  really  is  not  a  single  fact  in 
dispute — if  there  be  any  fact  in  dispute  it  would  be  the  dispute  of  whether 
dust  still  remained — that  might  be  said  to  be  a  fact  still  in  dispute  ;  but 
we  have  no  dispute,  looking  at  the  nature  of  the  apparatus,  and  looking  at 
the  fact  of  it  existing  only  for  a  limited  time;  looking  at  the  fact  of  a 
skilled  engineer  coming  and  saying,  as  he  does,  it  is  more  beneficial  thnn 
anything  he  ever  saw  before,  and  yet  never  recommending  it  to  a  single 
oligomer;  when  you  look  at  the  f.-ct  of  there  being  subsequently  an 
alteration  by  which  one  process  is  adopted,  which  is  of  the  highest  impor- 
tance, placing  the  exhaust  where  it  could  be  useful,  I  think,  looking  at  nil 
the  circumstances,  and  every  single  fact  before  me — if  I  am  wrong  in  my 
Conclusions  from  the  facts  I  can  be  corrected  elsowhere — but,  really,  to  try 
such  a  case  upon  such  a  state  of  facts  which  are  not  in  dispute,  would 
appear  to  me  to  be  an  idle  process. 

"  Now,  Mr.  Williams,  in  part  of  his  argument,  put  the  matter  in  rather 
a  Striking  way  to  me.  I  noticed  it,  but  I  do  not  think  it  is  substantial.  It 
is  rather  an  objection  to  the  patent  itself,  ss  not  being  a  descripti  D  of  any- 
thing new,  than  anything  else.  He  SHI  it  is  supposed  that  at  I  leworth 
these  things  are  all  going  on  retry  satisfactorily  until  Mr.  Kidd  is  told  there 
is  something  for  removing  the  plenum.  Now  the  fresh  light  is  to  bursl 
upon  you.  There  is  no  direction  in  the  patent  how  the  thing  is  to  lie  dis- 
tinctly accomplished — what  tests  you  nro  to  hire.  Von  have  given  to  yon 
certain  vague  tests  yourself;  you  give  the  candle  test  and  certain  other 

vague   t:\sts  on  the  subject.  ;  you  say  it    is  hot  to  your   band,  anil    not     it 
nice  a  condition  as  it  ought  to  be;  and  then    it  is  supposed  that  a  Midden 
burst  of  light  breaks  upon  you  as  to  the  plenum.      That  sounds   very  well  ; 

bat  the  answer  i*,  thai   the  Court   of  Queen's  Bench  has  decided  that  this 

is  a  new  invention    and   that  it  is  sufficiently   described,      Bui     than 
much   better  answer  than  any  judgment  of  ■   court  of  law  COUld    be,  and 

that  It  the  state  of  the  facts,  it  appears  to  me  tint  m  [slewortb  mills 
they  did  use  a  process  which  seems  certainly  something  like  Mr.   BorQl'l 


invention  in  1S56 — they  did  do  that ;  and  therefore  the  discovery  of  the 
plenum  did  certainly  effect  that  which  was  found  wanting  before  the  time 
at  which  the  discovery  was  made." 

Some  of  these  passages  are  instructive  and  some  remarkable,  and  not 
the  less  so  because  it  happened  that  on  a  subsequent  occasion  they  were 
relied  upon  before  the  same  learned  Judge,  by  a  miller  to  shew  that  he  had 
not  infringed,  but  were  unavailing  for  that  purpose.  The  remarks  to  the 
effect  that  Mr.  Bovill  had  already  obtained  a  verdict  against  the  evidence 
as  to  this  Isleworth  mill,  are  certainly  obscure,  aud  the  fact  was  just  the 
contrary. 

Knowing  ns  we  do  the  nature  of  the  questions  which  the  jury  considered 
in  Bovill  v.  Keyworth,  and  that  in  the  evidence  in  the  present  case  there 
was  not  a  syllable  said  by  any  person  to  the  effect  that  he  was  instructed 
by  Mr.  Bovill's  specification,  to  do  anything  which  he  was  previously  un- 
able to  accomplish ;  that  there  was  in  fact  no  evidence  whatever  of  the 
sufficiency  of  the  specification,  and  waking  to  the  boldness  of  the  learned 
Judge  in  deciding  that  Mr.  Mather,  Mr.  Kidd,  and  all  the  others,  were  so 
imbecile,  as  to  go  on  for  years  working  an  exhaust  with  a  fatal  fault  in  the 
air  pipe,  it  is  refreshing  to  see  how  the  difficulty  is  overcome  that  the 
specification  did  not  supply  the  necessary  instruction  lor  avoiding  the 
blunders  committed  at  Isleworth. 

"  Then  as  regards  the  other  case,  as  to  which  I  heard  a  reply ;  that 
was  the  case  of  the  Houghton  mill.  As  regards  the  Houghton  mill,  it 
stands  in  a  very  peculiar  position.  Mr.  Potto  Brown  was  examined,  aud 
the  only  question  asked  him  in  cross-examination  was,  whether  he  did  not 
say  before  the  Privy  Council,  as  he  admits  he  did,  and  I  have  the  evidence 
before  me,  'My  scheme  is  not  at  all  the  plaintiff's  scheme.1  In  his 
evidence  here  he  says  something  more:  his  explanation  is  that  he  does  not 
employ  a  blast.  That  is  a  suggestion  of  the  counsel ;  but  I  do  not  think 
it  is  a  suggestion  that  was  repeated  by  the  witness.  I  knuiv  now  exactly 
what  Mr.  Potto  Brown's  contrivance  did  consist  of.  It  is  odd  that,  if  he 
did  not  invent  that  which  he  describes,  it  should  have  been  so  long 
before  it  was  heard  of,  because  he  was  with  the  plaintiff!  and  saw  D'Arblay's 
mill,  which  the  plaintiff  saw.  He  says,  '  D'Arblay's  mill,  in  a  great  degree, 
suggested  to  my  mind  what  I  afterwards  did.  I  took  the  suggestion  from 
what  was  going  on  there.'  Ho  came  over  and  be  made  this,  which  he 
afterwards  describes  as  not  being  at  all  the  same  thing  as  the 
plaintiff's;  and  I  think,  when  we  look  to  see  what  it  is,  we  shall  find 
it  was  not.  Then  he  says  the  apparatus  was  altered,  but  very  little,  at 
different  times.  He  says,  as  far  as  regards  the  substance,  there  was' in  fact 
no  substantial  alteration  nt  all,  nnd  the  thing  has  been  in  the  same  state 
since,  and  is  so  now.  He  says,  since  1858  I  have  shut  up  my  mill,  and 
have  not  allowed  any  ono  to  come  in  except  some  friends  of  mine.  I 
am  very  careful,  and  will  not  have  anybody  there.  Of  course  it  is  not 
satisfactory  to  the  Court  to  have  evidence  about  a  state  of  things  when 
it  is  so  difficult  to  get  the  proper  evidence  upon  it,  and  when  the  result  of 
that  evidence  is  intended  to  overthrow  a  patent.  If  I  had  to  rest  upon 
Mr.  Potto  Brown  alone,  it  would  be  very  Unsatisfactory  in  that  state  of 
things  ;  but  I  have  the  evidence  of  people  who  worked  in  his  mill,  who 
describe  what  has  happened  ;  and  Mr.  Justice  Willes,  very  properly  in 
his  observations  on  this  part  of  the  case,  said,  t'.ey  described  it  correctly. 
The  witness's  name  is  Charles  Austin;  he  describes  the  apparatus  at 
page  85,  aud  he  says:  "I  recollect  the  arrangements  of  the  machinery 
in  the  mill  at  Houghton — they  were  as  follows:  wood  spouts  were  con- 
nected with  the  side  of  the  millstone  cases,  and  these  led  into  a  horizontal 
wood  trunk,  which  trunk  ran  along  the  floor,  at  the  back  of  the  range  of 
the  millstones,'  (so  fir  very  like  the  Isleworth  mills).  '  from  this  horizon- 
tal trunkal)  upright  spout  went  through  the  floor  into  a  room  above.'  Now 
comes  n  very  important  point:  —  'The  millstone  case  lutd  holes  cut  all 
round  the  sides,  and  some  of  them  had  large  holes  us  much  us  lour  inches 
in  diameter.  In  the  room  above  the  stonc-lloor  there  was  a  fan  worked 
by  a  strap  running  through  an  opening  cut  in  tin  floor,  the  Ian  was  open 
at  the  side  or  Centre  of  the  CBSe,  and  the  fan  blades  could  be  seen  '  (that 
is  very  much  like  the  proceedings  at  Isleworth).  '  Some  hot  air  and  dttll 
used  to  come  up  the  spout  from  the  trunk  nnd  stone  cases  into  this  mom, 
aud  afterwards  RSOended  through  a  large  hole  into  a  room  In  the  Boor 
above  it.  1  reCoHeOC  occasionally  seeing  the  men  cleaning  out  the 
horizontal  trunk  in  the  ground  floor,  which  they  did  with  a  hoe,  and  scrape. I 

..in  damp  past]  Boor' (similar  to  what  they  described  nt  Qhugowi 
the  thing  they  called  a  'monkey,' which  they  used  to  draw  through  It.) 
•  i  he  dust  and  itive  from  the  muUetonei  ued  to  blow  out  of  the  boles  in 

Idei  Of  the    millstone    eases,    unless    they    Were    OlOSed.'      It    is   quite 

evident   when  you  read  the  evidence,  and  Mr.  Williams  conceded   n  u 

far  aa  the  holes  go j  that,  as  far  as  the  holes  go,  they  v> hoi,  s ,  ut  In  the 

mill-stone  cases.  1  do  not  understand  how  you  can  possibly  gel  n  plenum 
there  al  all.  Mr.  Kob.rt  soil  says  you  e.innot  gel  a  plenum  in  the  DOX  (I  do 
Dot  agree  with  him  there],  BOleM  it  is  liermet  ic.illy  sealed  ;  but   I  apprehend 

there  may  be  a  pressure  ol  air,  driving  In  other  air  oooealonalW,  wbiohla 
called  a  tort  ol  muffle,— like  the  first  attempt  el  the  screw,     ii  »»«  .. 

like  a  windmill,  with  the  four  sails,  and  it  WBI   found  that  I  kind  of  mullle 
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took  place,  by  the  accumulation  of  the  water  at  the  different  points  of 
the  screw,  and  fish  tails  were  afterwards  adopted,  when  it  was  found  that 
that  muffle  could  not  he  remedied. 

"  There  is  this  fact  about  the  artificial  blast ;  that  when  the  holes  are 
open,  out  blows  the  stive.  That  corroborates  what  I  said  before  about  the 
blast  that  takes  place  in  common  grinding.  He  says  :  "  I  have  often  seen 
this  in  the  Houghton  mill,  as  it  made  more  stive  and  dust  in  the  stone 
floor ;  the  stive  room  in  which  the  fan  was  placed  was  not  an  airtight 
room,  there  were  holes  in  the  floor  through  which  the  strap  passed  for 
driving  the  fans,  and  there  was  a  window  in  the  room,  and  the  boards 
were  not  jointed  airtight.  The  lower  floor  of  the  mill  was  not  airtight ; 
it  was  not  very  dusty,  but  still  there  was  some  stive  coming  down  the 
meal  spouts.  I  have  seen  the  City  mills,  where  there  is  no  stive  and  dust, 
in  the  spout  floor,  and  the  said  floor  is  in  quite  a  different  condition  to 
that  of  the  said  Houghton  mill  spout  floor.'  Then  he  says  he  went  again 
in  1866,  and  found  considerable  change  in  the  working,  that  it  was  quite 
clear,  although  the  stones  were  not  grinding  so  much  as  they  did  formerly. 
'And  I  found  the  stive  rooms  very  different  to  what  they  were  before; 
there  was  no  wet  yeast,  or  stinking  flour  as  formerly,  and  gauges  had 
baen  affixed  to  each  pipe.  The  curtain  in  the  upper  room  was  not  being 
used,  but  was  drawn  aside  and  hung  in  a  bundle/ — ond  so  on.  Then 
he  describes  exactly  what  happened  at  Houghton.  As  soon  as  the  imper- 
fections were  discovered  in  these  attempts  and  contrivances,  the  thing 
being  a  failure,  seems  to  have  been  taken  up,  and  something  similar  either 
exactly  like  the  plaintiff's,  or  something  very  like  the  plainsiff's,  to  have 
been  obtained. 

"  Now  I  think  it  will  be  only  fair  to  read  Mr.  Potto  Brown's  deposition. 
Mr.  Potto  Brown  tells  you  what  he  did  in  this  way.  He  shews  what  direc- 
tions he  gave,  and  what  additions  he  made : — '  The  new  machinery  consists 
of  wide  boxes  or  tubes,  connecting  a  fan  with  the  stone  cases,  which  draws 
the  hot  air,  and  stive,  and  damp  from  the  stone  cases.  The  hot  air,  and 
stive,  and  dust  were  thus  carried  into  two  chambers,  one  above  the  other, 
the  fan  being  in  the  lower  chamber  of  the  two.  The  upper  chamber  was 
divided  by  a  large  loose  curtain,  made  of  strainering,  which  is  a  porous 
material,  attached  to  the  ceiling  of  the  room,  and  on  one  side  of  the  room, 
and  was  made  to  open  on  one  side  and  the  bottom  ;  the  curtain  entirely 
filled  the  aperture.  The  object  of  its  not  being  attached  to  all  four  sides 
of  the  room  was  to  clean  out  the  room.  The  air  which  was  drawn  up  by 
the  fan  escaped  through  the  curtain  into  the  other  part  of  the  upper 
chamber,  which  part  of  the  chamber  communicated  with  the  open  air  by 
means  of  a  large  cylinder  covered  with  a  cowl,  the  air  escaping  through  the 
curtain  the  stive  remained  in  the  inside.  The  curtain  was  not  always 
used ;  it  was  not  used  in  damp  weather.  In  dry  weather  it  was  entirely 
closed;  the  object  of  the  curtain  was  to  strain  the  air,  and  so  preventing 
the  stive  escaping  from  the  mill,  had  it  effected  that  object.  After  these 
alterations  were  completed  the  mill  was  in  full  work  with  the  additional 
machinery,  and  was  accessible  to  any  one  who  desired  to  see  it,  and  it  was 
seen  by  a  great  many  people.  My  workmen  understood  the  use  of  the  new 
machinery  perfectly  well ;  any  one  could  see  my  mill  and  the  machinery, 
up  to  about  1858,  when  the  plaintiff  commenced  a  suit  against  me.  Since 
that  time  it  has  not  been  open  except  to  our  friends.'  Then  he  says : 
'  The  plaintiff  has  not  proceeded  in  his  suit  against  me.' 

"  Then  John  Clark  gives  evidence,  and  he  says  :  '  I  built  some  blowers  to 
draw  the  air  from  the  stone  cases ;  by  blowers,  I  mean  a  fan,  and  the  fan 
was  connected  with  the  millstone  cases  by  a  long  spout,  from  which  long 
spout  ran  tributary  spouts  to  the  millstone  cases.'  Then  he  constructed  a 
chamber,  and  a  partition  in  the  upper  chamber.  He  describes  all  this, 
but  does  not  lescribe  that  important  part  which  is  the  part  I  have  men- 
tioned before,  namely,  the  holes  all  round  the  box.  Mr.  Williams  then 
said  that  would  only  make  the  room  a  part  of  the  machinery.  I  apprehend 
the  whole  effect  of  the  plaintiff's  arrangement  is  this — accumulation  of  air 
in  a  confined  space  by  means  of  a  blast  driven  into  it,  and  then  we  get  a 
delicate  arrangement,  delicate  in  one  sense,  but  not  delicate  in  the  other, 
an  arrangement  by  which  you  shall  simply  throw  off  that  which 
will  not  produce  a  draught,  by  means  of  the  exhaustion,  but  simply  to 
take  off  that  muffle  which  occasions  inconvenience  and  cause  the  stive  to 
he  blown  out." 

Enough  has  been  extracted  from  the  judgment  to  shew  how  the  evi- 
dence of  prior  use  was  disposed  of,  and  it  needs  only  to  be  added  that  the 
decree  was  an  injunction  against  Mr.  Crate,  restraining  him  from  further 
infringing  the  patent,  and  ordering  him  to  pay  the  cost  of  this  suit  as 
between  solicitor  and  client. 


It_  is  a  fact  well-known  to  artists,  that  the  splendidly  bright  colour  of 
vermilion  (cinnabar,  sulphide  of  mercury)  has  a  tendency,  especially  if  it 
has  been  mixed  with  white  lead,  to  become  blackish  brown  and  very  dark 
coloured  in  a  comparatively  short  time.  This  tendency  of  the  vermilion  is 
altogether  obviated  if,  previous  to  being  mixed  with  oil,  it  is  thoroughly 
mingled  with  about  one-eighth  of  its  weight  of  flower  of  sulphur. 


MIDDLESBOROTJGH  IRON  AND  STEEL  INSTITUTE. 

ON  THE  MANUFACTURE  OP  KAILS. 
By   Mr.  Williams. 

The  writer  said  he  proposed  to  consider,  from  the  standpoint  of  a  rail- 
maker,  the  several  kinds  of  rails  iu  use,  the  merits  and  demerits  of  each, 
together  with  the  processes  of  manufacture  generally  followed.  It  was 
too  much  the  habit  to  assume  that  there  was  antagonism  between  those  who 
make  rails  and  those  who  use  them ;  and  that  the  former  desire  only  to 
make  cheap  rails,  however  bad,  and  that  the  latter  interpose  difficulties 
and  onerous  stipulations  without  reasonable  cause.  He  believed  that  view 
to  be  entirely  incorrect;  that,  on  the  contrary,  the  great  majority  of 
engineers  and  ironmakers  alike  were,  in  their  several  ways,  striving  after 
the  same  end,  namely  rails  of  high  quality  and  at  the  lowest  price 
possible. 

The  rails  of  to-day  were  of  two  distinct  kinds ;  those  made  from  ingots, 
and  those  built  up ;  and  be  admitted  that  the  question  of  cost  and  possible 
supply  not  considered,  ingot-made  rails  were  the  best.  It  was  incorrect  to 
describe  the  two  kinds  as  steel  and  iron  rails,  because  the  Bessemer  rails 
now  making  have  a  percentage  of  carbon  much  lower  than  that  of  steel 
proper,  as  they  used  to  know  it.  Besides,  as  far  as  he  knew,  it  was  impos- 
sible to  define  where  iron  ended  and  steel  began.  It  would  be  as  well, 
therefore,  to  call  the  two  divisions  ingot  rails  and  piled  rails.  He  had 
come  to  the  conclusion  unwillingly  that  they  would  not  succeed  in  pro- 
ducing puddled  workable  and  welded  solid  blooms ;  and,  as  far  as  their 
present  knowledge  extended,  ingots,  cheap  enough  to  make  rails  on  a  con- 
siderable scale,  were  only  to  be  obtained  by  the  Bessemer  process.  Whether 
or  not  the  Siemens-Marten  process  could  compete  in  point  of  cheapness 
of  production  with  the  Bessemer  process,  was  as  yet  unproved.  It  was 
sufficient  to  know  that  both  could  without  doubt  produce  ingots  that  rolled 
into  rails  without  much  difficulty;  and  that  such  rails,  being  free  from 
the  possibility  of  lamination,  must  be  more  enduring  than  built-up  or  piled 
rails,  however  carefully  made.  If  the  phosphorus  difficulty  could  be  got 
over — and  be  thought  it  could — and  the  cheap  pigs  of  the  Cleveland  district 
were  available  for  the  Bessemer  process,  there  would  be  so  great  a  reduc- 
tion of  cost  that  ingot  rails  would  be  almost  as  cheap  as  piled  rails,  and 
the  latter  must  at  once  give  way  ;  but  there  was  not  at  present  any  good 
ground  for  expecting  that  such  a  change  was  near.  The  removal  in 
February  next  of  the  bulk  of  the  present  Bessemer  royalty  charge  would 
no  doubt  reduce  the  selling  price  of  ingot  rails ;  but  he  was  mistaken  if 
after  all,  they  could  be  produced  so  as  to  be  sold  within  40s.  or  50s.  per  cent 
of  the  average  selling  price  of  good  piled  rails,  the  life  of  which  in  the 
ordinary  operations  of  a  heavily  worked  railway  would  be  about  fifteen 
years.  For  very  severely  worked  places  ingot  rails  at  almost  any  moderate 
extra  price  were  of  course  the  best.  Strenuous  efforts  had  been  made  by 
nearly  all  the  great  ironmakers  to  produce  steel  topped  rails,  which  it  was 
hoped  would  be  made  much  more  lasting  than  the  usual  piled  iron  rails 
and  less  costly  than  ingot  rails.  Puddled  steel  seemed  to  offer  a  cheap 
and  good  material  for  this;  and  after  some  difficulty  to  begin  with,  it  was 
produced  of  very  uniform  quality.  It  was  no  doubt  a  material  capable  of 
resisting  well  the  wear  and  tear  of  railway  stock;  but  it  could  scarcely  be 
welded  at  all ;  and  as  it  could  not  be  obtained  in  solid  blooms  for  rail  sizes 
the  system  failed,  and  had  been  abandoned,  in  this  country  at  least,  entirely. 
That  Bessemer  steel  slabs  could,  by  great  care  and  skill,  be  so  fastened  to 
iron  as  to  make  rails,  was  proved  by  the  instance  of  the  rails  supplied  to 
the  Edinburgh  and  Glasgow  Railway  and  to  the  Swedish  Government.  He 
.however,  did  not  expect  to  find  such  rails  come  into  general  use,  because  of 
the  difficulty  of  welding  on  the  steel  slab,  which  is  not  much,  if  at  all,  less 
than  puddled  steel.  So  far  as  he  could  see,  the  only  choice  lay  between 
the  ingot  and  the  piled  rail;  and  in  the  uncertainty  as  to  the  Siemens- 
Marten  process,  it  might  be  assumed  that  the  Bessemer  process  would  supply 
the  former. 

He  did  not  advocate  the  discontinuance  of  testing  rails.  But  to  meet 
the  severe  tests  it  was  absolutely  necessary  to  use  fibrous  iron,  and  not  to 
beat  it  too  much.  He  had  thought  and  experimented  much  upon  the 
subject,  and  was  satisfied  that  fibrous  nature  and  weldability  did  not  go 
together;  and  that  only  well  piled  crystalline  iron  welded  easily,  and  there- 
fore, with  moderate  certainty.  It  was  undesirable,  he  thought,  to  use  rail 
piles  of  great  sectional  area,  which  are  less  likely  to  be  heated  equally  at 
the  centre,  than  the  small  piles  of  a  quarter  of  a  century  ago.  The  two 
great  rail-producing  districts  of  this  country  were  Wales  and  the 
North  of  England ;  and  each  had  a  system  of  working  different  from  the 
other.  The  Welsh  system  had  the  merit  of  more  work  in  the  iron — that 
is,  greater  consolidation — than  is  obtained  by  the  North  of  England  system. 
That  was  a  doubtful  advantage,  if  it  was  really,  as  he  believed,  that  the 
iron  for  rails  was,  as  a  rule,  too  much  worked ;  while  it  had  the  demerit  of 
having  many  through  welds  on  the  beads  of  the  rails.  The  North  of 
England  system  produced  hard  crystalline  heads  with  the  fewest  possible 
welds ;  and  when  the  iron  of  the  district  was  not  too  much  worked,  and 
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thus  made  fibrous,  it  was  of  the  most  weldable  character,  though  somewhat 
brittle.  Such  iron,  it  seemed  to  him,  was  likely  tj  produce  enduring 
rails;  and  lie  firmly  believed  that  with  proper  attention  piled  rails  could 
and  would  for  a  long  time  yet  be  made  from  it,  as  enduring  and  capable 
of  competing  successfully  with  good  ingot  rails  produced  by  the  Bessemer 
process. 


SIEMENS'  REGENERATIVE  FURNACES. 

By  Mr.  J.  T.  Smith. 

Although,  the  writer  said,  this  subject  has  been  brought  before  various 
societies  since  1862  by  some  of  the  most  eminent  men  of  the  day,  and  for 
many  years  had  been  in  extensive  and  successful  operation  iu  various  pro- 
cesses connected  with  manufactures,  both  at  home  and  abroad,  it  had,  with 
very  few  exceptions,  net  been  adopted  in  the  iron  and  steel  works  of  Great 
Britain.  It  was  possible,  however,  that  in  a  few  years  those  districts 
which  contained  large  quantities  of  inferior  coal  or  fine  slack,  without  suffi- 
cient bituminous  principle  to  make  it  available  for  cooking  purposes,  would 
find  that  they  possessed,  by  means  of  the  above  invention,  the  means  of 
supplying  their  requirements  from  such  sources.  While  in  this  country  it 
was  probable  that  coal  would  exclusively  be  used  to  produce  the  gaseous 
fuel  required  for  the  regenerative  furnaces,  in  France,  Belgium,  and  Spain 
they  merely  used  wood ;  in  Germany  lignite,  and  in  Italy  peat.  It  was 
believed  that  the  first  idea  of  storing  waste  heat  to  be  used  at  intervals 
was  due  to  Dr.  Stirling,  of  Dundee,  who,  in  1817,  patented  the 
regenerator  or  heat  accumulator,  and  subsequently  applied  it  to  his 
caloric  engine.  Captain  Ericcson,  in  1851,  also  used  a  kind  of  re- 
generator to  his  air  engine ;  but  Siemens  had  previously,  in  the  years 
1817-8-9,  taken  out  patents  for  his  regenerative  steam  engine  and  con- 
denser. None  of  these  inventions  ever  came  into  extensive  practice,  and 
not  till  1862  did  the  discovery  really  assume  a  shape  which  was  at  all  at- 
tractive. The  invention  might  be  generally  described  as  requiring  a  pro- 
ducer— for  the  volatilisation  of  coal,  wood,  peat,  and  such  like  products  into 
gases — which  might  be  erected  at  any  practicable  distance  from  the  fur- 
naces to  which  they  were  to  be  applied  ;  while  a  regenerator,  divided  into 
four  compartments  filled  with  loose  fire-bricks,  had  to  be  placed  under  the 
furnaces.  Tb  ;se  regenerators  were  simply  fire-brick  chambers  divided 
into  four  compartments,  one  on  ea'di  side  for  the  passage  of  gas,  and  two 
in  the  centre  lorair,  with  generally  five  ports  at  each  end  communicating 
with  the  furnaces  above.  The  chambers  were  filled  with  fire-bricks  placed 
in  a  chequered  manner,  and  while  the  upper  portion  had  to  be  of  the  best 
quality,  those  beneath  would  answer  if  they  were  of  the  most  inferior  de- 
scription. The  chemical  action  which  took  place  in  the  producers  was 
described  by  Mr.  Siemens  iu  his  lecture  before  the  Chemical  Society  as 
follows  :  "Air  is  admitted  at  the  grato,  and,  as  it  rises  slowly  through  the 
ignited  miss,  the  carbonic  acid  first  formed  by  the  combination  of  the 
oxygen  with  the  carbon  of  the  fuel  takes  up  an  additional  equivalent  of 
carbon  forming  carbonic  oxide,  which,  diluted  by  the  inert  nitrogen  of  the 
air,  and  by  a  little  unreduced  carbonic  acid,  and  mixed  with  the  gases  and 
vapours  distilled  from  the  raw  fuel  during  its  gradual  descent  towards  the 
grate,  is  led  off  by  the  gns  tubes  to  the  furnaces."  The  temperature  of 
gas  at  the  junction  of  the  upcasts  with  the  tubes  was  from  1,250  to 
1,300  ibrenheit,  a  rather  higher  point  than  had  yet  been  noticed. 

U.-IVrn  ii  had  i  ravelled  2(X)  ft.  iu  the  tube,  with  an  external  atmosphere  of 
60  degrees,  the  temperature  was  reduced  to  about  130  degrees.  lie  hod 
himself  been  unable  to  ascertain  the  exact  quantity  of  heat  lost  by  radiation 
in  the  inti  rval,  but  the  experiments,  although  not  complete,  were  sufficient 
to  show  that  the  quantity  was  so  small  that  at  present  he  could  see  no 
way  of  economically  applying  it.  This  lowering  of  the  temperature  and 
condensation  of  the  gases  was  of  advantage  in  many  respects.  Tire  gas 
being  heavier,  earned,  in  its  transit  through  the  tubes  and  the  various 
downcasts,  a  syphon  ;  ction  ;  and  thus  not  only  drew  the  gas  from  the  pr  I- 
irnaces,  but,  by  b  ping  ap  a  slight  outward  pressure,  pre 
lission  of  air  through  any  crevice  in  the  tubes  or  the  expan- 
sion boxes.  [I  r  from  the  coals  into  a  series  of  wells 
beneath;  while  the  w  tel  was  also  d,  and  tbu 
vent' iii'  il  bj  in  trod  i  o  greal  supply  of 
oxygen  into  the  furnaces.  An  in  detail  the  applii 
and  effeel  of  the  gases,  Mr.  Smith  added  thai  for  many  months  each  pro- 
ducer nt  Harrow  bad  I  »,  and  that  the 
i    momy  effected           ■  ■  ben  I  he  consumption  had  nol   i 

•  i  f  one  cubic   I  at  the  ord 

ii    of  thin  air  to  be  '075  lb.,  the  volume  of  carbonic  oxide,  hydro- 
carbon, and  hydrogen  from  one  '  >n  of  coal  would  beaboul  58,000  It.;  and 

rogen   i  L22 

176,000ft,    The  consumption ol  coal  in  the  producers  al    Barrow  being 
600  tons  per  week,  it  gave  nn  amount  of  gas  passing  through  the  tul 
the  rate  of  6i  ft.  per   iccond,  i     87,000,000  cubic   feet;  or  through  the 

various  Inrnaees,  adding  the  qc  -\r  there  admit!   d,  of  I 

The  saving  of  fuel  by  this  process  if    Barrow  was,  ovet   a  period  of  t«o 


years,  no  less  than  44  per  cent.;  but  the  actual  money  saving,  bv  the  use 
of  a  particular  kind  of  ccal,  had  been  more  than  one-half.  The  yield  of 
the  gas  furnaces,  taken  over  the  same  period,  showed  a  saving  of  21  per 
cent,  as  compared  with  the  work  at  the  firing  furnaces,  and  the  amount  of 
the  repairs  was  just  two-thiids  of  the  old  cost.  In  these  three  particulars 
was  undoubtedly  to  be  found  the  chief  economy  ;  but  [the  adoption  of  the 
system  enabled  them  to  preserve  greater  cleanliness  and  order  in  their 
works,  and  an  entire  absence  of  smoke  met  a  difficulty  which  in  the  neigh- 
bourhood of  large  towns  was  every  year  becoming  a  greater  grievance. 
There  was,  he  admitted,  a  slightly  increased  outlay  on  the  plant ;  but, 
taking  into  consideration  the  increased  capabilities  as  to  quantity,  it  would 
be  found  to  represent  the  difference  in  cost  between  the  two  systems. 


OX  A  NEW  PROCESS  FOR  REMOVING    SILICON  FROM  IRON. 
By  Mr.  J .  Palmeh  Bcdd. 

In  the  Welsh  ironworks,  the  pig  iron  is  principally  white.  The  whole 
of  the  forge  cinder  made  is  put  on  the  blast  furnaces,  and  cinder  in  large 
quantities  is  purchased  in  addition  from  the  tin-plate  and  other  neighbouring 
forges.  A  large  admixture  of  Lancashire  and  Cumberland  and  other 
hematite  ores  is  put  on  the  furnaces  as  a  corrective.  The  furnaces  are 
driven  bard,  and  the  white  is  of  course  inclined  to  be  sulphury.  The  plan 
of  working  is  to  refine  before  puddling,  from  a  half  to  a  third  of  the  white 
iit  refineries  placed  before  the  blast  furnaces,  running  the  iron  into  them. 
The  yield  of  these  fineries  from  molten  iron  is  about  23  cwt.  of  pig  or  cast 
iron  to  the  ton  of  refined  metal ;  the  consumption  of  coke  is  5  or  6  cwt. 
to  the  ton  ;  and  the  total  expense  of  the  refinery  process  from  10s.  to  15s. 
a  ton.  In  some  works  the  puddling  furnaces  have  one-half  white  pig  and 
one-half  refined  iron;  in  others,  the  proportion  is  one-third  refined  metal, 
one-third  white  pig,  and  one-third  urine  pig,  made  without  cinder  from 
argillaceous  mine  and  hematite  ores.  Soft  Lancashire  ore  is  freely  allowed 
for  fettling  6he  puddling  furnaces. 

The  popular  notion  is,  that  the  white  iron  is  decarbonised  in  the  refinery 
process,  and  freed  from  sulphur  and  phosphorus.  Messrs.  Crace  Calvert 
ami  II.  Johnson,  Dr.  Percy,  and  other  authorities,  have  shown  conclusively 
that  this  popular  notion  is  unfounded.  They  have  proved  that  all  cast 
iron  contains  a  notable  proportion  of  silicon,  varying  from  1  (o  (i  per  cent 
(the  greyer  the  iron  the  great)  rthe  proportion  of  silicon),  which  is  reduced 
in  the  blast  furnace,  and  combined  with  the  iron  from  its  earthy  base,  silica. 
It  is  silicon  which  imparts  its  casting  property  to  pig  iron  ;  when,  removed 
cast  iron  is  only  semi-fluid,  although  it  may  retain  all  or  nearly  ail  its 
carbon.  From  its  greater  affinity  for  oxygen  than  carbon,  silicon  protects 
the  carbon  in  pig  iron  from  the  action  of  oxygen,  even  when  it  is  presenf 
in  the  smail  proportion  of  L-SOOth  per  cent,  do  carbon  is  burnt  off.  Silicon 
is,  in  many  of  its  properties,  very  analogous  to  carbon;  and  the  refining 
process,  instead  of  being  called  a  decarbonising,  might  be  betti  r  described 
as  a  clesiliconisiug  of  the  iron.  Now,  the  process  he  had  invented  desili- 
coniscd  the  iron  as  tapped  from  the  blast  furnace  without  wasting  the  iron, 
and  without  any  extra  expense  whatever  beyond  the  usual  cost  of  the  pig  : 
nay  more,  it  was  more  economical  to  make  than  pig  iron.  The  pro 
must  therefore  revolutionise  the  present  practice  in  the  iron  trade.  His 
usual  mode  of  proceeding  was  I  of  iron  moulds  similar  to 

those  used  belore  a  refinery,  as  near  as  convenient  to  the  tap  hoi.-  ol  the 
blast  furnace.  lie  made  a  paste  by  moistening  with  water  soft  hematite 
ore,  which,  if  gritty,  is  previously  ground,  and  he  threw  a  bucket-full, 
containing  about  601b.,  into  the  mould  in  a  semi-liquid  Mate,  and  spread  it 
evenly  orr   the  bottom   and  sides.      The   mould   being  quite   hot  Irom    the 

previous  cast,  dries  the  paste,  which  adheres  to  the  bottom.     He  then  taps 
rich  iron  as  is  required  from  the  blast,  furnace,  and  illowsil  to  run 

over  and  till   the  moulds    tithe   depth  i  f   three  and    ahull    to  lour   inches. 

ebullition  to  f  Same  ol  a  pj  inliar   white  colour 

burn  on  the  surface,  which  he  assumed  i  i  be  c  munition  of  silicon   in  the 
d  liberated  from  the  hematite.      [I  was  proved  by  repeated  ans 

that  whilst  the  silicon  WDC    I  Dt  in  the  white  cast  iron,  it  il  nalne,  .1 

by  this  simple  process  to0'200or  0*800  •   at.,  <r  from  1  per  cent. 

to   1      Oth.        A    cinder  ning  silicon,    i  ime   i 

1  sulphur.     The  carbon  ii  hardly  al  all  removed.     Thi 
i  f  the  iron    alter    the    process  is  thai    of   refined  metal, 
ifflcii  ol  upward  impuli  ■ 
ohemi  ;he  iron  is  nol  removed  from  it 

mechanically,  bul  i-  mixed  with  the  refined  metal;  and,  on  remolttngio 

^  paddling  ft] 

iit,  ns  the  iron  contained  in  the  bemal 

reduced,  and    ndh.  ■  I  I  bottom  of  .ho  inn    in  tin-    mould. 

tst  used:  and  the  n  fined  h  in  Into 

the  puddling  furoai  II    yield. in  puddling  Is,  that  of  refined  iron, 

.  to  the  ton  of  puddling  ban.     The  poddlen  111 

Ol    "bile    with  the    I  icy  *'V    it   I 

-•bowing  that  when  the  silicon  remaining  is  onlj  <>. 
per  cent.,  the  charge  docs  not  posrc  In  dlfcy.     The  paddling 
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furnace  keeps  longer  in  repair,  no  other  fettling  is  used,  and  hammer  slag 
and  the  former  allowance  of  shearings  to  make  scrap  halls  has  been  dis- 
continued. The  men  do  more  regular  work,  and,  like  the  refined  iron,  while 
the  yields  are  larger.  The  puddled  iron  is  of  an  improved  quality,  and  much 
liked  in  the  rail  mills.  The  second  process  was  the  same  as  the  first,  only 
that  he  mixed  two-fifths  by  weight  and  half  by  hulk  of  nitrate  of  soda 
with  the  hematite  ore,  which  is  formed  into  a  paste,  and  applied  in  the 
same  way.  "With  this  mixture  the  ebullition  is  greater;  the  flame  is  of  a 
yellowish  colour,  showing  the  ignition  of  some  of  the  soda.  The  cinder  is 
thrown  up  and  out  of  the  iron,  over  which  it  forms  a  crust,  which  can  be 
separated  when  cold.  The  iron  has  a  cellular  and  honey-combed  fracture 
like  metal  much  over-blown.  The  scoriae  contains  sulphur,  phosphorus, 
silica,  and  soda.  The  iron  works  drier  and  cleaner,  and  to  a  better  yield 
than  that  made  by  process  number  one,  but  should  have  about  one-third 
of  grey  pig  added  to  make  a  very  clean  aud  rough  iron.  The  only  cost  of 
the  process  is  the  nitrate,  which  in  the  proportion  named  comes  to  about 
4s.  a  ton  at  its  present  high  price.  The  saving  by  the  process  was  very 
considerable,  and  it  was  not  confined  to  white  iron,  though  it  was  then 
most  efficacious.  In  conclusion,  he  expressed  the  pleasure  he  felt  in 
visiting  that  neighbourhood,  and  paid  a  high  compliment  to  the  ironmasters 
of  the  district  for  the  skill  and  enterprise  with  which  they  had  developed 
the  resources. 


BBITISH  ASSOCIATION. 

THE  RESISTANCE  OP  VESSELS. 

{Continued  from  page  233). 

Peopuesion. 

We  do  not  consider  it  advisable  in  the  present  report  to  enter  into  the  question 
of  propellers,  except  so  far  as  may  be  necessary  to  the  choice  of  experiments. 

All  propellers  except  sails,  tow  ropes,  and  punt  poles,  do  their  work  by  the 
reaction  arising  from  their  driving  a  stream  of  water  in  the  opposite  direction 
to  the  ship's  motion,  or  to  their  stopping  or  reversing  streams  already  flowing 
in  that  direction.  This  is  the  case  with  oars,  paddle  wheels,  screws,  and  water 
jets  alike.  But  while  they  have  one  principal  action  in  common,  they  are  only 
different  in  their  detailed  effect  upon  the  currents  and  waves  which  accompany 
the  ship,  and  in  the  way  in  which  these  currents  and  waves  re-act  upon  them. 
Thus,  the  oars  of  a  row  boat  send  two  streams  aft,  at  such  a  distance  from  the 
sides  of  the  boat  as  to  interfere  very  little  with,  and  to  be  very  little  interfered 
with  by,  the  waves  and  eddies  due  to  the  boat's  motion.  In  the  screw  propeller, 
on  the  other  hand,  a  large  proportion  of  the  wake  current  is  either  stopped  or 
reversed  by  the  action  of  the  screw,  which  also  interferes  with,  and  is  itself 
re-acted  upon  by,  the  wave  of  replacement  These  interferences  are  so  large  in 
amount  as  not  unfrequently  to  mask  the  whole  of  the  slip,  from  the  re-action  of 
which  the  propulsion  is  obtained,  giving  rise  to  the  phenomenon  of  apparent 
negative  slip.  For  a  theoretical  account  of  what  is  supposed  to  take  place  under 
these  circumstances,  we  refer  to  the  following  papers  in  the  "  Transactions  of 
the  Institution  of  Naval  Architects,"  and  the  discussions  which  took  place  upon 
them  : — Rankine,  "On  the  Mechanical  Principles  of  the  action  of  Propellers  ;  " 
Froud'e,  Note  on  the  above  paper,  vol.  vi.  for  1865,  p,  13,  et  seq. ;  Reed,  "  On 
cases  of  Apparent  Negative  Slip,"  vol.  vii.  for  1866,  p.  114,  et  seq. ;  Rankine, 
"  On  Apparent  Negative  Slip ; "  Froude— On  the  same ;  Rigg,  "  On  the  relations 
of  the  Screw  to  its  Reverse  Currents,"  vol.  viii.  for  1867,  p,  68,  et  seq. ;  Rigg, 
"  On  the  Reverse  Currents  and  Slip  of  Screw  Propellers,"  vol.  ix.,  for  1868,  p. 
184.  See  also  Bourne  "  On  the  Screw  Propeller,'"  second  edition,  chapter  iii., 
and  Rankine,  "  Shipbuilding :  Theoretical  and  Practical,"  pp.  88,  89,  and  pp. 
247,259. 

We  consider  it  to  be  beyond  doubt  that  the  theoretical  investigations  of  this 
part  of  the  subject  have  been  extended  in  advance  of  the  point  at  which  fresh 
experimental  foundations  ought  to  be  laid  for  them. 

FOKHEE   EXPERIMENTS   OE    RESISTANCE. 

The  first  important  experiments  were  those  made  by  Bossut,  Condorcet,  and 
D'Alembert,  by  direction  of  Turgot.  The  results  were  published  as  a  separate 
work  in  1777,  and  a  very  full  abstract  of  them  is  given  by  Bossut  in  his  "  Hydro- 
dynamique."  The  chief  results  are  summarised  by  Bossut  as  follows : — That 
the  resistance  of  the  same  body  at  different  speeds,  whatever  be  its  shape,  varies 
very  nearly  as  the  square  of  the  speed.  That  the  direct  head  resistance  of  a 
plane  surface  is  sensibly  proportional,  at  the  same  speed,  to  the  area  of  the 
surface.  That  the  measure  of  the  direct  resistance  of  a  plane  surface  is  the 
weight  of  a  fluid  column  which  has  that  surface  for  its  base,  and  whose  height 
is  that  due  to  the  velocity.  That  the  resistance  to  oblique  motion,  other  things 
being  alike,  does  not  diminish  by  a  law  at  all  approaching  that  of  the  squares 
of  the  sines  of  angles  of  incidence,  so  that  for  sharp  entrances,  at  least,  the 
former  theory  must  be  completely  abandoned. 

Mr.  Scott  Russell  has  remarked  that  between  certain  limits  the  observed 
resistances  of  wedge  bows  could  be  represented  with  a  close  degree  of  approxi- 
mation by  a  formula  of  the  form, 


R 


\  2  iv  -  6  / 


where  K  is  a  constaut,  it  stands  for  180°,  and  e  is  the  angle  of  the  wedge,  which 
is  supposed  to  be  of  not  less  than  12°,  and  not  more  than  144°.    See  his  "  Naval 


Architecture,"  page  168,  and  "Transactions  of  the  Institution  of  Civil  Engi- 
neers," vol.  xxiii,,  page  346. 

The  next  experiments  of  importance  are  those  of  Chapman,  published  in  his 
"  Architecture  Navalis  Mercatoria."  The  result  of  those  has  already  been  men- 
tioned. He  performed  some  fresh  experiments  at  Carlscrona,  in  1795,  which 
seemed  to  lead  to  somewhat  different  conclusions.  See  "Inman's  translation 
of  Chapman,"  page  41  and  page  257- 

We  theu  come  to  Beaufoy's  experiments  in  the  Greenland  Dock  from  1794- 
1798.  This  enormous  series  of  experiments  can  only  be  regarded  as  establishing 
very  few  facts,  among  which  we  may  mention, — That  the  resistance  to  oblique 
surfaces  does  not  vary  as  the  sine  squared  of  the  angle  of  incidence.  That  for 
unfair  bodies,  such  as  he  experimented  upon,  the  resistance  increases  faster  than 
the  square  of  the  velocity.  That  increase  of  length,  within  certain  limits,  has 
a  tendency  to  decrease  resistance.  That  friction  of  the  wetted  surface  enters 
largely  into  the  resistance.  That  friction  of  the  wetted  surface  appeared  to 
increase  in  a  ratio  somewhat  less  than  that  of  the  velocity  squared — between 
ifl-'l  and  v1'8.  He  also  arrived  at  the  conclusion  that  bodies  immersed  to  a  depth 
of  6ft.  experience  less  resistance  than  at  the  surface,  but  in  the  case  of  an  iron 
plane  towed  flatwise,  he  found  that  the  resistance  increased  with  the  depression. 
The  whole  of  these  experiments  lose  much  of  their  value  from  having  been  tried 
on  small  models,  and  on  bodies  which  are  not  ship-shape. 

The  "  Philosophical  Transactions,"  for  1828,  contain  an  account  of  experiments 
performed  by  Mr.  James  Walker  in  the  East  India  Import  Dock.  A  bluff  bowed 
boat  was  towed  across  the  dock  by  a  rope  and  winch,  worked  by  labourers,  the 
rope  being  fast  to  a  spring  weighing  machine  on  board  the  boat.  The  boats 
tried  were  of  somewhat  bluff  form,  and  it  was  found  that  the  resistance  varied 
only  roughly  as  the  velocity  squared,  increasing  faster  than  that  at  high  speeds. 
The  drawings  of  the  boats  are  not  given  with  all  the  detail  that  could  be  desired, 
nor  is  the  condition  of  their  surface  minutely  described.  But  the  experiment 
was  in  the  right  direction,  being  upon  actual  boats  meant  for  use,  and  of  a  siie 
far  exceeding  the  models  of  previous  experimenters. 

i'ome  experiments  by  Mr.  Colthurst  both  on  the  forms  of  floating  bodies  as 
affecting  their  resistance  to  motion,  and  on  the  friction  of  wetted  surfaces,  are 
given  at  p.  339  of  vol.  xxiii.  of  the  Institution  of  Civil  Engineer's  "  Transac- 
tions." We  also  refer  to  the  report  of  the  committee  appointed  by  the  British 
Association  upon  the  comparative  resistance  of  bodies  wholly  and  partially 
immersed  (B.  A.  Reports,  vol.  for  1866,  p.  148).  That  committee  decided  to 
print  the  observed  facts  without  any  deductions.  It  is  not  necessary  to  the 
purposes  of  this  report  that  we  should  discuss  them.  We  have  already  alluded 
to  the  difficulty  which  they  indicate  as  being  felt,  with  respect  to  the  way  in 
which  the  water  of  replacement  flows  in  at  the  stern. 

We  will  next  refer  to  the  experiments  of  Captain  Bourgois,  which  were 
begun  at  Indret,  in  1844.  He  first  had  several  boats  from  22ft.  to  25ft.  long 
towed  by  the  Pelican  steamer,  then  under  his  orders,  and  later  a  small  merchant 
schooner  of  a  little  over  60ft.  long — and  afterwards  the  Fabert,  a  brig  98ft 
long.  These  vessels  were  simply  towed,  and  their  actual  resistances  measured 
with  a  traction  dynamometer.  Similar  experiments  have  also  been  tried  in 
France  with  the  screw  steamer  Sphinx,  109ft.  long ;  with  the  screw  despatch 
boat  Marceau,  131ft.  long  (with  its  screw  upon  deck),  and  with  the  74-gun  ship 
Duperre,  180ft.  long,  burlt  by  Sane.  Probably,  nothing  could  be  better  than 
the  experiments  thus  made,  and  it  is  from  these  that  M.  Bourgois  has  derived 
the  coefficients  of  the  formulas  which  he  has  given.  But,  unfortunately,  the 
particulars  of  the  ships  experimented  upon  are  not  given  in  great  detail,  nor  are 
their  drawings  published.  The  only  particulars  given  are  the  length  and  breadth 
on  the  water-line,  the  draught,  and  the  area  of  midship  section  immersed;  but 
without  wet  surface ;  or  eveu  displacement. 

M.  Bourgois's  memoir  has  no  date ;  but  it  is  evidently  later  than  1853,  since 
he  mentions  that  as  the  date  of  an  experiment.  It  also  contains  some  results  of 
trials  of  propellers  set  to  work  against  a  dynamometer  with  the  vessel  made  fast, 
and  some  trials  depending  upon  the  measurement  of  the  power  exerted  by  the 
engine.  But  we  do  not  propose  to  discuss  the  trials  on  steamship  performance. 
Not  only  is  this  the  work  of  another  commitiee,  but,  inasmuch  as  they  intro- 
duce the  uncertain  effects  of  the  engines  and  propeller,  they  fail  to  give  any 
accurate  account  of  the  resistance  of  the  water. 

In  the  earlier  history  of  the  subject,  it  was  supposed  that  models  would  most 
aptly  represent  ships  at  the  same  speed  both  for  the  ship  and  the  model.  The 
experiments  at  the  East  India  Import  Dock,  1827  or  1828,  seem  to  show  a  dis- 
satisfaction with  the  results  of  small  models,  and  some  time  later,  M.  Reech,  the 
Director  of  the  Ecole  d'Application  due  Genie  Maritime  in  France,  pointed  out 
that  models  of  different  sizes,  intended  for  comparison,  should  be  made  to  move 
at  velocities  varying  as  the  square  root3  of  their  lineal  dimensions.  In  this 
case  the  actual  resistance  would  vary  as  the  cube  of  the  lineal  dimension.  This 
would  follow  from  the  theory  of  the  resistance  of  submerged  bodies,  on  the 
supposition  that  the  resistance  varies  as  the  square  of  the  speed.  If,  again,  we 
consider  Mr.  Scott  Eu>sell's  theory  of  the  length  of  ships — that  their  extreme 
speed  should  not  exceed  that  of  an  oscillating  wave,  bearing  a  definite  ratio  of 
length  to  that  of  the  ship,  we  arrive  at  the  same  conclusion,  the  length  of  the 
wave  varying  as  the  velocity  squared. 

Peoposed  Experiments. 

The  experiments  upon  resistance  which  we  consider  most  important  to  be 
made  are  these  : — 

That  a  ship  of  considerable  size  aud  fine  form  should  be  carefuny  selected  ;  a 
screw  steamship,  with  a  screw  capable  of  being  lifted;  with  a  clear  deck,  offer- 
ing no  unnecessary  resistance  to  the  air ;  and  with  little  or  no  rigging.  That 
her  form  should  be  carefully  measured  in  dock  (her  lines  taken  off,  as  it  is  tech- 
nically called),  and  sight  marks  carefully  laid  down,  so  as  to  ascertain  whether 
she  deforms  in  any  way  when  afloat.  That  she  should  be  towed  at  various 
speeds,  from  the  slowest  that  can  be  rated  to  the  fastest  that  can  be  obtairred ; 
and  that  the  resistance  should  be  ascertained  by  a  traction  dynamometer,  self- 
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recording.  That  the  place  selected  for  the  experiments  should  be  a  deep  inland 
water,  free  from  groundswell,  and  such  that  the  speed  of  the  vessel  can  be 
observed  from  the  land  as  well  as  from  the  vessel.  The  water  also  should  be 
clear  enough  to  admit  of  being  seen  through  to  a  considerable  depth.  The 
place,  if  tidal  at  all,  should  be  free  from  cross  tides  or  irregular  currents.  These 
conditions,  it  is  believed,  may  be  found  both  in  Norway  and  on  the  west  coast 
of  Scotland.  Careful  observations  should  also  be  made  with  a  view  to  ascertain 
the  direction  and  velocity  of  the  local  currents  caused  by  the  ship's  motion. 
What  these  should  be  will  demand  caieful  consideration,  having  regard  both  to 
the  ship  and  to  the  place  selected,  and  to  the  personnel  of  the  observers. 

The  same  remarks  will  apply  to  the  precautions  necessary  to  prevent  inter- 
ference by  the  currents  thrown  back  by  the  towing  vessel  or  vessels,  aud  to 
eliminate  other  sources  of  error.  It  is  of  especial  importance  that  the  ship 
which  is  being  towed  should  be  kept  clear  of  the  wake  of  the  towing  ve«sel  or 
vessels.  It  might  be  necessary  for  this  purpose  to  have  two  tug-boats  with 
hawsers  meeting  at  an  angle  in  the  form  of  the  letter  Y.  It  is  desirable  that 
these  experiments  should  be  performed  with  at  least  two  vessels  considerably 
differing  both  in  size  and  in  proportions,  and,  for  each  of  them,  with  different 
conditions  as  regards  smoothness  of  surface. 

A  third  class  of  experiments  should  also  be  made  to  determine  the  rate  of 
retardation  of  a  vessel  which  has  been  made  to  attain  a  certain  velocity,  and  then 
(the  propelling  power  suddenly  ceasing  to  act  upon  her)  is  allowed  td  come 
gradually  to  rest  through  the  resistance  of  water. 

It  would  be  desirable  that  the  same  vessels  (and  as  nearly  as  possible  under 
similar  conditions  of  draught  and  trim),  should  be  made  use  of  for  trials  of  pro- 
pulsion, and  that  in  these  again  a  dynamometer  should  be  interposed  between 
the  engine  and  the  propeller,  aud  that  in  this  case  also  the  local  currents  and 
waves  due  to  the  joint  disturbance  of  ship  and  propeller  should  be  observed. 

We  consider  that  experiments  of  the  kinds  which  we  have  proposed  have  now 
become  necessary,  not  only  to  the  theory  of  resistance,  but  also  to  the  practical 
calculations  of  the  effect  of  steering  and  propelling  apparatus,  and  incidentally 
to  the  design  of  these,  and  to  the  apportionment  of  engine-power  and  driving 
speed.  Such  experiments  are  quite  beyond  the  means  of  anybody  but  the 
Government  of  a  naval  power  in  time  of  peace,  possessii.g  ships  which  must  be 
exercised  with  their  crews  and  staff  of  officers.  There  would  of  course  be  extra 
expense  attending  such  trials ;  but  this  expense  is  in  no  way  commensurate  to 
that  of  building  experimental  vessels,  or  arriving  tentative!}'  at  the  suitable 
forms  and  positions  for  propellers.  We  therefore  recommend,  that  the  Council 
of  the  British  Association  should  authorise  a  deputation  to  apply  to  the 
Admiralty  to  provide  for  such  a  set  of  experiments  in  the  course  of  the  summer 
of  1870 :  also  that  the  Council  should  appoint  a  committee  consisting  of  three 
members  of  the  Association,  to  confer  with  officers  of  the  Admiralty,  respecting 
the  detail  of  the  experiments,  aud  that  the  Admiralty  should  he  requested  to 
give  an  opportunity  to  the  members  of  that  committee  of  taking  a  share  in  the 
observations,  in  order  that  they  may  be  enabled  to  make  an  independent  report 
upon  the  nsults. 

Rolling  of  Snips. 

Stability  and  Free  Oscillation. 

The  statical  stability  of  a  ship  in  still  water  depends  upon  two  equations  and 
an  inequality.  Its  weight  must  equal  that  of  the  fluid  it  displaces,  or  it  will 
elf  by  changing  its  water-line.  This  involves  a  first  equation.  The 
centre  of  gravity  of  the  displaced  water  must  be  in  the  same  vertical  line  with 
the  centre  of  weights,  or  there  will  be  a  couple  which  will  produce  rotation  ;  after 
which  the  ship  will  take  up  a  fresh  position.  This  involves  a  second  equation. 
In  case  of  a  small  angular  displacement,  the  centre  of  gravity  of  the  displaced 
water  (or  centre  of  buoyancy),  must  move  out  faster  than  the  centre  of  weights  ; 
otherwise,  on  the  slightest  derangement,  there  will  be  an  upsetting  couple,  that 
is  to  say,  the  equilibrium  is  unstable.     This  involves  an  inequality. 

The  arm  of  the  couple  is  the  horizontal  distance  between  the  centres  of  weight 
and  buoyancy.  The  inomentof  the  couple  is  the  product  of  this  into  the  weight) 
or,  what  is  the  same  thing,  the  displacement  of  the  ship,  if  the  centre  of 
buoyancy  movet  out  faster  than  the  centre  of  weight  as  the  ship  heels,  there  is 
hting  couple;  if  not,  there  is  an  upsetting  couple,  which  tends  to  bring  the 
ship  to  some  new  position  of  equilibrium. 

If  we  consider  a  vessel    having  a  plane  of  symmetry,  like  that  in  which  the 

,  stern-post,  and  keel  of  ordinary  ships   lie,  and  rolling  transversely,  wo 

gain  much  in  geometrical  simplicity,  and  also  in  simplicity  of  language.     We 

I  t,>  deal  witli  the  mechanical  g,m  fcionj  by  means  "i  plane  geometry, 

and  we  arc  still  able  to  extend  them  when  necessary,  by  the  ordinary  rules  of 

tin-  composition  of  motion.    Vot  tins'  purpose  we  have  ''til-,    i ider  the 

...I  motion  o    parallel  to  the  ,  rmmetry  and  to  the  water  section. 

itatiatical  stability,  as  already  remarked,  is  m  the  weigh!  and 

buoyancy.    Bul  when  the  ■■  ooinndi  as  they  do  when 

is  equilibrium,  we  are  driven  to  somi  order  to  avoid 

nateness  at  the  limit.     For  this  purpose  we  avail  o!  tbepoinl 

at  which  the  vertical  line  through  of  buoyancy  itrikes  the  piano  of 

aetry,  or  middle  line  plane,  as  il  is  technical!}  called.   Thelimiti 

when  the  angular  d  indefinitely  small,  is  called 

itre.    Thi    mel  icentre  is  the  critical  poinl  below  ••■,  bich,  if  the  oentre 
of  weight  be  kept,  there  will  b  equilibrium. 

It  is  shown  in  books  on  b  that  if  a  t' 

inclination,  tho  two  water  sections  intersect  in  a  lini  fa  the 

centre  of  gravity  of  each,  and  also  that  the  line,  passing  through  two 
centres  or  buoyancy,  tends  to  parallelism  with   tl  tion.     It  follows 

that  the  stability  of  a  ship,  statically  considered,  may  be  measured  i, 
Statical  stability  of  a  solid,  whose  centre   of  gravity  coincides  with   that   of  the 
ship,  but  whose  surface,  instead  of  floating  in  water,  rets  on  a  horizontal  table. 
This  representative  surface  is  the  surface  formed  by  the  centres  of  buoyancy  of 


the  ship  at  different  inclinations.  The  metacentre  of  the  ship  is  then  the  centre 
of  greatest  or  of  least  curvature  of  this  representative  surface,  called  the  surface 
of  buoyancy,  according  to  whether  we  consider  transverse  rolling  or  longitudinal 
pitching. 

When  we  pass  from  statics  to  dynamics,  the  righting  or  upsetting  force 
simply  represents  an  acceleration.  Rut  if  the  ship  be  considered  as  concentrated 
at  its  centre  of  gravity  (in  disregard  of  the  actual  distribution  of  weights  in  re- 
spect of  inertia),  the  same  geometrical  considerations  hold,  and  the  space  through 
which  the  centre  of  gravity  rises  or  falls  as  the  surface  of  buoyancy  rolls  is 
called  the  measure  of  dynamical  stability.*  It  is  simply  proportional  to  the 
integral  of  the  statical  stability  taken  with  reference  to  the  angle  of  inclination. 
Its  product  into  the  displacement  gives  the  mechanical  work  required  to  heel 
the  ship,  considered  as  concentrated  at  its  centre  of  gravity,  to  a  given  angle. 
An  example  of  its  use  is  in  the  solution  of  the  problem  of  finding  how  much  t 
ship  would  lie  over  to  a  sudden  gust,  strong  enough,  if  it  came  on  gradually,  to 
heel  the  ship  to  a  given  angle.  The  rough  solution  is  that  she  would  lie  over 
to  double  the  angle  of  the  statical  stability,  and  this  remark  is  of  importance  in 
judging  of  the  safe  limits  of  a  ship's  stability.  This  solution,  it  is  to  be  ob- 
served, takes  no  account  of  the  moment  of  inertia  of  the  ship  about  its  centre  of 
gravity,  aud  very  little  account  of  external  form. 

Experiment  and  theory  both  go  to  prove  that  the  time  in  which  a  ship  per- 
forms a  complete  double  oscillation  varies  but  very  little,  whether  the  amplitude 
of  the  oscillation  be  small  or  large.  Hence  every  ship  has  its  equivalent  pen- 
dulum. If  k  be  the  radius  of  gyration  of  the  ship,  M  the  distance  between  the 
metacentre  and  the  centre  of  gravity,  the  length  of  the  equivalent  pendulum  is 

h- 


the  periodic  timet  is 


2—^- 


V 


and  the  greatest  angular  velocity  is 


.</  h 


jJL  sin  \  6, 


k 

where  d  is  the  amplitude,  or  departure  from  the  vertical  :  but  the  approxima- 
tion in  this  last  formula  is  much  less  than  in  that  for  the  time. 

Dupin  has  shown  that  the  free  rolling  of  a  ship,  regarded  without  reference 
to  the  disturbance  or  resistance  of  the  water,  is  analogous  to  the  free  rolling  and 
sliding  on  a  smooth  plane  of  the  surface,  which  is  the  envelope  of  its  planes  of 
flotation;  the  centre  of  gravity,  the  upward  pressure  of  the  fluid,  and  the  mo- 
ment of  inertia  being  supposed  to  be  unaltered.  But,  although  this  statement 
reads  simply  enough,  the  expression  for  the  time  and  the  period,  which  P 
from  it,  are  exceedingly  complex.  An  investigation  of  it,  subject  to  the  sole  re- 
striction that  the  transverse  section  of  the  surface  enveloping  the  planes  of  flota- 
tion shall  be  circular,  has  been  given  by  Canon  Moseley,  in  the  "  Philosophical 
Transactions"  for  1850,  p.  626,  and  is  reprinted  in  his  "Engineering  and  Archi- 
tecture." The  resulting  expressions  depends  upon  a  hyper-elliptio  integral.  _  Bui 
we  are  without  evidence  as  to  how  far  the  restriction  is  fulfilled  by  ordinary 
ships  ;  and  we  do  not  find  reason  for  supposing  that  the  variation  of  the  radius 
of  curvature,  which  is  thus  taken  as  constant,  has  ever  been  practically  investi- 
gated. There  is,  however,  no  difficulty  in  extending  the  formula  to  the  general 
case;  bub  it  does  not  appear  that  the  integration  can  be  effected  without  intro- 
ducing restrictions.  At  any  rate  the  v.dr.e  of  the  integral  has  nof  yet  been 
traced, except  for  small  oscillations,  when  it  reduces  to  tile  one  previously  given. 
There  is  a  reduction  in  some  particular  oases  J  and  notably  in  theoasool 


*  The  true  dynamical  stability  is  tho  actual  work  done  in  heeling,     Ittit  the  words  nre 
ordinarily  uscl  in  the  sense  stated  in  the  text, 

t  The   time  here  used  is  that  of  a  double  oscillation  j    i.e.,    the  time  which    sis 
between  the  bob  of  tho  pendulum  passim.-  "  Int  twice  in  the  samo  direction. 

Then  is  very  often  confusion  between  double  and  single  oscillations,  both  with  analyst  • 
ami  in  the  records  of  experiments. 

J  Let  k  bu  the  radius  of  gyration.'tho  height  of  the  \  metaeontro  above  the  controor 

of  buoyancy,  n  >  and  H<  tho  depth,  of  ihi atrei  ol  gravity  and  buoyancy,  all  taken  fbr 

the  upright  position.    Also  let  6  be  the  inclination,  and  (l,  the  extreme,  and  p  the  hrir/M 
of  the  centre  of  curvature  above  the  actual  plane  ol  Dotation.    Then  Canon  tioaeley'e 

formula  gives  for  the  periodic  time  of  tho  double  oscillation  :— 


/*~flt'ie      /  *-r(H,+p)»sin'f 

\/   <IJ  V     ]!!'-  ll-  +  iA(cosfl  +  cosO,)}     (cosfl-e 

It  will  be  observed  that  (H»+p    In  91   ai        rbatthehorlsontaldl 
centre  of  irravlty  of  the  -Inn.  oiid  tint  of  the  plane  of  BotaHon:  or.  In  othoi 

it  from  the  ce f  gravity  on  tho  normal  to  i  ■■    ' 

.  it  the  lamo  time,  simpler  and  •'  to  use  this  which  we  may  oau    . 

•  tho  curvature,    v.  ir  the  pcriodii 


' 


i«  +  cos  8,)}      {cos  »-■• 

,i,  «i  rlbed  round  tbs 

I  kind  ,  bill  II 

envelope      re, 111,  ,  |   to    l|   |.„||lt.        V 

expression  by  writing  ..in  0  -    0>  urn  •(• 
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Tho  time  at  nny  moment  !»  cot  bj  Integrating  from  —0,  to  any  value  of  0  Instead 
+  0'  —  .<'.W..M. 
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clironous  ships.  Professor  Rankine*  has  shown  that  the  condition  of  isoehro- 
nism  is  that  the  curve  of  huoyancy  should  be  the  second  involute  of  a  circle 
described  about  the  centre  of  gravity. 

It  does  not  appear  that  the  arithmetical  consequences  of  the  variation  of  the 
law  connecting  time  and  angular  velocity  in  unresisted  free  rolling  have  ever 
been  worked  out.  It  would  be  a  very  laborious  business,  and  we  shall  see  by- 
and  by  that  it  is  not  the  chief  problem. 

Reverting  to  the  approximate  formula;  for  small  oscillations, 


periodic  time  =  2  ■ 


TV  k 

^7~ 


greatest  angular  velocity  = 


2  V 


=2  t,  suppose; 


2ir 


sin  i  e  ; 


we  see  that  the  periodic  time  of  the  oscillation  varies  directly  as  the  radius  of 
gyration,  and  inversely  as  the  square  root  of  the  metacentre  height.  This 
teaches  us  how  to  regulate  the  periodic  time  of  a  ship,  either  in  settling  her  de- 
sign or  in  the  distribution  of  her  weights.  We  see,  for  instance,  that  a  vessel 
with  a  rising  floor  and  flaring  sides  tends  to  quick  rolling,  by  having  a  high 
metacentre;  that  a  cargo  of  railwa}'  bars  has  the  same  effect,  by  bringing  down 
the  centre  of  gravity ;  and  that  running  in  the  guns  and  sending  down  the  masts 
has  a  similar  tendency,  by  decreasing  the  radius  of  gyration.  The  expression 
for  the  greatest  angular  velocity  has  been  sometimes  interpreted  as  indicating 
that  quick  rollers  roll  through  large  angles.  The  fact  appears  to  be  experi- 
mentally true,  but  its  inference  from  this  formula  involves  reasoning  in  a  circle. 
The  formula  only  shows  that  for  the  same  amplitude  the  greatest  angular 
velocity  varies  inversely  as  the  time ;  but  this  tells  us  nothing  about  the  ampli- 
tude, while  the  formula  itself  is  obtained  on  the  supposition  that  the  amplitude 
is  small. 

The  position  of  the  ship's  centre  of  gravity  and  the  length  of  the  radius  of 
gyration  cannot,  practically,  be  obtained  by  calculation.  The  centre  of  gravity 
is  generally  found  by  shifting  some  known  weights  through  known  distances, 
and  observing  the  angular  motion.  The  displacement  and  metacentre  are  of 
course  known  by  calculation,  and  the  problem  is  then  the  same  as  if  the  ship 
were  suspended  from  her  metacentre.f  The  radius  of  gyration  is  found  by 
observing  the  time  of  a  small  oscillation  in  still  water,  and  then  eliminating  the 
effect  of  resistance.^ 

As  the  metacentre  depends  upon  the  moment  of  inertia  of  the  plane  of  flota- 
tion, it  is  different  for  pitching  to  what  it  is  for  rolling,  and  so  for  any  inter- 
mediate position. §  Practically,  the  metacentre  for  rolling  varies  from  0  to  20ft. 
(as  an  extreme  limit),  above  the  water  line,  while  that  for  pitching  is  from  70 
to  400  or  more  feet  high.  The  moment  of  inertia  of  the  ship  also  varies  greatly 
with  the  direction  of  the  axis  about  which  it  is  taken. 

Free  Rolling  in  a  Resisting  Medium. 

The  experiments  of  Messrs.  Fincham  and  Rawson,  undertaken  at  the  sug- 
gestion of  Canon  Moseley,||  led  to  the  conclusion  that,  for  vessels  of  semicircular 
section  in  which  the  disturbance  of  water  is  the  least  possible,  the  dynamical 
stability,  found  by  experiment,  differed  very  little  from  that  derived  from  the 
rise  and  fall  of  the  centre  of  gravity ;  but  in  the  case  of  a  model  of  triangular 
section,  the  stability  found  by  experiment  was  in  defect.  In  the  semicircular 
model  the  extreme  inclination  produced  by  the  sudden  application  of  the  force 
was,  with  a  fair  degree  of  approximation,  double  that  due  to  its  statical  effect. 
With  the  triangular  model  the  extreme  was  less  than  double  the  statical  incli- 
nation. This  is  nothing  more  than  might  be  expected  from  the  disturbance  of 
the  water  which  would  be  set  up  by  the  angular  model,  and  which  would,  of 
course,  take  up  part  of  the  work.  But  this  experimental  confirmation  of  theory 
is  highly  satisfactory;  and  however  we  may  now  look  hack  upon  the  matter,  it 
is  really  upon  these  experiments  that  the  confirmation  of  our  theories  rests. 

In  a  resisting  medium,  the  amplitude  of  the  oscillations  is  very  quickly 
effected,  but  the  periodic  time  undergoes  very  slight  change.  But  the  period  is 
altered  to  a  slight  extent.  On  this  subject  we  refer,  firstly,  to  the  account  given 
by  Poisson,  Stokes,  and  other  writers  on  mechanics,  concerning  the  oscillation  of 
a  pendulum  in  air ;  secondly,  to  Mr.  Proude's  experiments^]"  on  a  pendulum 


*  See  "  Transactions  of  the  Institution  of  Naval  Architects,"  vol.  v.,  for  1864,  p.  34. 
See  also,  Fronde,  "  On  Isoehronism  of  Oscillation  of  Ships,"  vol.  iv.,  for  1863,  p.  218. 

t  The  method,  with  an  account  of  some  experimental  determinations  on  several  of 
H.M.'s  ships,  will  be  found  in  the  "  Transactions  of  the  Institution  of  Naval  Architects,' 
vol.  i.,  p. ;  vol.  vi.,  p.  1;  vol.  vii.,  p.  205. 

{  As  to  this,  see  J.lr.  Rankine's  note  in  the  "  Transactions  of  the  Institution  £of  Naval 
Architects,"  vol.  v.,  pp.  31  and  32. 

§  See  Dupin,  "  Applications  de  Geometric."  He  shows  that  the  metacentric  heights 
for  rolling  and  pitching,  are,  in  fact,  only  the  two  principal  radii  of  curvature  of  the 
surface  of  centres  of  buoyancy,  and  hence  the  metacentres  for  intermediate  positions  may 
be  found  by  the  help  of  the  ellipse  of  curvature, 

||  See  '•  Philosophical  Transactions,"  for  1S50,  and  Moseley's  "Enprineerinsr  and  Archi- 
tecture," pp.  616,  617. 

f  "  Transactions  of  the  Institution  of  Naval  Architects."  vol.  iii.,  p.  31.  Mr.  Froude 
has  there  shown  that  when  a  pendulum  or  ship  performs  isochronous  oscillations  in  a 
medium,  the  resistance  of  which  varies  as  the  square  of  the  velocity,  tbe  amplitudes  of 
the  successive  oscillations,  as  reduced  by  resistance,  will  form  successive  ordinates  of  a 
curve,  which  approaches,  with  a  great  degree  of  exactness,  to  an  equilateral  hyperbola, 
referred  to  one  of  its  asymptotes ;  equal  periods  of  the  oscillations  being  represented  by 
successive  increments  of  the  abscissa.  The  experiments  with  a  pendulum  as  exhibited 
in  the  diagrams  (Plate  2  of  the  volume  referred  to),  accord  very  closely  with  the  law, 
which  may  be  thus  expressed.  If  q0  be  the  initial  amplitude,  and  0m  that  at  the  end  of 
the  mih  oscillation,  then  that  at  the  end  of  any  other,  say  «*i  will  be 
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oscillating  in  water;  and,  tliirdly,  to  Professor  Rankine's  Paper  on  Keel- 
resistance*  in  which  the  measure  of  diminution  is  given  on  a  certain  hypothesis. 

Bessel  and  Poisson  have  pointed  out  that  the  virtual  loss  of  weight  due  to- 
oscillation  in  a  resisting  medium  is  greater  than  that  due  to  the  mere  immer- 
sion.   Mr.  Moseley  makes  the  same  remark  with  reference  to  the  rolling  of  ships. 

Professor  Rankine  has  investigated  the  effect  of  the  steadying  action  of  a  keel 
on  the  rolling  in  smooth  water,  on  the  assumption  that  the  moment  of  the 
righting  couple  is  simply  proportional  to  the  inclination,  and  also  that  the 
moment  of  resistance  to  rolling,  caused  by  the  action  of  the  water  on  the  keel 
and  floor  is  proportional  to  the  angular  velocity.  He  findsf  that  the  periodic 
time  is  altered  from 
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to 


where  c  is  a  constant  depending  on  the  moment  of  the  resistance,  so  that 

moment  of  resistance  of  water 

c  = . . 

displacement  x  angular  velocity 

the  effect  of  the  resistance  thus  lengthening  the  periodic  time  in  the  same  pro- 
portion as  if  the  inertia  of  the  rolling  mass  were  increased  in  the  ratio  of  unity 

to  -  g  c3 

4/*  fc2 

and  periodic  rolling  in  smooth  water  becoming  impossible  when  g  c2  is  equal  to- 
or  greater  than  4  /j-  k2. 

Of  East  and  Uneasy  Ships. 

There  is  much  vagueness  in  the  use  of  these  terms.  They  are  generally 
applied  promiscuously  to  the  practical  hindrance  caused  by  motion  to  the  persons 
engaged  in  working  or  manoeuvring  the  ship ;  to  the  inconvenience  felt  by  pas- 
sengers ;  to  the  straining  of  a  ship's  structure,  or  the  tendency  to  shift  her 
cargo,  or  to  break  away  half-fastened  weights,  like  boats  or  guns. 

These  all  appear  to  depend  in  varying  proportions  on  the  following  data: — 
The  extent  or  amplitude  of  angular  motion;  the  rapidity  of  angular  motion; 
the  acceleration  of  linear  motion.  But  the  rapidity  of  linear  motion,  and  the 
angular  acceleration  (except  so  far  as  this  affects  bending  stress,  or  as  it  involves 
linear  acceleration  at  a  distance  from  the  instantaneous  axis)  do  not  appear  to- 
have  much  practical  influence. 

In  still  water  the  only  motion  which  is  sufficiently  great  to  cause  inconvenience 
is  that  of  rolling.  Rolling  sometimes  produces  as  secondary  phenomena  both 
pitching  and  dipping  ;  but  neither  of  these  are  sufficient  in  extent,  in  still  water 
to  produce  inconvenience.  The  rolling,  however,  may  be  considerable,  especially 
in  the  case  of  a  ship  going  unsteadily,  before  the  wind.  But  if  the  water  itself 
be  oscillating,  even  moderately,  or  if  there  be  a  gusty  wind,  then  a  synchronism 
between  any  two  of  the  five  movements — the  wind,  the  waves,  the  rolling,  the 
pitching,  or  the  dipping,^  or  even  (to  a  lesser  extent)  their  concord  at  regular 
intervals  may  cause  them  to  enhance  the  effects  one  of  another  to  such  an  extent 
as  to  become  inconvenient,  and  in  certain  cases  dangerous.  In  the  case  of  a 
thoroughly  uneasy  ship  in  the  most  unfavourable  circumstances,  the  axis  of 
angular  motion  may  take  all  conceivable  directions ;  but  although  any  particular 
point  may  describe  the  most  irregular  curves,  both  in  form  and  speed,  relatively 
to  the  vessel's  course,  yet  the  chief  source  of  practical  danger  in  open  water 
depends  upon  the  accumulation  of  motion  arising  from  s3rnchronism. 

It  appears  to  have  been  generally  observed  that  vessels  which  have  a  short 
period  of  rolling,  also  roll  through  large  angles.  In  this  way  the  uneasiness  of 
the  rolling  undergoes  a  double  increase  as  the  period  diminishes.  Further  and  a 
more  exact  experiment  is  required,  before  we  cari  say  how  far  it  is  connected  by 
synchronism  with  wave  motion,  or  whether  it  is  an  independent  phenomenon. 
Our  present  theories  do  not  show  it  to  be  a  necessary  consequence  of  rolling  in 
smooth  water. 

Wayes. 

We  do  not  consider  it  necessary  to  go  into  a  formal  discussion  of  this  sub- 
ject. As  regards  the  behaviour  of  ships,  it  is  quite  sufficient  to  assume  that 
the  profile  of  a  simple  wave  is  trochoidal,  and  that  the  particles  of  water  move 
in  circles  in  a  vertical  plane,  at  right  angles  to  the  ridges  and  valleys  of  the 
waves.  The  consequences  of  this  motion  are  briefly  as  follows,  on  the  assump- 
tion that  the  depth  of  water  is  unlimited.  The  diameter  of  the  circle,  in  which 
a  surface  particle  moves,  is  the  height  of  the  wave  from  hollow  to  crest.  Parti- 
cles, which  in  still  water  would  be  at  a  lower  level,  describe  smaller  circles  in 
the  same  period.  A  horizontal  plane  (in  the  still  water)  is  thus  converted  into 
a  wave-surface  of  the  same  period,  but  of  reduced  amplitude  of  oscillation. § 
The  velocity  of  the  particles  (and  on  this  depends  the  impact  of  a  wave)  is 
simply  the  circumference  of  one  of  these  circles  divided  by  the  periodic  time. 

If  we  consider  a  column  of  particles  which  is  vertical  in  still  water,  that 
column  oscillates  in  wave  water  like  corn-stalks  in  a  gust  of  wind,  and  it  also 
oscillates  vertically.  But  it  always  slopes  towards  the  crest  of  the  wave,  and 
the  obliquity  thus  induced  goes  to  enhance  that  due  to  the  wave-slope;  so  that, 

*  "  Transactions  of  the  Institution  of  Naval  Architects,"  vol.  v.,  pp.  20,31. 

t  "Transactions  of  the  Institution  of  Naval  Architects,"  vol.  v.,  pp.  30,  31. 

X  Dipping  is  the  name  given  to  the  vertical  oscillation  of  the  ship  as  a  whole  relatively 
to  the  surface  of  the  water. 

§  Drawings  of  the  structure  of  a  trochodial  wave  will  be  found  in  the  British  Associa- 
tion Reports  for  1844,  plate  56 ;  "Transactions  of  the  Institution  of  Naval  Architects," 
vol.  i.,  for  1860,  plate  7;  vol.  iii.,  for  1862,  plate  3;  vol.  iv.,  for  1663,  plate  10;  vol.  vi., 
for  1S65,  plate  10 ;  "Shipbuilding:  Theoretical  and  Practical  "  (Bankiue),  p.  69;  Scott 
Russell :  "  Naval  Architecture,"  plate  117. 
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if  we  regard  the  profile  of  a  wave,  a  small  portion  of  water,  rectangular  when 
still,  undergoes  a  double  deformation,  the  horizontal  surfaces  following  the 
wave-slope,  and  the  vertical  surfaces  being  deflected  towards  the  crest ;  both 
causes  tending  to  increase  the  angular  deformation,  instead  of  to  preserve  rect- 
angularity. 

The  crest  of  the  wave  being  sharper  than  the  hollow,  and  the  quantity  of 
water  invariable,  the  horizontal  plane  which  lies  half  way  between  valley  and 
crest  is  higher  than  the  mean,  or  still  water,  level ;  and  its  elevation  has  been 
shown  to  be  equal  to  the  height  due  to  the  velocity  of  revolution  of  the  par- 
ticles. 

Considered  as  trochoids,  the  wave  profiles  are  traced  by  a  point  within  a 
circle  rolling  under  a  horizontal  line.  The  line  midway  between  valley  and 
crest  is  the  line  of  centres.  The  particles  of  water  above  the  line  of  centres  are 
moving  forward,  as  regards  the  direction  of  advance  of  the  wave ;  those  below 
that  line  backwards.  The  particles  in  the  front  face  of  the  wave  are  rising,  and 
those  in  the  rear  face  falling. 

The  wave  whose  period  is  — th  of  a  second,  has  a  length  of 
n 

whence  we  find  the  number  of  waves  to  a  second  to  be 


The  velocity  of  wave  propagation,  that  is  to  say,  of  the  apparent  advance  of  the 
wave  in  a  deep  sea,  is 


11  K  =  \/    2^  HrV 


In  other  words,  the  speed  of  the  wave  crest  varies  as  the  periodic  time,  and  the 
length  of  the  wave  varies  as  their  product,  or  as  the  square  of  either. 
The  vertical  disturbance  of  a  particle,  whose  depth  in  still  water  would  be  h,  is 

2il- 


A*  =  h  €, 
h  being  the  height  of  the  surface  wave. 

Xo  wave  can  be  sharper  than  a  cycloidal  wave.  For  if  the  trochoid  were 
looped,  the  particles  in  the  loop  would  be  unsupported.  When  the  wave  form 
tends  to  pass  the  cycloid,  it  must  break. 

The  extreme  observed  height  of  ocean  waves  appears  to  he  about  40ft.,  and 
the  greatest  observed  length"  600ft. ;  these  would  have  a  periodic  time  of  11 
seconds  (roughly) ;  their  crest  would  advance  at  a  rate  of  33  knots  an  hour,  and 
the  velocity  of  the  surface  particles  would  be  about  ll'lft.  per  second.  In  short 
waves  of  the  same  height  the  particles  of  water  move  faster,  iD  the  inverse  ratio 
of  the  period  ;  but  the  mass  of  moving  water  at  the  crest  of  the  longer  wave  is 
the  greater  in  the  ratio  of 

A.  —  w  h  :  A.1  —  7T  h, 

where  \  and  A.1  are  the  lengths,  and  h  the  height.  If,  therefore,  the  above  men- 
tioned wave  were  shortened  to  200ft.  the  surface  particles  would  be  moving  at 
a  rate  nf  20ft.  a  second,  while  the  mass  of  water  in  the  crest  would  be  about 
one-sixth.  From  such  data  it  is  easy  to  infer  both  the  destructive  effect  of 
impact  from  the  top  of  a  wave,  and  the  relative  quantity  of  water  which  a  ship 
would  take  on  board  in  shipping  a  sea.  The  front  and  rear  of  a  trochoidal  wave 
arc  exactly  similar.  Observation,  as  well  as  theory,  shows  that  this  is  true  to 
an  extent  nol  commonly  believed  for  ordinary  waves.    The  exceptions  arc,  when 

..hid  is  sufficient  to  posh   the  tops  Of  the  waves  at   extra  speed,  and  when 
the  v.  rapidly.     But  even  here  the  relative  steepness  of  the  advancing 

most   observers.     Until  a  wave  is  about  to  break,  the 
actual  diffei  ope  remains  very  small. 

It  should  bo  borne  in  mind  that  circular  orbits  and  trochoidal  wave-surfaces 
an  only  approximations,  although  near  enough  to  the  truth  for  purposes  con- 
A  with  the  rolling  of  ships.    In  partioula  ti  s  both  from  theorj  and 

observation  that  Imost  always  some  progressive  motion  combined  with 

the  orbital  motion ;  and  also  that  waves  begin  to  break  long  before  their  crests 
ib  irp  as  thot  of  the  cu  pi  '•     cl  lid  ;  the  two  slopes  at  th 
ig  wavecuttin    i  ach  other  :it  righl  angles,  or  nearly  so.* 
The  ordinary  wave  ol  ai  usually  an  aggregate  of  waves  of  different 

id,  and  not  unfrequentlj   of  different  direction.    rfor  rough  purposes,  it  is 
ienttodraw  i  es  separately  and  add  their  corresponding 

urface.    This  oan  hardly  be  relied  upon  .  i 
tremi  ca  of  each  nol  accord 

.•my  om-  or  moi  eparately ;  but   it  is  b 

i  i  acli  separately,  it  the  othi  rs  were  not. 

i  i  nous  oi  a  Sin  !•  utota  W  • 
A'  "Sbipbuildit  tioal  and  Practical,"t  edited  by  Prof< 

s,  in  a  very  clear   and   ■  irfy  nil 

that  was  known  on  this  subject  np  to  I-  •-.    T  he  fol 

chic-fly  taken  from  that   work  :— 

It  i  ed  that  n  bat 

oscillation  with  that  of  a  simple  trochoidal  wave.     The  complete  probli 

*  K^'  '  ileal  Magazine,"  November,  .  t  Bee  pp,  7.',  77,  Of  that  work- 


ship's  behaviour,  depending  as  it  does  on  wind,  waves,  rolling,  pitching,  dipping 
yawing,  variable  head  resistance,  and  lateral  resistance,  and  direction  of  motion 
relatively  both  to  wind  and  waves,  is  far  too  complicated  even  for  statement,  in 
an  exact  mathematical  form.  If  a  ship  floating  passively  in  the  water  and 
without  any  progressive  motion  were  wholly  without  stability,  her  centre  of 
gravity,  centre  of  buoyancy,  and  metacentre  coinciding  in  one  point,  the  motion 
assumed  by  that  point  would  be  exactly  that  of  the  centre  of  gravity  of  the  mass 
of  water  displaced  by  the  ship;  that  is  to  say,  it  would  revolve  once  in  each 
wave-period  in  a  vertical  circle  of  the  same  diameter,  with  the  orbits  of  the  par- 
ticles of  water  situated  in  the  same  layer.  This  motion  of  the  ship  has  received 
the  name  of  passive  heaving,  the  term  being  understood  to  comprehend  the 
swaying  from  side  to  side,  as  well  as  the  rising  and  sinking,  of  which  the 
orbital  motion  is  compounded. 

Half  the  difference  between  the  extent  of  heaving  of  the  ship  and  the  height 
of  the  waves  is  the  extent  to  which,  during  the  passage  of  the  waves,  her  depth 
of  immersion  amidships  is  liable  to  be  alternately  increased  above  and  dimi- 
nished below  her  depth  of  immersion  in  smooth  water.  It  appears  that  deep 
immersion  and  large  horizontal  dimensions,  but  especially  deep  immersion, 
tend  to  diminish  the  extent  of  the  heaving  motion  of  the  ship  as  compared 
with  that  of  the  waves,  and  that  the  effect  of  those  causes  in  producing  this 
diminution  is  greatest  among  comparatively  short  waves. 

The  weight  of  the  ship  being  combined  with  the  centrifugal  force  due  to  her 
heaving  motion  gives  a  resultant  reaction  through  her  centre  of  gravity,  in- 
clined to  the  vertical  in  a  direction  which,  for  passive  heaving,  is  perpendicular 
to  the  wave-surface  traversing  the  ship's  centre  of  buoyancy  (a  surface  which 
may  be  called  the  effective  wave  surface),  and  that  direction  is  the  apparent 
direction  of  gravity  on  board  the  ship,  as  indicated  by  plumb-lines,  pendulums, 
suspended  barometers,  lamps,  spirit-levels,  and  the  positions  assumed  by  persons 
walking  or  standing  on  deck.  The  equal  and  opposite  resulting  pressure  of  the 
water,  acting  through  the  centre  of  buoyancy,  is  in  like  manner  compounded  of 
actions  due  to  weight  and  centrifugal  force ;  and  it  acts  in  a  line  normal  to 
the  effective  wave-surface,  that  is  to  say,  parallel  to  the  resultant  reaction  of 
the  ship.  Those  two  forces  balance  each  other,  not  when  the  ship's  upright 
axis  is  vertical,  but  when  it  is  normal  to  the  effective  wave-surface  ;  and  when 
she  deviates  from  that  position  they  form  a  righting  couple  tending  to  restore 
her  to  it.  Thus  the  stability  of  a  ship  among  waves,  instead  of  tending  to 
keep  her  steady,  as  in  smooth  water,  tends  to  keep  her  upright  to  the  effective 
wave-surface  ;  and  such  is  the  motion  of  any  vessel  or  other  floating  body 
having  great  stability  and  small  inertia,  such  as  a  light  raft.  This  may  be 
called  passive  rolling,  or  rolling  with  the  waves.  Passive  rolling  is  modified  by 
the  inertia  of  the  ship,  which  makes  her  tend  to  perform  oscillations  in  the 
same  periodic  time  as  in  still  water  by  the  impulse  and  resistance  of  the  par- 
ticles of  water  against  her  keel  and  the  sharp  parts  of  her  hull  which  tend, 
under  certain  circumstances,  to  make  her  roll  against  the  waves,  that  is,  in- 
clining towards  the  nearest  wave-crest,  and  by  other  circumstances. 

The  tendency  to  keep  upright  to  the  effective  wave-surface  may  be  distin- 
guished from  the  tendency  to  keep  truly  upright  by  calling  the  former  Btiffoesa 
and  the  latter  steadiness.  In  smooth  water  stiffness  and  steadiness  are  the  same 
thing;  amongst  waves  they  are  different,  and  to  a  certain  extent  opposed ;  that 
is  to  say,  the  means  used  for  obtaining  one  of  those  qualities  are  sometimes 
prejudicial  to  the  other.  Stiffness  is  favourable  to  the  dryness  of  the  ship  and 
to  the  power  of  carrying  sail ;  steadiness  is  favourable  to  her  strength  and  du- 
rability, and  the  safety  of  her  lading,  and  in  ships  of  war,  to  the  power  of  work- 
ing guns  in  rough  weather.  A  ship,  whose  course  is  cither  oblique  or  trans- 
verse to  the  wave  crests,  is  made  by  tho  waves  to  perform  a  series  of  longitudinal 
oscillations,  which  may  be  called  passive  pitching  and  scending. 

In  all  the  oscillatory  movements   which   a   ship    performs  among  waves,  two 
scries  of  oscillations  are  combined — those  in  which  the  ship  keeps  time  with  tho 
waves,  being  her  passive  or  forced  oscillations,  and  those  which   she  performs 
in  periods  depending  on   her  own   mass  and   figure,  as  in  smooth  water,   bl 
what  may  be  called  her  free  oscillations.     The  tendency    and   ultimate  eff( 

the  resistance  of  tho  water  is  to  destroy  the  free  oscillations  after  a  certain  time, 

so  that  the  forced  oscillations   alone  are  permanent. 

Passive  heaving,  or  the  motion  of  a  ship  when  each  of  her  particles  per: 
an  orbital  motion  similar  and  equal  to  that  of  a  certain  particle  oi   the  water  in 
which  she  floats,  takes  place  when  the  ship  lloat-  amongst  waves  without  having 
progressive   motion.     The  progression  of  the  ship  when  under  way   alters  the 
action   of  the   waves  upon    In  r   in    \  nrioUS  WBJ  s,  which  depend  mainly   upon   tin; 

apparent  period  ol  the  waves  relatively  to  the  ship — that  is,  the  interval  of  time 
between  the  arrival  of  two  successive  crests  at  the  ship,  and  upon  the  appa- 
rent slope  of  the  effective  wave  surface  in  a  direction  athwart  the  ship,  the 
latter  circumstance  being  connected  mainly  with  toned  rolling  oscillations. 

When  the  apparent  periodic  timed  the  wavos  is  modified  by  the  pi 

i  oi  thi  hip,  the  time  during  which  the  forces  act,  which  pioduot  tho 
heaving  motion  oi  the  ship,  is  altered  in  the  ratio  of  the  apparent  period  to 
the  true    |  I  the  extent  ol    the  heaving  motion  is  also  altered  in  u 

proportion  which,  for  moderate  deviation!  ol  the  apparent  from  tho  trni 
vane,  nearly  as  the  square  of  thai  ratio.    This  law,  however,  does  nol 

to  hold  for  a  vory  great  inoi  parent  period,  tho  extent  of  In    i 

being  loss  than  the  ratio  first  i tioned.    Heuot motion  ot  a  ship 

i    noon  b  than  that  oi  the  effective  wave  surface,  when  tbc    ngle  i 

by  bet  course  with  the  direction  ol  the  advance  ol  the  wa 
extensive  when  I 

llntion  nlxc.,- 
upright  axis  it,  when  produced  by  tho  wave  ,  the  erfbcl  ol  the  lateral  swa 

.  component  ol   tho  heaving  tion.  taking  ; 

with  different  velocities  or  in  opposite  directions  al  tht  ; 

when  her  coarse  lies  diagonally 
with  i  ol  advance  of  tl 

For  rcasoni  alreadj  >.  light  and   till  ihipt  I  hie  a  raft 
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rolling  with  the  waves,  and  assuming  at  every  instant  the  same  slope  with 
the  effective  wave  surface.  Let  a  hoard  having  very  little  inertia  and  no 
stability  be  placed  so  as  to  float  upright  in  smooth  water ;  then  when  the 
water  is  agitated  by  waves  that  board  will  accompany  the  motions  of  the 
originally  upright  columns  of  water — that  is  to  say,  it  will  roll  against  the 
waves,  inclining  at  eveiy  instant  in  a  direction  contrary  to  the  slope  of  the 
effective  wave  surface. 

It  has  been  shown  by  Mr.  Scott  Russell,*  that  the  condition  of  the  broad 
and  rounded  parts  of  a  ship,  and  of  her  hull  between  wind  and  water,  is  analo- 
gous to  that  of  a  raft ;  while  the  condition  of  the  keel,  the  sharp  part  of  the 
floor,  and  the  grip  and  dead  wood  (or  fine  parts  of  the  ends)  is  analogous  to 
that  of  the  board,  floating  edgwise,  so  that  the  ship  is  under  the  action  of  two 
conflicting  sets  of  forces — gravity,  centrifugal  force,  aud  pressure  (constituting 
what  may  be  called  stiffness),  tending  to  make  her  roll  with  the  waves,  like  the 
raft — and.  the  action  of  the  water  on  the  keel  and  sharp  parts  of  the  hull,  which 
may  be  called  keel  resistance,  tending  to  make  her  roll  against  the  waves,  like 
the  board,  and  hence  that  she  will  take  some  kind  of  intermediate  motion. 

It  has  been  pointed  out,  however,  by  Mr.  Froude  and  Professor  Rankinef  that 
there  is  an  essential  distinction  between  the  two  sets  of  forces  before  mentioned 
in  consequence  of  which,  though  conflicting,  they  are  not  directly  opposed  ; 
namely,  that  the  stiffness  is  an  active  force,  which  tends  not  only  to  prevent  the 
ship  from  deviating  from  a  position  upright  to  the  effective  wave  surface,  but 
to  restore  her  to  that  position  after  she  has  left  it,  with  a  force  increasing  with 
the  deviation ;  while  the  keel-resistance  is  merely  a  passive  force,  opposing  the 
deviation  of  the  ship  from  the  position  of  the  originally  vertical  columns  of 
water,  with  a  force  depending,  not  on  that  deviation,  but  on  the  velocity  of 
the  relative  motion  of  the  ship  and  the  particles  of  water,  and  not  tending  to 
restore  the  ship  to  any  definite  position.  Hence  those  two  kinds  of  force  caunot 
directly  counteract,  but  only  modify  one  another. 

For  the  mathematical  investigation  of  the  action  of  those  forces,  reference 
must  be  made  to  the  original  papers  in  the  transactions  of  the  institution  of 
Naval  Architects.    The  following  are  the  general  conclusions : 

The  permanent  rolling  of  a  ship  of  very  great  stability,  aud  without  any  sen- 
sible keel-resistance,  is  governed  by  the  motion  of  the  effective  wave-surface,  so 
that  she  rolls  with  the  waves  like  a  raft.  When  the  period  of  unresisted  rolling 
of  the  vessel  is  to  the  wave  period  as  V  2  ;  1,  the  permanent  rolling  is  wholly 
governed  by  the  motion  of  the  originally  vertical  columns  of  water,  so  that  she 
rolls  against  the  waves,  like  a  board  of  no  stability  floating  edgewise.  In  both 
of  the  preceding  cases  the  vessel  is  upright  when  the  trough  or  crest  of  a  wave 
passes  her,  and  her  angle  of  heel  is  equal  to  the  steepest  slope  of  the  effective 
■wave-surface.  When  the  period  of  unresisted  rolling  of  the  vessel  is  less  than 
the  above  value,  her  upright  posititions  occur  before  the  arrival  of  the  troughs 
and  erests  of  the  waves,  and  her  angle  of  heel  is  greater  than  the  steepest  slope 
of  the  effective  wave-surface.  The  greatest  angle  of  heel  in  permanent  rolling 
occurs  when  the  period  of  unresisted  rolling  of  the  ship  is  equal  to  that  of  the 
waves,  and  it  exceeds  the  slope  of  the  waves  in  a  proportion  which  is  the  greater 
the  less  the  keel  resistance,  and  becomes  infinite  when  the  keel  resistance  vanishes. 
Thus,  isochronism  with  the  waves  is  the  worst  quality  that  a  ship  can  have  as 
regards  steadiness  and  safety.  When  the  period  of  unresisted  rolling  of  the  vessel 
exceeds  that  of  the  waves  in  a  greater  ratio  than  that  of  V  2  :  1,  her  upright 
positions  occur  after  the  arrival  of  the  troughs  and  crests  of  the  waves,  and  her 
angle  of  heel  is  less  than  the  steepest  slope  of  the  waves. 

The  forced  or  passive  oscillations  of  ships  are  those  which  produce  the  most 
severe  strains,  because  of  their  continual  recurrence  ;  the  free  oscillations  being 
gradually  extinguished  by  the  resistance  of  the  water.  It  appears,  however,  that 
the  periodic  time  of  the  free  oscillations  has  an  important  influence  on  the 
extent  of  the  forced  oscillations,  especially  in  rolling ;  the  most  unfavourable  pro- 
portions for  the  periodic  time  of  free  rolling  to  that  of  passive  rolling  being  those 
which  lie  near  equality,  and  between  equality  and  V  2 :  1.  For  the  equality 
of  these  periods  tends  to  produce  an  excess  of  rolling  to  which  it  would  be 
difficult  to  fix  a  limit  ;  and  the  ratio  of  V  2  : 1,  and  those  near  it,  make  the  ship 
roll  against  the  waves,  thus  throwing  her  into  positions  in  which  there  is  a  risk 
of  the  wave-crests  breaking  into  her. 

A  period  of  free  rolling  much  less  than  that  of  passive  rolling  gives  great 
•stiffness,  and  makes  the  ship  accompany  the  motions  of  the  effective  wave-sur- 
face. A  period  of  free  rolling  exceeding  V  2  times  that  of  passive  rolling  is 
favourable  to  steadiness,  provided  that  this  lengthened  period  be  produced  by 
the  inertia  of  the  ship,  and  not  by  insufficient  statical  stability.  The  action  of 
the  water  on  a  deep  keel,  on  a  sharp  floor,  or  on  fine  ends  below  water,  tends 
to  moderate  the  extent  of  rolling  produced  by  coincidence,  whether  exact  or 
approximate,  of  the  periods  of  free  and  passive  rolling  ;  but  at  the  same  time  it 
it  lessens  the  effect  of  a  long  period  of  free  rolling  in  producing  the  same  result. 
..A  deep  draught  of  water  is  favourable,  on  the  whole,  to  steadiness,  but  not  to 
■-■stiffness.  Should  the  centre  of  gravity  rise  and  fall  relatively  to  the  water  in 
Trolling,  and  the  periodic  time  of  the  dipping  motion  so  generated  happen  to  he 
either  exactly  or  nearly  one  half  of  that  of  the  passive  rolling,  the  result  will 
be  uneasy  motion.  The  steady  pressure  of  the  wind  on  the  sails  promotes  steadi- 
ness, at  a  certain  angle  of  heel,  depending  on  the  moment  of  that  pressure;  the 
sudden  gusts  of  the  wind  produce  lurching. 

As  to  pitching,  scending,  aud  yawing,  it  is  chiefly  important  that,  for  the 
sake  of  dryness  and  safety,  those  oscillations  should  be  performed  in  a  lively 
manner  among  waves;  and  that  object  is  best  promoted  by  keeping  the  longitu- 
dinal radius  of  gyration  short,  as  compared  with  the  length  of  the  ship  :  that 
is,  by  taking  care  not  to  place  heavy  weights  in  her  ends. 

The  true  principles  of  a  ship's  rolling  among  waves  and  their  leading  conse- 
quences were  first  set  forth  by  Mr.  Froude,  in  a  series  of  papers  in  the  transac- 
tions of  the  Institution  of  Naval  Architects,  in  1861,  '62,  and  '63.    Mr.  Froude 

*  Transactions  of  the  Institution  of  Naval  Architects,  for  1863. 
f  Transactions  of  the  Institution  of  Naval  Architects,  for  1863-4. 


appears  to  have  been  the  first  to  state  the  proposition  that  the  tendency  ot  the 
ship  to  roll  among  waves  is  primarily  due  to  her  tendency  to  keep  upright  to 
the  effective  wave-surface,  and  that  the  force  which  induces  this  tendency  is,  very 
approximately,  the  same  as  her  stiffness,  or  resistance,  to  heeling  in  still  water. 
The  disposition  of  a  ship  to  follow  the  average  motion  of  the  portion  of  the 
wave  which  she  displaces  is,  however,  controlled  (as  has  been  pointed  out  by  Mr. 
Crossland)  by  the  circumstances  that  the  wave  water  is  continually  undergoing 
a  deformation  of  which  the  ship's  hull  is  not  susceptible.  Mr.  Froude  has  also 
shown*  that  if  two  plates  be  hinged  together,  so  that,  when  iu  still  water,  they 
would  float  at  an  inclination  of  45°  to  the  vertical,  and  if  the  hinge  be  parallel 
to  the  wave-crest,  the  effect  of  the  wave-motion  is  simply  to  open  or  close  the 
angle  between  them,  and  not  to  alter  (sensibly)  the  horizontal  and  vertical  lines 
which  bisect  the  angle  externally  and  internally. 

As  there  is  nothing  to  show  that  the  rigidity  of  the  angle  between  the  plates 
would  tend  to  make  any  marked  alteration  in  the  invariability  of  direction  of  the 
bisectors,  the  theoretical  establishment  of  this  fact  is  of  great  importance.  Its 
meaning  is  that  the  effect  of  bilge-keels  is  to  increase  the  time,  and  in  a.  greater 
degree  still,  to  diminish  the  amplitude  of  the  oscillation,  and  that  the  use  of 
bilge-keels  is  the  direct  mode  of  effecting  this  object. 

That  the  problem  of  safe  rolling  is  not  quite  the  same  with  that  of  easy  roll- 
ing. A  roll  towards  the  wave  crest  is  well  known  as  one  of  the  most  dangerous 
things  that  can  happen  to  a  ship  in  a  high-crested  sea-way,  for  the  whole  crest 
of  the  wave  may  then  break  in-board.  Even  when  the  ship  follows  the  oscilla- 
tions of  the  vertical  lines,  the  wave-particles  come  flat  on  the  ship's  bulwarks 
and  side.  If  she  floats  quite  vertically  she  is  still  in  the  position  of  a  cliff  re- 
sisting a  wave  of  the  same  period  whose  height  is  the  difference  of  heights  of  the 
surface-wave  and  of  the  mean  effective  wave  acting  upon  her.  As  regards  the 
impact  of  a  wave,  the  most  violent  blow  that  a  wave  can  give  is  against  a  sur- 
face parallel  to  the  inflexional  tangent  and  to  the  wave-crest,  and  at  a  level  with 
the  line  of  inflexion.  The  motion  of  the  particles  is  then  normal  to  the  wave- 
surface.     This  remark,  of  course,  does  not  apply  to  shore  waves. 

Throughout  the  discussion  of  the  ship's  oscillation  among  waves,  it  has  been 
tacitly  assumed  that  the  wave-period  itself  might  be  regarded  as  constant.  This 
is  very  far  from  either  representing  the  facts,  or  the  practical  problem  of  the 
shipbuilder.  The  wave  which  a  vessel  has  to  encounter  may  be  anything,  from 
the  11  second  wave,  600ft.  long,  to  a  mere  ripple.  Practically,  a  vessel  will  not 
roll  io  waves  whose  length  is  much  less  than  her  breadth,  nor  will  she  pitch 
much  among  short  waves.  But,  dismissing  these  from  consideration,  it  may  still 
be  impossible  to  avoid  some  contingency  in  which  a  ship's  period  of  free  rolling 
may  be  equal  to  the  wave  period.  Obviously,  the  remedy  in  this  case  is  for  her 
commander  not  to  keep  her  broadside-on.  As  a  rule,  no  commander  ever  would 
do  so  in  a  dangerous  sea-way ;  and  even  where  comfort  only  is  concerned,  it  is 
usually  open  to  him  either  to  shorten  the  effective — that  is  to  say,  the  apparent 
wave-period — by  putting  her  head  a  little  to  the  swell,  or  to  lengthen  the  apparent 
wave  period  by  putting  her  head  a  little  off.  He  must  do  one  of 
these  things  if  he  meets  with  actual  and  exact  synchronism  in  anything  like 
heavy  weather. 

As  a  practical  matter,  Professor  Rankine  remarks  :  "  It  would  appear  that  a 
very  close  approximation  to  the  form  and  proportions  which  are  most  favourable 
to  steadiness  has,  in  some  cases,  been  realised  by  practical  trials  alone ;  and  that 
independently  of  the  steadying  action  of  sails ;  for  there  are  vessels  which, 
when  under  steam  alone,  in  any  moderate  swell,  keep  their  decks  very  nearly 
parallel  to  the  horizon.  It  is  of  great  importance  that  the  lines  and  dimensions, 
and  distribution  of  the  weights  of  ships,  which  have  been  found  by  experience 
to  possess  this  excellent  quality,  should  be  carefully  recorded  for  the  information 
of  naval  architects. 

"On  the  other  hand,  there  are  vessels  (especially  screw  steamers)  whose 
ordinary  extent  of  rolling  each  way  is  from  three  to  four  times  the  slope  of 
the  waves." 

On  the  subject  of  waves,  we  refer  to  the  following  papers  and  treatises : — 
Weber  —  "  Wellenlehre."  Airy — "On  Tides  and  Waves."  Encycl.  Metro- 
politana  (reprinted  in  a  separate  form).  Scott  Russell — "  Report  to  British 
Association,"  for  1844'.  Also,  "  Modern  Naval  Architecture."  Stokes — Cam- 
bridge Transactions,  1842  aud  1850.  Earnshaw — Cambridge  Transactions,  1845. 
Froude — Transactions  of  the  Institution  of  Naval  Architects,  1862,  and  (inciden- 
tally) in  his  papers  "  On  Rolling."  Also,  "  Remarks  on  the  Differential  Wave 
in  a  Stratified  Fluid,"  Transactions  of  the  Institution  of  Naval  Architects, 
vol.  iv.,  for  1863,  p.  216.  Raukine — Philosophical  Transactions  for  1863; 
"  Philosophical  Magazine,"  November,  1864  ;  Proceedings  of  the  Royal  Society, 
1868  ;  Also,  Shipbuilding :  Theoretical  and  Practical.  Cialdi — "  Sul  Motto 
ondoso  del  Mare."  Calighy — Papers  in  "  Lionville's  Journal,"  1866.  D.  Steven- 
son— "  On  Harbours."  With  regard  to  the  rolling  of  ships  in  wave-water,  we 
believe  that  almost  the  only  exact  investigations  are  to  be  found  in  the  Transac- 
tions of  the  Institution  of  Naval  Architects,  some  of  which  have  been  reproduced 
in  Shipbuilding :  Theoretical  and  Practical.  They  are  as  follows  :  Froude — "On  the 
Rolling  of  Ships,"  vol.  ii.,  for  1864,  p.  180,  with  Appendices,  pp.  44  and  48.  Woolley 
—"On  the  Rolling  of  Ships,"  vol.  iii.,  for  1864,  p.  1.  Crossland— "  On  Mr. 
Froude's  Theory  of  Rolling,"  vol.  iii.,  p.  7.  Rankine — On  the  same,  vol.  iii.,  p. 
22.  "On  the  Comparative  Straining  Action  of  Different  Kinds  of  Vertical 
Oscillation  upon  a  Ship,"  vol.  iv.,  for  1863,  p.  203.  Scott  Russell— Rejoinder, 
vol.  iv.,  p.  276.  Woolley — Memorandum  on  same  subject,  vol.  iv.,  p.  284. 
Rankine—"  On  the  Action  of  Waves  upon  a  Ship's  Keel,"  vol.  v.,  for  1864,  p. 
20.  "  On  the  Uneasy  Rolling  of  Ships,"  vol.  v.  p.  38.  Lamport—"  On  the  Pro- 
blem of  a  Ship's  Form,"  vol.  vi.,  for  1865,  p.  101.  Froude—"  On  the  practical 
Limits  of  the  Rolling  of  a  Ship  in  a  Sea-wajV'  vol.  vi.,  p.  175.  Reed — "  On  the 
Stability  of  Monitors  under  Canvas,"  vol.  ix.,  for  1868,  p.  198.     An  abstract  of 


*  Transactions  of  the  Institution  of  Naval  Architects,  vol.  vi.,  for  1865,  p.  181. 
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tbe  leading  principles  will  be  found  as  already  stated  in  Shipbuilding :  Theore- 
tical and  Practical,  edited  by  Mr.  Rankine. 

Some  valuable  practical  observations  on  the  rolling  of  ships  in  waves  will  also 
be  found  in  a  pamphlet,  "  Du  Roulis,"  by  Captain  Mottez,  of  the  French  Imperial 
Navy. 

Measubejien't  or  Waves  at  Sea. 

This  is  a  thing  which  has  seldom  been  done  with  any  degree  of  accuracy. 
Not  only  is  the  vessel  moving,  but  the  apparent  direction  of  gravity  is  not  the 
true  one.  The  result  is,  that  the  difference  of  direction  between  the  tangents  to 
two  waves  from  a  point  a  little  behind  the  spectator  is  generally  taken  for  the 
apparent  angular  height.  This  may  evidentlv  be  far  in  excess  of  the  true  apparent 
height.* 

Admiral  Paris  has  invented  a  self-recording  instrument  for  the  purpose  of 
measuring  both  the  height  and  form  of  waves.  A  description  of  this  will  be 
found  in  the  Transactions  of  the  Institution  of  Naval  Architects,  vol.  iii., 
1867,  p.  279.  It  is  unfortunately  a  differential  instrument,  without  any  means 
of  getting  a  good  datum  line.  It  appears  to  be  much  better  adapted  for 
getting  approximate  profiles  of  complex  waves  than  for  obtaining  accurate 
measurements  of  simple  ones.  Observations  on  the  lengths  of  waves  present 
much  less  difficulty;  a  float  sunk  so  as  not  to  catch  the  wind  (such  as  a 
bottle),  and  observed  from  a  considerable  height,  will  give  the  periodic  time 
with  a  fair  degree  of  accuracy,  and  the  length  may  be  inferred  from  the 
period.  General  observations  upon  wavesf  are  not  in  point.  The  object  in 
the  present  case  is  to  ascertaiu  what  the  particular  waves  are  in  which  the 
ship's  rolling  is  being  observed. 

Measueement  of  Rolling. 

It  is  very  well  known  that  a  pendulum  at  sea  does  not  give  a  vertical  line, 
but  a  direction  due  to  the  joint  effect  of  gravity,  of  its  own  free  oscillation, 
and  of  the  forced  oscillation  due  to  the  motion  of  its  point  of  suspension.  A 
suspended  clinometer  is  thus  perfectly  useless  for  this  purpose.  Barometers, 
cuddy  lamps,  and  chandeliers  generally  oscillate  through  larger  angles  than 
the  ship. 

Mr.  Froude  (Transactions  of  the  Institution  of  Naval  Architects  for  18G2, 
p.  41)  suggests  watching  the  ratlins  of  the  rigging  come  down  to  the 
horizon  as  a  ready  and  fairly  correct  way  of  measuring  the  roll.  The 
motion  of  the  mast  heads  relatively  to  the  stars,  may  be  used  in  the  same 
way. 

M.  Normand,  junior,  of  Havre,  has  invented  a  very  ingenious  clinometer 
suspended  upon  gyrabals,  like  a  chronometer,  in  such  a  way  as  to  be  as  little 
as  possible  influenced  by  the  ship's  motion.J  We  do  not  consider  that  any 
instrument  depending  upon  gravitation  is  to  be  relied  upon  at  sea,  and  we 
have  been  informed  that  M.  Normand  himself  is  not  quite  satisfied  with  his 
instrument. 

Apart  from  observations  depending  upon  the  stars,  or  actual  sea  horizon,  the 
onl3r  only  instrument  tiiat  can  be  relied  upon  as  giving  an  invariably  plane  is 
of  the  gyroscope  class.  A  modification  of  Foucault's  gyroscope  was  tried  in 
the  North  Si  a  in  1859,  by  Professor  C.  Piazzi  Smyth,  who  gave  an  account  of 
the  instrument  and  of  its  performance  in  the  Transactions  of  the  Institution 
of  Naval  Arcbii.  I S,  p.  118. 

An  instrument  upon  tlu:  same  rotatory  principle,  but  self-recording,  has 
been  invented  by  Admiral  Paris,  1  lydrographer  of  the  French  Imperial  Navy. 
It  consists  of  a  spinning  top,  with  its  point  of  support  above  its  centre  of 
gravity.  It  spins  in  an  agate  cup,  and  the  top  of  the  spindle  carries  a  cami  Is 
hair  pencil,  which  marks  a  paper  band,  driven  by  clockwork,  and  passing 
through  1/  -i)  as  to  keep  close  to  the  pencil.     It  is  described,  and 

some  of    its  cnrvi  in    the    Transactions    ot   the  Institution  of  Naval 

Architects,  vol.  iii.,  fur  1887. 

Wh.  i    iii.   .   instruments  really  give,  is  the  deviation  from  an   mulct 
direction.    They  therefore  give  the  time  of  rolling  or  pitching,  and  of  any  in- 
term  |  ti.,n  ot  a  periodic  character,  and  tin-  amplitude  of  deviation  from 

the  mean  line ;  but  they  evidently  would  not  disci  uly  inclination  to 

which  th:  nullum  might  be  superadded.     The  gyroscope  or  top  will,  of  coarse, 
ban    its  own  proper  oscillatory  revolution,  which,  pint  out,  on 

•  principle  that  a  pegtop  "sleeps." 

On  there  does  not  seem  to  be  much  room  lor  improvement    in 

Admiral  )'..  intent,  unless,  perhaps,  in  diminishing  the  atmi    pheric 

bly,  also,  provision  might  be  made  for  adjusting  the  point  of  sup- 
port to  the  centre  of  gravity. 

Recommendation  of  Expehiuests  ox  Rolling. 

Then             tical  tbeory  of  rolling  is  very  for  from  easy,  and  leads  to  equa- 
tions of  which  there  is  no  known  -                               of  a  common  pendnlnm, 
lor  in                                  in  elliptic  integral,  and,  beyond  the  degree  of  corn- 
it  v  involved  in  rai  ;  lition  of  an< 

.:  rational  account  of  i he  ira- 
mi-ill  Itation, these  results  cannot  be expn 

or  measured  wit  i  I  accuracy.    In 

to  treat  them  we  suppositions,  whiob  do 

:  to  our  problem — as  lironism — or,  tbe 

elements  ol 
Ho  us  occurs  with  any  branch  of  1  iwledge,  the  proper 

of  applying   mathematical   .  Down 


•  9ei    Hr.  Rankinc's  remarks  in  the  Transoctionii  of  the  Iimtltution  of  Naval  archi- 
ll, iii  .  p.  i" . 

;!icr  reasons. 
Transactions  ul  the  Institution  of  Naval  Architect",  for  1S80,  p.  187. 


principles  of  general  mechanics,  but  from  an  advanced  base  of  observations 
peculiar  to  the  science  itself,  In  hydrodynamics,  between  minuteness  and 
number,  the  ultimate  molecular  unit  escapes  our  notice,  aud  we  are  only  able  to 
observe  effects  in  the  gross  ;  being  thereby  driven  to  a  certain  want  of  detail, 
both  of  observation  and  of  reasoning,  which  allows  us  to  trust  our  conclusions 
only  when  they  have  been  made  to  rest  on  a  broad  experimental  foundation. 
Whether  we  regard  the  theory  of  the  propulsion  of  ships,  or  that  of  their  rolling, 
our  analysis  has  assuredly  been  pushed  quite  to  the  extreme  verge  to  which 
general  reasoning  can  be  trusted ;  and  a  largely  increased  extent  of  exact  obser- 
vation ought  to  precede  further  attempts  at  inductive  reasoning  on  these  sub- 
jects. We  have  many  exact  experiments  on  propulsion,  although,  from  the 
complicated  character  of  the  phenomena  involved,  it  is  difficult  to  separate  the 
issues;  aud  this  will  probably  not  be  set  right  without  further  special  investi- 
gation. With  regard  to  the  rolling,  however,  we  have  much  vague  observa- 
tion, and  but  little  exact  knowledge,  derived  from  the  experiment. 

We  are  not  aware  of  any  one  published  experiment  on  the  rolling  of  ships 
in  waves,  in  which  the  details  necessary  to  make  any  mathematical  use  of 
the  results  are  supplied.  The  data  required  are,  as  a  minimum  for  each  case : — 
1.  A  draught  of  the  ship,  and  her  calculated  elements.  2.  The  position  of 
her  centre  of  gravity.  3.  Her  periodic  time  in  still  water.  4.  The  condition 
of  her  wet  surface.  5.  The  extent  and  period  of  her  roll.  6.  Was  the  rolling 
simple,  or  mixed  with  pitching  ?  7.  The  height,  length,  aud  period  of  the 
waves  in  which  she  was  rolling.  8.  Were  these  waves  simple?  9.  What 
alterations  have  been  made  in  her  displacement,  her  trim,  and  the  position  of 
her  weights,  as  regards  both  centre  of  gravity  and  moment  of  inertia  pre- 
viously to  the  trial  ?  10.  Force  and  direction  of  wind,  and  condition  of  ship 
as  regards  resistance  to  it.  11.  Full  details  as  to  the  manner  in  which,  and 
the  instruments  or  calculations  by  which,  these  data  have  been  ascertained. 

There  is  no  no  doubt  that  for  a  comprehensive  view  of  the  subject,  it 
would  be  necessary  that  these  things  should  be  ascertained  with  care  for  a 
large  number  of  ships,  of  various  classes,  aud  under  very  varied  conditions. 
But  this  is  too  much  to  expect  to  get  done,  although  we  think  it  would  be 
a  good  thing  for  the  Government,  and  other  large  ship  owners,  to  keep  in 
view  as  an  ultimate  object.  Meanwhile,  we  think  it  would  be  a  very  great 
experimental  aid  to  science,  if  these  things  could  be  accurately  settled  for 
even  two  or  three  ships,  under  different  circumstances  of  weather,  and  different 
arrangements  of  weight,  both  in  amount  and  distribution. 

Similar  experiments  should  also  be  made  with  reference  to  pitching.  The 
trials  should  be  made  with  sails  furled,  and  as  little  disturbance  from  head 
way  as  possible.  We  have  every  wish  to  have  parallel  experiment-,  tried  under 
any  possible  conditions  of  sail  and  propulsion  ;  and  if  it  may  be  done,  on  the 
same  ships,  consecutively  with  the  simpler  experiments,  lint  it  will  be  seen 
that  the  data  are  already  sufficiently  complex  at  the  best,  and  that  they  must  be 
used  clear  of  headway  and  leeway  before  they  can  be  discussed  with  reference 
to  these.  No  experiments  are  of  use  for  the  purpose  of  inductive  reasoning,  in 
which  any  one  of  the  data  mentioned  above  are  wanting. 

We  think  the  Government  might  fairly  be  asked  to  institute  such  a  set  of 
calculations  and  experiments.  We  cannot  find  that  the  exact  information 
which  we  have  suggested  is  in  existence  anywhere.  We  are  certain  that  it  has 
not  been  published  in  any  available  form  ;  and   we    have  reason   to  believe  that 

the  knowledge  is  quite  as  mnoh  as  needed  and  desired  by  the  gentlemen  respon- 
sible for  the  construction  of  the  navy,  as  by  merchant  builder*,  or  by  students 
Of  theory. 

We  therefore  recommend  that  the  deputation  previously  mentioned  with 
reference  to  the  experiments  on  resistance,  be  also  instructed  to  urge  upon  tbe 

Admiralty  the  importance,  both   practical    and  theoretical,  of  instituting  snob  a 

set  of  experiments,  of  providing  suitable  instrument 

various,  ami  ol  publishing  the  results,  We  aUo  recommend  the  appointment 
by  the  Council  of  the  Association  of  a  committee  ol  thr,  members  to  confer 
with  tint  officers  of  the  Admiralty  as  to  the  drawing  up  of  detail)  I   I'lstiuclioiis 

for  conducting  these  experiments ;  and  that  th  dty,  inths 

event  ol  then         nti  ig  to  the  pi  ip  isals,  be  requested  to  nominate  ■  oommittse 

to  confer  with  the  committee  named  by  the  Association. 

In  e In  ion,  we    beg   lea.  mend   that  this  report  be  officially  com- 

municated to  the  Councils  of  the  Institution  >.f  Naval  Architects,  the  lnsttta< 
lion  of  Civil  Engineers,  and  the  Institution  of  Engineers  in  Scotland,  tad  the 
the  co-operation  of  those  bodies  sought,  both  in  applying  to  the  Government, 

.ml  in  making    known   among    shipbuilders,  and    other  persons  connected  with 

naval  architecture,  as  wall  what  is  the  state  of  our  txisung  ka 

are  the  immediate  desiderata  for  its  i 


ONTHE   MANUFACTURE    OF   CHLORINE    BY  MEANS  OF  PERPE- 
TUALLY REGENEH  \n  D   MANQAN1TE  OF  CALCIUM. 

Bj    M  2.   W  ci  rite   Wi 

iation  chloriim  baa  lx  gun  lo  be  manu- 

mpound,  i.  .  si  (hr  as  I  can  fin  I, 

-.  besides  thus  | 
continually  reproducing  what  I  believe  to  I  »  rally 

.:  item  in  ■    the  manul 

t>|  ohlorine  which 
quantity  of  bydroohlorio  acid,  and,  mor< 

faoturo  ol   obi  without    tbi 

r InS,    I    Dave   ventured   to  think  that  a   wry  Inn.   SCOOUUt  Oi  it    might 

without  interest  tO  this  Section.  *. 

What  has  hitherto  bean  the  ordinary  process  ol  manufacturing 
lists  -imply  in  digesting  with  hydrochloric  acid,  ore*  containing  pSTOXidS  ol  uisn- 
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ganese.  The  reaction  which  takes  place,  besides  liberating  chlorine,  produces 
choride  of  manganese,  which  remains  behind.in  solution  after  the  chlorine  has 
gone  off,  and  has  hitherto  been  usually  thrown  away.  There  has  been  proposed 
and  tried  a  great  number  of  processes  for  transforming  this  chloride  into 
peroxide  for  use  over  again,  but  the  onty  one  of  them  that  has  met  with  the 
slightest  measure  of  practical  success,  prior  to  that  which  is  the  subject  of  this 
paper,  is  the  one  which  is  known,  from  the  name  of  its  inventor,  as  Dunlop's 
process.  Dunlop's  process  decomposes  the  chloride  of  manganese  by  heating  its 
solution,  under  a  pressure  of  from  two  to  four  atmospheres,  with  milk  of  car- 
bonate of  lime,  and  then,  in  the  dry  way,  transforms  the  resulting  carbonate  of 
manganese  into  a  mixture  or  compound  of  two  equivalents  of  peroxide  with 
one  equivalent  of  protoxide,  by  subjecting  it  for  forty-eight  hours  to  the  action 
of  air  at  a  temperature  of  about  600  deg.  Fah.  The  product  of  Dunlop's  process 
is  a  sufficiently  satisfactoiy  one,  containing  about  72  per  cent,  of  MnO2 ;  but 
the  process  requires  a  very  formidable  amount  of  apparatus,  and  in  this  and 
others  ways  is  so  costly  that  its  use  has  never  extended  beyond  a  single  firm  of 
manufacturers. 

Three  years  ago  I  began  to  endeavour  to  work .  out  the  idea  of  decomposing 
by  either  lime  or  magnesia  the  chloride  of  manganese  in  the  residual  liquors  of 
the  chlorine  manufacture,  and  then  blowing  air  through  the  resulting  mixture 
of  hydrated  protoxide  of  manganse  with  solution  of  chloride  of  calcium  or  of 
chloride  of  magnesium,  as  the  caseniay  be.  I  took  for  granted  that  one-half  of 
the  protoxide  of  manganese  so  treated  was  the  largest  proportion  of  it  that 
could  thereby  be  converted  into  MnO2 — in  other  words,  that  one  could  obtain 
only  sesquioxide  by  this  method;  but  it  was  soon  found  that  when  using  lime 
to  decompose  the  chloride  of  manganese  considerably  more  than  half  the  pro- 
toxide operated  upon  was  frequently  converted  into  MnO2.  It  was  found 
eventually  that  more  than  half  the  protoxide  was  thus  peroxidised  only  when 
more  lime  was  used  than  simply  the  quantity  necessary  to  decompose  the 
chloride  of  manganese,  and  when  wliaj  was  treated  with  air  was  thus  a  mixture 
of  manganese  and  lime;  and  it  was  also  found  that  in  all  such  cases  there  was 
a  definite  relation  between  the  quantity  of  lime  associated  with  the  protoxide 
of  manganese  and  the  quantity  of  the  protoxide  in  excess  of  half  which  became 
peroxidised.  This  led  to  the  discovery  that,  whereas  when  protoxide  of  manganese 
by  itself  is  treated  with  air  in  the  wet  way,  one-half  is  the  maximum  proportion 
of  it  which  can  thereby  be  converted  into  MnO2,  the  association  of  a  certain 
proportion  of  lime  with  the  protoxide  so  treated  will  enable  the  whole  of  it  to 
oecome  converted  into  Mn02-  It  is  to  this  fact,  together  with  that  of  the 
much  greater  rapidity  with  which  protoxide  of  manganese  can  be  peroxidised  by 
treatment  with  air  in  the  wet  way  when  lime  is  present  than  when  lime  is  not 
present,  that  the  practical  success  of  the  new  method  of  manufacturing  chlorine 
is  mainly  due. 

The  action  of  lime  in  increasing  the  proportion  of  protoxide  of  maganese, 
which  can  be  peroxidised  by  treatment  with  air  in  the  wet  way,  evidently  con- 
sists in  the  lime  substituting  itself  for  that  part  of  the  protoxide  which,  when 
protoxide  of  manganse,  not  having  any  other  basic  substance  associated  with  it, 
is  treated  with  air  in  the  wet  way,  does  not  undergo  peroxidation.  It  would 
seem  that  the  production  of  MnO  in  the  wet  way,  by  direct  combination 
between  the  hydrated  MnO2  and  atmospheric  oxygen,  absolutely  requires  the 
presence  of  a  base  with  which  the  MnO2  can  combine  as  it  forms.  When 
protoxide  of  manganese,  not  having  any  other  basic  substance  associated  with  it, 
is  treated  with  air  in  the  wet  way,  a  part  of  the  protoxide  itself  has  to  act  as 
the  required  base;  and  this  is  the  reason  why,  in  that  case,  not  more  than  half 
•the  protoxide  can  become  peroxidised,  the  other  half  being  required  to  combine, 
as  MnO,  with  the  half  which  becomes  converted  into  Mn02-  When,  however, 
the  protoxide  of  manganese,  which  is  treated  with  air  in  the  wet  way,  has  lime 
associated  with  it,  the  Mn02  which  forms  (or  a  part  of  it,  according  to  the  pro- 
portion of  lime  present)  combines  with  CaO  instead  of  MnO,  thus  leaving  free 
to  undergo  peroxidation  that  part  of  the  MnO  which,  hut  for  the  presence  of 
the  CaO,  this  MnOo  must  have  combined  with,  and  which  would  thus  have  got 
locked  up  in  a  state  in  which  it  would  have  been  incapable  of  being  peroxidised, 
at  least  in  the  wet  way  and  by  air  alone.  Hence  the  presence  of  enough  lime 
to  take  the  place  of  that  half  of  the  protoxide  which,  if  no  lime  were  present, 
would  have  to  go  into  combination  as  base,  and  also  to  supply  enough  base  for 
that  half  itself  to  combine  with  after  undergoing  peroxidation,  will  enable  the 
whole  of  the  MnO  operated  upon  to  be  raised  to  the  state  of  MnOs.  The 
minimum  quantity  of  lime  which  is  enough  for  this  purpose  is  an  equivalent 
for  each  equivalent  of  MnO  operated  upon,  or  the  quantity  necessary  to  supply 
an  equivalent  of  lime  to  all  the  MnO2  which  can  he  produced  by  the  peroxidation 
of  all  the  MnO. 

By  treating  with  air,  then,  a  mixture  of  protoxide  of  manganese  and  lime 
suspended  either  in  water  or  in  solution  of  chloride  of  calcium,  there  is  formed 
a  compound  containing  MnO2  and  CaO  in  the  proportion  of  an  equivalent  of 
one  to  an  equivalent  of  the  other.  This  compound  may  be  regarded  as  a  ses- 
quioxide of  manganese,  or  MnO3,  the  MnO  in  which  is  replaced  by  CaO.  I  call 
it  manganite  of  calcium,  and  I  believe  it  to  be  a  new  compound.  Gergeu,  in 
1862,  described  a  compound  which  he  called  manganite  of  calcium  ;  but  his 
compound  contained  five  equivalents  of  MnO2  per  equivalent  to  CaO,  and  the 
CaO  in  it  was  so  feebly  combined  that  it  readily  decomposed  chloride  of  manga- 
ganese.  My  compound  contains  only  one  equivalent  of  MnO2  per  equivalent  of 
CaO,  and  has  no  action  upon  salts  of  manganese. 

The  compound  has  now  been  produced  and  reproduced  to  the  extent  of  some 
hundreds  of  tons.  The  process  of  producing  it  and  applying  it  to  the  manufacture 
of  chlorine  is  conducted  as  follows  :■ — The  residual  liquor  which  remains  after 
a  charge  of  manganite  has  reacted  upon  hydrochloric  acid  in  any  suitable  still 
is  run  from  the  still  into  a  well  or  other  receptacle  in  which  it  is  treated  with 
carbonate  of  lime,  to  neutralise  anj'  free  acid,  and  to  decompose  any  sesquichlo- 
ride  of  aluminium  which  may  be  contained  in  it.  The  neutralised  liquor  is  then 
pumped  up  into  an  elevated  cistern,  in  which  it  is  left  at  rest  for  a  few  hours  in 
order  that  it  may  deposit  certain  solid  matters  which  it  now  holds  in  suspension. 


The  most  abundant  of  these  is  usually  sulphate  of  calcium,  due  to  the  some- 
what considerable  quantity  of  sulphuric  acid  which  is  nearly  always  contained 
in  the  hydrochloric  acid  produced  in  alkali  works  ;  but  there  are  also  small 
quantities  of  sesquioxide  of  iron,  derived  from  the  sesquichloride  of  iron  in  the 
hydrochloric  acid,  and  sometimes  partly  from  the  lime  used  in  the  process,  and 
larger  or  smaller  quantities  of  alumina  and  silica  due  to  the  lime.  These  im- 
purities having  deposited,  the  supernatant  liquor,  which  is  a  mixed  solution  of 
chloride  of  manganese  and  chloride  of  calcium,  and  is  now  quite  clear  and  of  a 
beautiful  rose  colour,  is  run  off  into  another  vessel,  where  there  is  added  to  it 
the  quantity  of  lime  necessary  to  decompose  the  chloride  of  manganese  in  it  and 
nearly  an  equivalent  more.  A  blast  of  air  is  then  injected  into  the  resulting 
mixture,  and  what  was  at  first  a  perfectly  white  mud,  all  the  manganese  in 
which  was  in  a  state  of  MnO,  soon  becomes  a  very  black  mud,  nearly  all  the 
manganese  in  which  is  in  a  state  of  M11O2.  This  is  then  allowed  to  settle  for 
about  twelve  hours,  at  the  end  of  which  time  it  has  separated  into  a  denser 
black  mud  and  a  supernatant  clear  solution  of  chloride  of  calcium.  This  solution 
of  chloride  of  calcium  having  been  drawn  off,  what  remains  is  ready  for  use  in 
the  still.  It  is  used  as  mud,  without  drying,  being  conveyed  to  the  still  by 
pipes  and  entering  by  a  hydraulic  lute.  In  the  still  it  meets  with  the  hydrochloric 
acid,  from  which  it  liberates  chlorine,  at  the  same  time  reproducing  exactly 
such  a  residual  solution  as  was  commenced  with.  With  this  solution  the  rouud 
of  operations  is  recommenced;  and  so  on,  over  and  over  again,  continually. 
The  samples  I  exhibit  are  portions  of  a  charge  of  manganese  which,  at  the 
works  of  Messrs.  J.  C.  Gamble,  and  Sons  of  St.  Helens — where  this  process  has 
been  worked  out,  by  the  liberal  co-operation  of  Lieutenant-Colonel  Gamble,  the 
proprietor  of  these  works,  and  the  invaluable  assistance  of  Mr.  Bramwell,  the 
very  able  manager  of  them — has  actually  generated  chlorine,  from  which  bleaching 
powder  has  been  made  something  like  fifty  successive  times. 

Hitherto,  the  principal  item  in  tne  cost  of  chlorine  has  been  that  for  native 
peroxide  of  manganese  Last  year,  in  Great  Britain,  Prance,  Belgium,  and 
Germany  together,  there  were  produced  about  120,000  tons  of  bleaching  powder, 
which  cost,  on  an  average,  for  native  oxide  of  manganese,  not  much,  if  any, 
less  than  £5  per  ton.  My  process  substitutes  for  this  cost  for  native  oxide  of 
manganese  a  cost  for  the  regeneration  of  manganite  of  calcium  not  exceeding 
fifteen  shillings  per  ton  of  bleaching  powder,  being  about  ten  shillings  for  lime, 
one  shilling  for  steam,  one  shilling  for  wages,  and  two  shillings  for  interest  and 
wear  and  tear.  Moreover,  whereas  hitherto,  at  least  in  this  country  and  in  all 
but  in  extremely  few  exceptional  cases,  the  production  of  a  ton  of  bleaching 
powder  has  required  the  acid  from  about  75  cvvt.  of  salt,  my  compound  yields 
chlorine  enough  for  a  ton  of  bleaching  powder  from  the  acid  from  less  than  45 
cwt.  of  salt.  This  larger  yield  of  chlorine  is  mainly  due' to  the  artificial 
manganite  being  so  easily  soluble  that  it  can  very  readily  be  caused  to  neutralise 
from  95  to  99  per  cent,  of  the  acid  employed,  which  is  a  very  much  larger  pro- 
portion than  can  be  neutralised  when  working  with  manganese  ores.  A  third 
very  important  advantage  of  the  new  process  over  the  old  one  consists  in  this, 
that  whereas  the  immense  quantities  of  acid  which  escape  neutralisation  in  the 
old  process  are  usually — and  have  almost  necessarily  to  be — sent  into  the  rivers 
as  free  acid,  the  only  product  of  the  new  process  which  has  to  be  thrown  away 
is  a  perfectly  neutral  solution  of  chloride  of  calcium. 

Seeing  that  manganite  of  calcium,  or  CaMn03,  is  only  of  the  same  value 
precisely,  in  respect  of  the  quantity  of  chlorine  which  it  can  liberate  from  a 
given  quantity  of  acid,  as  sesquioxide,  otherwise  manganite  of  manganese,  or 
MnMnO3,  it  may  be  well  to  explain  why  it  is  preferable  to  produce  and  repro- 
duce the  former  rather  than  the  latter.  The  reasons  for  this  are  two.  There 
is,  firstly,  the  obvious  reason  that,  when  all  the  manganese  is  converted  into 
Mn03,  twice  as  much  work  is  done,  per  given  bulk  of  material  operated  upon, 
as  when  only  half  the  manganese  is  converted  Mn02 ;  and  this,  of  course,  would 
be  a  very  important  consideration,  even  if  the  transformation  of  chloride  of 
manganese  into  manganite  of  calcium  occupied  the  same  time  as  its  transfor- 
mation into  manganite  of  manganese.  Keally,  however  (and  this  is  the  second 
reason),  the  former  operation,  in  which  all  the  manganese  is  converted  in  MnOn, 
does  not  occupy  more  than  one-fifth  of  the  time  required  for  the  latter  operation, 
in  which  only  half  the  manganese  is  converted  into  Mn03  ;  and  hence,  while 
the  manufacture  of  chlorine  by  means  of  perpetually  regenerated  manganite  of 
calcium  effects  the  very  considerable  economy  above  stated,  it  is  questionable 
whether  chlorine  could  be  manufactured  by  means  of  manganite  of  manganese, 
regenerated  by  the  same  method,  so  cheaply  as  by  means  of  manganese  ores. 

The  length  of  time  which,  when  protoxide  of  manganese  by  itself  is  treated 
with  the  air  in  the  wet  way,  is  required  for  its  complete  conversion  into  ses- 
quioxide is  very  remarkable,  and  the  fact  that  hydrated  protoxide  of  maganese 
is  somewhat  freely  soluable,  alike  in  water  and  in  neutral  solution  of  chloride  of 
calcium,  would  seem  to  have  something  to  do  with  it.  It  is  a  curious  fact  that 
the  peroxidation  of  protoxide  of  manganese  by  treatment  with  air  in  the  wet 
way  is  greatly  retarded  by  the  presence  in  the  medium  in  which  the  protoxide 
is  supended  of  any  proto-compound  of  manganese  in  the  state  of  solution.  Thus, 
in  a  solution  of  either  chloride  or  any  other  protosalt  of  manganese,  peroxida- 
tion will  go  on  only  extremely  slowly ;  and  solution  of  the  protoxide  itself, 
which  will  be  present  until  the  very  end  of  the  operation  when  protoxide  alone 
is  treated  with  air  in  the  wet  way,  has  the  same  retarding  influence.  On  the 
other  hand,  when  treating  with  air  a  mixture  of  protoxide  of  manganese  and 
lime  suspended  in  solution  of  chloride  of  calcium,  there  are  formed  solutions 
containing  peroxide  of  manganese,  in  the  presence  of  which  peroxidation  goes 
on  with  extreme  rapidity.  All  these  solutions  are  more  or  less  deeply  coloured, 
the  solution  of  the  protoxide  being  without  colour.  I  exhibit  a  sample  of  one  of 
the  coloured  solutions,  called  by  the  workmen  "  the  port  wine  solution."  The 
nature  of  these  coloured  solutions  has  not  yet  been  fully  investigated,  but  I 
believe  them  to  consist  of  manganite  of  calcium  dissolved  in  solution  of  oxychlo- 
ride  of  calcium. 

I  may  be  permitted  to  mention,  in  conclusion,  that  while  there  is  every 
prospect,  from  the  rapidity  with  which  the  new  process  of  manufacturing  chlorine 
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has  been  and  is  being  adoptrd  both  in  this  country  and  on  the  Continent,  that 
n  ithin  a  period  to  be  measured  only  by  months  nearly  all  the  chlorine  made  in 
the  world  will  be  made  by  it,  there  is  every  likelihood  that  in  nearly  all  cases 
a  portion  of  the  hydrochloric  acid  saved  by  it  will  be  applied  to  the  recovery 
of  sulphur  from  alkali  waste.  The  chief  reason  why  the  recovery  of  sulphur 
from  alkali  waste  has  been  so  little  practised  hitherto  is  that  the  manufacturers 
have  considered  it  more  profitable  to  use  all  their  acid  for  the  manufacture  of 
bleaching  powder  than  to  use  any  part  of  it  for  the  recovery  of  sulphur ;  but 
the  process  which  I  have  had  the  honour  to  describe  will  enable  them  to  make 
more  bleaching  powder  than  they  have  hitherto,  and  yet  have  enough  acid  left 
to  permit  of  their  applying  to  all  their  alkali  waste  the  only  process  for  the 
recovery  of  sulphur  therefrom  which  as  yet  has  been  found  practically  success- 
ful, and  I  am  able  to  state  that  this  application  of  a  portion  of  the  acid  saved 
by  my  process  will  be  extensively  adopted. 


REMARKS  OX  METEOROLOGICAL  REDUCTIONS,  WITH  ESPE- 
CIAL REFERENCE  TO  THE  ELEMENT  OF  VAPOUR. 

■(Communicated  to  the  Kew  Committee  by  Pbofessok  Bauot/e  Ste-waet.) 

It  will  he  desirable  to  preface  the  method  of  reduction  herein  proposed 
by  a  few  remarks  on  the  objects  contemplated  in  such  reductions.  These 
objects  are  twofold.  In  the  first  place  meteorological  reductions  may 
be  pursued  with  the  immediate  object  of  acquiring  information  as  to  the 
climate  of  a  place;  or,  secondly,  they  may  be  pursued  with  the  immediate 
object  of  extending  our  knowledge  of  meteorology,  regarded  as  a  physical 
science. 

Thus,  for  instance,  a  certain  kind  of  reduction  might  be  imagined  to 
\>e  of  immediate  practical  benefit  in  determining  whether  a  certain  place 
might  suit  a  certain  class  of  persons  or  a  certain  clas3  of  plants,  but  yet 
it  might  not  materially  advance  our  knowledge  of  meteorology  regarded 
as  a  physical  scionce.  But,  on  the  other  hand,  all  observations  tending  to 
advance  our  knowledge  of  meteorology  are  of  undoubted  practical  benefit. 
The  amount  of  vapour  present  in  the  air  is  without  doubt  a  very  impor- 
tant element  of  climate,  inasmuch  as  this  affects  in  a  marked  manner  the 
skin  of  the  human  body  and  the  leaves  of  plants;  but  I  am  not  aware  that 
it  has  yet  been  determined  by  the  joint  action  of  naturalists  and 
meteorologists  what  is  the  precise  physical  function  which  expresses  pro- 
portionally the  effect  of  moisture  upon  animal  and  vegetable  life.  Is  it 
simply  illative  humidity?  or  does  not  a  given  relative  humidity  at  a 
high  temperature  have  adifferent  effect  from  that  which  it  has  when  the 
temperature  is  low? 

There  is,  in  fact,  an  absence  of  information  as  to  the  precise  physical 
formula  which  is  wished  by  physiologists,  as  expressing  the  effect  of 
moisture  upon  organic  life.  On  the  other  hand,  physicists  may  be  pre- 
sumed to  confine  themselves  to  meteorology  regarded  as  a  physical 
science.     It  is  in  this  latter  aspect  that  I  proceed  to  discuss  the  question. 

Regarding  meteorology,  therefore,  as  a  physical  science,  it  is  one 
of  our  objects  to  ascertain  the  distribution  and  laws  of  motion  of  the 
dry  and  wet  components  of  our  atmosphere;  and  it  cannot  be  denied 
thiil,  we  are  at  the  present  moment  in  very  great  ignorance  of  these 
laws. 

With  respect  to  the  motion  of  our  atmosphere,  it  cannot  be  anticipated 
that  we  shall  ever  possess  the  same  sort  of  knowledge  which  astronomy 
gives  us  regarding  the  motions  of  the  heavenly  bodies ;  for  in  the  latter 
case  the  identity  of  the  object  is  not  lost  sight  of,  while  in  the  former  case 
it  is  clearly  impossible  to  ascertain  the  motions  of  individual  particles  of 
air.  Our  inquiries  into  the  distribution  and  motion  of  the  elements  of  our 
atmosphere  must  therefore  be  pursued  by  that  method  which  enables  ug  to 
ascertain  the  distribution  and  motion  of  any  other  substance  or  pro- 
duct with  the  individual  components  of  which  we  find  it  impracticable  to 

Suppo  ,  for  instance,  we  wish  to  ascertain  the  wealth  of  our  country  in 
.'rain  or  ill  spirits,  and  the  distribution  of  this  commodity  over  the  earth's 
surface.  We  should  first  of  all  begin  by  taking  the  stock  of  the  commodity 
corresponding  to  a  given  date;  we  should  next  keep  a  strict  account  of  all 
the  imports  and  exports  of  the  material,  as  well  as  of  its  home  production 
and  borne  con  umption. 

Now,  if  we  have  taken  stock  properly  at  first,  and  if  our  account  of  the 
imports,  the  exports,  the  production,  and  the  consumption  of  our  material 
is  accurate  and  properly  kept,  it  will  obviously  be  unnecessary  to  take 
stock  a  second  time.  But  if  these  accounts  are  not  kept  with  sufficient 
accuracy,  or  if  we  suspect,  that  our  material  lean  ne  secret  channel 

which  we  wish  to  trace,  it  will  clearly  be  necessary  t"  take  itock  frequently  ; 
and  thus  a  comparison  of  our  various  accounts  may  enable  hi  to  deti 
place  and  circumstances  of  that  secret  transit  which  has  hitherto  ea< 
our  obsei  ration. 

Applying  these  principles  to  the  vapour  of  our  atmosphere,  what  we 
wish  to  know  is  the  amount  of  the  material  present  "t  any  one  station  nt 
any  moment,  and  also  the  laws  ot  its  motion.  It  would  appear  that  the 
best  way  of  measuring  the  amount  present  at  liny  moment  is  by  ascertain- 


ing the  mass  of  vapour  present  in  a  cubic  foot  of  air,  mass  and  volume  being 
fundamental  physical  conceptions. 

Next,  with  regard  to  the  motion  of  the  atmosphere,  including  its  vaporous 
constituent,  the  method  of  co-ordinates  suggested  by  Dr.  Robinson  would 
appear  to  be  the  natural  way  of  arriving  at  this.  Let  us  set  up  at  a  station 
two  imaginary  apertures,  one  facing  north  and  south  and  the  other  east 
and  west,  and  gauge  the  mass  of  dry  air  and  the  mass  of  moisture  that 
passes  each  of  these  openings  in  one  hour;  we  shall  by  this  means  get  the 
nearest  attainable  approach  to  the  elements  of  motion  of  the  atmospheric 
constituents  from  hour  to  hour.  We  shall  not,  however,  obtain  by  this 
means  a  complete  account  of  this  motion,  for  we  have  at  present  no  means 
of  measuring  its  vertical  component.  This  vertical  component  corresponds 
in  fact  to  the  secret  channel  in  the  illustration  given  above,  which  we  must 
endeavour  to  detect  by  some  indirect  method.  Another  thing  that  ought 
to  be  determined  is  the  production  or  consumption  of  the  vaporous  element 
of  our  atmosphere  as  it  passes  from  place  to  place.  This  might  be  done 
could  we  keep  an  accurate  account  of  the  evaporation  and  the  precipitation, 
the  two  processes  by  which  this  element  is  recruited  and  consumed.  This 
would,  however,  he  a  very  difficult  observation. 

Let  us  now  recapitulate  what  information  regarding  moisture  we  can 
obtain  from  such  complete  meteorological  observations  as  are  at  present 
made.  We  have — (1),  The  mass  of  vapour  actually  present  at  a  station 
from  hour  to  hour;  (2),  the  mass  that  passes  a  station  in  one  hour,  going 
east  and  west ;  (3),  the  mass  that  passes  a  station  in  one  hour,  going  north 
and  south.  There  is  wanting — (4),  the  vertical  component  of  the  motion 
of  vapour ;  (5),  its  production  or  consumption  as  it  passes  from  place  to 
place. 

These  deficiencies  may,  however,  be  to  some  extent  overcome  by  the  fol- 
lowing considerations : — First,  the  atmosphere  moves  as  a  whole  when  it 
moves,  the  dry  and  moist  air  moving  together;  secondly,  dry  air  is  neither 
capable  of  production  nor  of  consumption,  but  always  remains  constant  in 
amount. 

To  illustrate  this  part  of  the  subject,  let  it  be  supposed  we  wish  to  inves- 
tigate the  vertical  motion  of  the  atmosphere  at  a  certain  station.  Make 
this  station  the  imaginary  centre  of  a  circle,  the  circumference  of  which 
may  be  supposed  to  be  studded  with  other  stations  at  sufficiently  frequent 
intervals,  so  that  we  can  tell,  hour  by  hour,  how  much  dry  air  passes  in 
towards  the  centre  of  the  circle  through  its  circumference,  and  also  how 
much  passes  out. 

Let  us  suppose  that  more  is  passing  in  than  is  passing  out,  or  that  the 
imports  into  the  area  of  the  circle  are  greater  than  the  exports  out  of  it. 
Now  the  dry  air  that  passes  in  is  incapable  of  production  or  of  consumption, 
and  hence  the  stock  of  the  material  at  the  central  station,  and  in  the 
area  generally,  ought  to  be  on  the  increase,  since  we  have  imagined  the 
imports  to  be  greater  than  the  exports.  If,  however,  we  ascertain  from 
actual  observation  that  the  stock  of  dry  air  is  diminishing  instead  of  in- 
creasing, we  may  be  sure  that  some  is  carried  off  by  an  upward  current, 
which  of  course  carries  the  moisture  with  the  dry  air. 

So  much  for  the  vertical  component ;  and,  in  the  next  place,  with  regard 
to  the  production  or  consumption  of  aqueous  vapour  as  it  passes  from  place 
to  place.  Our  consideration  has  hitherto  been  confined  to  quantity  ;  let 
us  now  define  what  is  meant  by  the  hygrometric  quality  of  the  air.  It  may 
be  represented  by  the  following  quotient: — 

mass  of  vapour  in  a  cubic  foot, 
mass  of  dry  air  in  a  cubic  foot. 
Now  this  quotient  can  only  alter  by  evaporation,  by  precipit  it  ion,  or  by 
mixture.  This  hygrometric  quality  of  the  air  may  perhaps  !>■  considered 
as  a  quality  sufficiently  constant  to  aid  us  in  tracing  the  actual  motion  of 
air,  just  as  we  may  make  use  of  the  element  ofaaltneas  to  trace  the  actual 
patli  of  an  oceanic  current,  lint  besides  this  aid,  we  may  make  n-,-  of  it  n 
enable  us  to  tell  the  precipitation  or  evaporation,     For  instance,  a  very 

damp  air,  in    passing  Over  a   Very  dry  country,  may  be   supposed  bo  em, 

Less  damp,  having  its  hygrometric  quality  changed  ;  <>r  a  very  dry  air,  In 
pasting  over  a  very  damp  country,  may  be  supposed  to  •merge  leas  dry, 
having  its  quality  changed   in  •  n.    Tims,  by  actual 

observation  of  the  quality  of  the  air  at  the  time  ofltS  retail  par- 
ticular t  raet  of   land    it  mi,  mill  nt    the  time   of   it-    1,  r.                       B1BJ 

■  much  i  ■  i  iii  the  countrj .  as 

i  this  parUcular  research  i-  I,  titan  it  it  irere  studded  with 

I  should  then  as  should,  ' 
a  of  reduction,  be  made  to  show— (1  '   '""'  "' 

moisture  in  one  coble  too*  actually  pw  '"  '  ' 

hour;  (2),  the  mass  of  dry  air  and  of  moisture  thai  | 

hour  by  hour,  in  two  lines  of  direction  at   right  angles  t< oh  other. 

mi Iv,  north  ami  '011111,  and  cant  and  I 

When  "led   they  might   (or  seal 

obangea  t>.   reduced  after  the  method  of  five-day  means, «  forth  low 

of  abrupt  it,  such  n«  stormi.  ties    might  bo 

I  in  «onie  other  way. 
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Betaining  the  belief  that  meteorology  ought  to  be  treated  as  much  as 
possible  with  the  view,  in  the  first  place,  of  determining  the  actual 
motions  of  our  atmosphere,  and,  in  the  next  place,  of  assigning  the  cause 
of  these,  it  is  no  doubt  the*  greater  movements  of  the  atmosphere  that 
will  be  indicated  by  five-day  means.  It  ought,  however,  to  be  remarked 
that  the  observations  at  any  station  are  subject  to  the  influence  of  locality, 
none  probably  more  so  than  those  of  wind.  It  would  appear  that  this 
influence  ought  to  be  eliminated  before  we  can  make  any  trustworthy 
quantitative  deductions  regarding:  the  greater  movements  ot  our  atmos- 
phere. I  should,  however,  imagine  that  the  quality  of  the  air,  as  herein 
indicated,  may  be  made  of  immediate  use  in  the  study  of  storms. 

It  has  been  suggested  by  Mr.  Meldrum,  who  expresses  his  concurrence 
with  the  above  remarks,  that  in  addition  to  the  five-day  means  indicated 
above,  there  might  be  given  a  brief  epitome  of  the  weather.  Thus,  for 
instance,  "  The  wind  blew  from  the  N.E.  at  Kew  from  January  1st,  1  a.m., 
to  January  4th,  3  p.m.,  in  all  eighty-six  hours,  at  the  average  velocity  of 
sixteen  miles  an  hour,  with  an  average  pressure  of  30in.,  a  temperature  of 
40deg.  Fah.,  and  an  average  hygrometric  quality  represented  by  '075." 
The  same  remarks  had  previously  occurred  to  myself,  and  Mr.  Airey  also 
has  recently  suggested  the  study  of  the  meteorological  phenomena  of 
those  periods  during  which  the  wind  blows  in  the  same  direction. 


ON  SOME  DIFFICULTIES  IN  THE  EECEIVED  VIEWS  OF  FLUID 
FKICTION. 

By  Me.  W.  Feotjde. 

The  very  great  variations  in  the  resistance  offered  to  the  flow  of  water 
through  the  main  of  the  Torquay  water  supply,  arising  from  apparently 
small  variations  in  the  roughness  of  the  interior  surface,  have  led  me  to 
think  that  our  views  of  the  character  of  that  action  which  is  commonly 
termed  "  fluid  friction,"  or  "  skin  resistance,"  requires  further  investiga- 
tion, and  perhaps  material  revision. 


d         I' 


suitable  for  the  internal  surface  of  a  pipe,  with  that  suitable  for  smooth  sur- 
faces in  open  water,  represents  the  circumstances  that  the  central  or 
maximum  velocity  of  the  contents  of  a  pipe  considerably  exceeds  their 
mean  velocity;  and  that  a  cast  iron  surface — that  commonly  referred  to 
in  pipes — is  probably  inferior  in  smoothness  to  a  painted  surface,  while 
the  excess  in  the  coefficient  appropriated  to  the  higher  velocity,  represents 
the  probability  that  the  imperfect  fluidity  of  water  is  more  felt  when  the 
velocity  is  small. 

The  rationale,  if  I  may  use  the  term,  by  which  the  flow  of  water  through 
a  pipe  is  deduced  from  this  coefficient  of  friction,  and  the  internal  area  of 
the  pipe,  involves  the  assumption  that  one  and  the  same  multiple  of  the 
mean  velocity,  is  equally  applicable  to  all  pipes  of  whatever  diameter,  as 
the  effective  velocity  in  virtue  of  which  the  coefficient  is  to  be  applied. 

This  assumption  will  now  determine  the  resistance  which  each  length- 
unit  of  pipe  of  given  diameter,  will  offer  in  virtue  of  the  velocity  of  flow ; 
and  if  the  mean  declivity,  or  hydraulic  gradient  be  also  given,  the  velocity 
must  be  such  that  this  resistance  shall  exactly  balance  the  force  which  the 
weight  of  the  corresponding  length-unit  of  internal  water  column,  exerts 
along  the  pipe  in  virtue  of  the  gradient. 

The  usual  formulae"  are  thus  deduced,  which  give  the  mean  velocity  as 
proportioned  to  the  square  root  of  the  diameter  and  the  square  root  of  the 

gradient,  and  the  delivery  per   minute  as  proportion  to  the   power  -  of 

% 
the  diameter  and  the  square  root  the  the  fall. 

This  mode  of  viewing  the  question  does  not  essentially  differ  from  that 
of  supposing  the  enclosed  column  of  water,  to  glide  bodily  along  the  interior 
of  the  pipe,  and  the  resistance  to  be  delivered  at  a  definite  rubbing  surface 
as  with  solid  friction,  depending,  however,  not  on  pressure  of  contact,  but 
on  velocity  of  gliding.  And  the  supposition  seems  to  lead  to  some  irrecon* 
cileable  consequences. 

The  character  of  the  motion  involved  in  it,  may  be  geometrically  repre- 
sented as  follows : — 


PIC. 3 
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The  accredited  laws  that  are  held  to  govern  the  resistance  arising  from 
this  action  are  based  on  the  following  considerations.  (1)  That  the  re- 
sistance offered  by  each  square  foot  of  rubbing  surface  in  a  given  plane 
moving  edgewise,  is  the  same  throughout  the  plane ;  (2)  That  it  is  as  the 
square  of  the  velocity  of  the  surface  through  the  surrounding  fluid,  or  of 
the  surrounding  fluid  past  the  surface.  And  this  relation  is  usually  ex- 
pressed by  a  simple  coefficient,  the  value  of  which  is  known  to  vary  some- 
what with  the  quality  of  the  surface,  being  increased  by  its  roughness,  and 
is  held  to  be  somewhat  less  for  high  velocities  than  for  low. 

If  we  express  the  friction  'byf=kv'3a,  v  being  the  velocity  in  feet  per 
second,  and  a  the  friction  bearing  area  in  square  feet,  the  value  of  k  as 
deduced  from  Beaufoy's  experiments  with  a  smooth  painted  plank  moving 
through  open  water  is  O0034,  while  Professor  Bankine  takes  it  at  about 
the  same  value,  or  0"0036  for  clean  painted  iron.  And  as  deduced  from 
Professor  Bankine's  rules  for  the  flow  of  water  through  pipes  of  cast  iron, 
its  value  appears  to  vary  between  0*0092  for  velocities  of  about  1  ft.  per 
second,  and.  0"0056  for  velocities  of  about  4  ft.  per  second. 

The  excess  which  is  observed  in  comparing  the  coefficient  of  resistanc  e 


Let  A  B,  Fig.  1,  be  a  portion  of  pipe  having  a  diameter  =  unity,  and  let 
the  water  within  it  be  flowing'in  obedience  to  some  given  hydraulic  gradient, 
and  therefore  with  some  definite  mean  and  effective  velocities,  say  V 
and  V. 

Let  act  be  the  line  occupied  at  any  moment  by  a  series  of  diametrically 
placed  particles;  then  the  supposition  which  we  are  examining  will  be 
represented  by  assigning  to  these  particles,  after  the  lapse  of  a  definite 
unit  of  time,  some  new  position,  a'  c'  b',  in  which  a  a'  and  b  V  will  repre- 
sent the  effective  velocity,  and  the  ordinates  of  the  curvilinear  are  a'  c'  b'  c' ' 
will  represent  the  excess  of  the  mean  over  the  effective  velocity,  or 
(V-V) 

Let  us  now  compare  with  this,  the  state  of  things  which  on  the  same 
supposition  will  similarly  ensue  in  a  pipe  of  larger,  say  quadrupled 
diameter,  under  the  same  hydraulic  gradient,  and  let  this  pipe  be  repre- 
sented by  C  D. 

In  this  case,  since  by  the  formula  the  velocity  is  as  the  square  root  of 
the  diameter,  the  effective  and  the  mean  velocities  will  alike  be  doubled ; 
and  a  series  of  displacements,  throughout  equal  to  those  which  take  place 
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during  the  unit  of  time  in  the  small  pipe,  will  take  place  during  half  that 
unit  in  the  larger  pipe. 

Forming  a  diagram  on  this  basis,  we  shall  have  a  a'  =o  a',  and  so  on 
throughout. 

Now  it  appears  to  me  difficult  to  believe  that  the  particles  along  the 
line  a  P'y',  which  has  a  quadrupled  length,  and  therefore  presumably  a 
greater  mobility,  in  the  larger  pipe,  will  not  be  bent  forward  in  the  middle 
through  a  wider  space  than  the  particles  along  a'  c'V  have  been  bent  for- 
ward in  the  smaller  pipe,  which  are  all  so  much  nearer  to  the  restraining 
surface.  Or  to  place  the  difficluty  in  a  more  definite  shape,  if  we  mentally 
picture  to  ourselves  within  the  larger  tube,  the  conditions  of  a  central 
column  of  water  having  the  same  diameter  as  the  smaller  tube,  as  indicated 
by  the  dotted  lines,  I  do  no  see  why  we  ought  not  to  expect  that  central 
column  to  glide  forward  as  rapidly  past  the  moving  particles  which  imme- 
diately surround  it,  as  the  similarly  placed  particles  in  the  smaller 
tube  glide  forward  within  the  fixed  surface  of  the  tube  ;  unless  it  be  more 
difficult  for  particles  of  fluid  to  slide  past  one  another,  than  for  them  to 
slide  past  a  fixed  surface. 

Viewing  the  matter  in  this  light,  I  am  led  to  the  conclusion  that  there 
is  no  real  justification  for  the  idea  of  discontinuity  in  the  velocity  where 
the  water  meets  the  surface,  and  that  the  "  state  of  motion"  must  really 
consist  of  a  graduated  series  of  velocities  increasing  from  the  circumference 
to  the  centre,  annulus  sliding  within  annulus,  and  the  resisting  force  being 
a  function,  not  of  some  arbitrarily  assumed  effective  absolute  velocity,  but 
of  the  relative  velocities  of  contiguous  particles. 

This  crude  suggestion  may  he  framed  into  a  more  intelligible  hypothesis, 
if  embodied  in  a  diagram  which  presents  it  under  a  somewhat  different 
aspect. 

Let  A  A',  B  B',  fig.  2,  be  two  planes  of  infinite  extension,  guided  so  as 
to  move  edgewise  parallel  to  one  another,  and  moving  with  equal  uniform 
velocities  in  opposite  directions,  the  intervening  space  being  filled  with 
water.  Then  when  the  state  of  intervening  motions  and  forces  has  become 
established,  there  are  several  consequences  of  the  supposition  which  may 
at  once  be  regarded  as  certain. 

In  the  first  place,  each  plane  will  experience  a  definite  resistance  per 
square  foot  the  same  throughout  along  its  line  of  action,  and  the  same  for 
both;  and  these  equal  and  opposing  forces  must  he  somehow  transmitted 
from  the  one  plane  to  the  other,  square  foot  by  square  foot,  through  the 
intervening  water,  maintaining  in  it  a  definite  constant  state  of  motion. 

In  the  next  place,  the  particles  in  absolute  contact  with  each  plane  will 
be  moving  witli  the  velocity  of  the  plane. 

Further,  the  line  of  particles  midway  between  the  planes  must  be  sta- 
tionary, since  it  is  symmetrically  situated  with  reference  to  the  two  equal 
and  oppo.-ite  motions  and  forces. 

And  lastly,  any  intervening  particle  on  either  side  of  the  central  line, 
mu4  he  moving  with  some  graduated  velocity,  accordant  with  that  of  the 
plane  to  which  it  is  nearest. 

Now  if  tin;  planes  be  so  free  from  roughness  as  to  be  incapable  of  im- 
parting lateral  impulse  to  the  water,  it  seems  char  that  the  growth  of 
velocity  on  either  side  of  the  central  line  must  be  uniform  as  we  recede  from 
the  centre.  For  if  we  imagine  the  intervening  fluid  as  consisting  of  suc- 
cessive parallel  layers  of  equal  thickness,  each  layer  must  be  so  moving 
past  the  contiguous  layer  as  to  transmit  to  it,  square  foot  by  square  foot, 
that  identical  force  which  is  experienced  as  resistance  by  the  boundary 
planes.  And  it  would  seem  therefore  that  layer  a  must  be  passing  player  b 
as  fast  as  layer  b  is  passing  layer  a,  and  so  on  throughout.  The  ordinates 
of  the  triangular  spaces  shown  on  either  side  of  the  centre,  will  thus  repre- 
sent the  respective  velocities  of  the  corresponding  particles. 

If  this  view  he  sound,  it  follows  that  were  we  to  establish  a  third  plane 
C  C  making  the  distance  15  C  (lay)  =  i  A  I),  and  were  we  to  assign  to 
this  plane  a  coinformHhle  velocity  double  that  of  the  plane  B  B',  and  let 
the  intervening  space  be  filled  with  fluid,  carrying  on  the  established  growth 
of  velocity  as  before,  in  a  continued  series  to  the  outer  plane,  we  should, 
under  these  circumstances,  transmit  to  that  outer  plane  exactly  the  same 
force  per  square  toot  as  that  experienced  on  the  original  planes;  and  the 
plane  1'.  B'  would  meanwhile  assume  merely  the  condition  of  one  of  foe 
intervening  layers  of  fluid,  becoming  a  mere  neutral  instrument  in  th. 
transmission  of  force  and  motion.  We'  should  thus  have,  ••■■<  the  plane 
0  C,  moving  with  an  absolutely  douhle  velocity,  only  the  same  velocity 
relatively  to  the  contiguous  water,  and  only  the  same  force  pi  r  squat 
as  on  the  plane  A  A',  moving  with  the  simile  velocity. 

Thus  it  would  seem  that  the  so-called  farce  of  friction  imiv  he  more  pro- 
perly regarded  rather  .1-  "  resistance  i"  ■  :.  formation"  Hem  as  "  friction"  in 
the  usual  sense  of  the  term,  ami  that  its  measure  depends  not  on  the  abso- 
lute velocity  of  the  moving  lid  surface  which  initiates  the  deformation, 
hut  on  the  rate  at  which  the  deformation  is  transmitted  from  layer  to 
layer.  Thus  though  the  doubled  velocity  of  th.'  plane  C  C  subject 
no  enhanced  resistance,  since  the  rate  of  transmitted  i  in  is  in  that 

if  we  bad  doubled  the  velocities  of  the  two  original 

planet  A  A',  1!  li',  we  should  have  enhanced  the  rate   of  '.i  n. -milled  dl  for- 


mation, and  in  some  degree,  as  yet  unknown,  we  should  have  also  enhanced 
the  resistance. 

We  have  thus  to  regard  the  resistance  as  governed  by  what  we  may  term 
the  "angle  of  deformation,"  say?,  which  might  be  defined  as  the  change 
of  angular  position  which,  in  a  given  infinitesimal  unit  of  time,  the  relative 
motions  of  two  closely  contiguous  particles,  impose  on  a  line  which  at  the 
commencement  of  the  interval  was  at  right  angles  to  the  iine  of  motion  ; 
thus  expressing  the  space  by  which  during  the  assumed  interval  of  time 
dt  any  particle  in  the  line  E  E',  Fig.  3,  is  carried  past  its  opposite  particle 
in  D  D',  in  terms  cf  the  interval  between  the  lines.  The  resistance  will 
probably  be  some  function  of  <t>. 

In  the  case  of  the  infinitely  extended  parallel  planes  just  now  con- 
considered,  o  was  constant  through  the  whole  intervening  space.  But 
in  the  case  where  a  plane  is  being  inlruded  into  a  volume  of  sta- 
tionary particles,  ?  will  be  found  to  vary  in  terms  of  //.  the  lateral 
distance  between  the  particles  concerned  and  the  plane,  as  well  as 
in  terms  of  s,  the  distance  along  the  plane.     And  at  any  distance   along 

the  plane  I  — —  )  will  contain  a  measure   of  the  varying  force  which  pene- 

'  \  dh  I 
trates  the  surrounding  fluid,  so  far  as  this  has  become  affected  by  the  motion, 
and  will  thus  also  contain  a  measure  of  the  accelerating  force  which  actuates 
the  intervening  layer ;  because  it  expresses  how  much  greater  a  force  is 
dragging  the  layer  forward  on  one  face,  than  is  draggiug  it  backward  on 
the  other.     This  state  of  things  is  represented  in  Fig.  1. 

From  this  mode  of  viewing  the  subject,  it  would  follow  that  when  a 
plane  of  considerable  length  is  moving  edgewise  through  undisturbed 
water,  a  square  foot  of  surface  at  its  head-end,  must  experience  a  greater 
resistance  than  one  near  its  stern-end,  because  the  force  exerted  by  the 
head-end  has  already  imposed  force  and  motion  on  the  particles  which  flow 
past  it,  and  the  state  of  motion  must  have  spread  into  the  surrounding 

fluid,  so  that  at  the  stern-end  the  value  of  <?  and  of  I  -^-~-  I    will  both  be 

less  than  at  the  bend-end. 

Were  the  law  of  force  in  terms  of?  known,  it  would  be  possible  to  con- 
struct a  differential  equation  which  would  show  the  rate  of  accumulation 
of  the  current  along  the  side  of  the  plane,  and  its  penetration  into  the 
surrounding  fluid. 

That  some  such  correction  of  the  usual  views  on  the  subject  is  required, 
appears  to  mo  to  he  inevitably  involved  in  the  fact  that  the  growing  cur- 
rent I  refer  to,  visibly  as  well  as  necessarily  exists. 

It  seems  a  paradox  to  say  that  the  stem-end  can  experience  as  much 
force  per  square  foot  as  the  head-end,  where  there  exists  a  favourable  cur- 
rent of  considerable  velocity  and  of  considerable  thickness  alongside  the 
hitter.  It  is  equivalent  to  saying  that  were  we  to  plunge  a  plant 
into  this  favouring  current  it  would  experience  as  much  resistance  8S  if  we 
plunged  it  into  the  as  yet  undisturbed  water  outside  the  enn 

I  may  add  that  of  all  the  conditions  affecting  the  resistance  of  a  ship, 
this  alone  seems  to  me  to  perplex  the  comparison  hi  twean  the  ri  sistanoe  of 
a  ship  and  of  a  model  similar  to  the  ship;  but  it  must  equally  perplex  the 
comparison  between  the  resistance  of  similar  ships  .,['  different:  sizes;  and 
the  law  which  governs  the  condition  will  he  readily  determinable  bj 
pcriincnt. 


RAILWAY  PASSENGKR  AND  GUARDS'  COMMUNICATION. 
By  Me.  S.  A.  Vaults'. 

Mr.  S.  A.  Varley  remarked  that  the  subject  was  one  which  bad  occupied 
considerable  attention,  and  he  thought  the  points  he  would   now  lav  he- 
fore  them  would  he  of  some  interest.    IK-  proceeded  to  deacribs  bii 
of  communication  which  was  applied  in   L866,  and  is  at  the  present  time 
in  use  on  the  royal  train  in   which   Hit-   Maji  .1   from  the 

north.    There  appt  axed  to  he  a  belief  t  "  the  part  •■!  ■  ime  (bul  bj  no  menu 

all)  of  liii'  railway  authorities,  that  Owing  to  the  subtle  n  it  arc  ofell  etri.  ity 

it  would  not]  answer  tin  purpose  of  train  intercommunication.  But  thin 
opinion  he  the  tained  by  those  who  did  not  km 

progress  thai  bad  been  made  of  late  yean  in  eleotrioity.  [hi  onlj  dlffl- 
culty  in  the  matter  was  the  mechanical  construction  ox  an  apparatus  :> 
answer  the  purpose.     ■  by  the  railway  autfa 

should  he  simple  and  i..t  liable  to  disarrangement,  pa  old  be 

Uy  1 1  signal  to  the  guards  cy,  nud  th"  apparatus  should 

otive  so  as  to  prevent  trifling.  Besides  tin  —  fortbeaakeof  economy 
-  it  should  be  easy  of  removal,  eo  thai  one  apparatus  should  nol 
sarily  he  confined  t  . .  i  ms  h»<l 

plied.     'H"'  Aral  on  the  list  WSJ  that  ol  Mr.  !'"■ 
use  on  the  London  Railway  ;  th"  *•  i 

[n  use  on  thi  »nd  'he  third  that  Invi  nted  by 

Mr.  Marty n,  with  whom  be  (Mr.  Varley)  »  '•  which  was 

■ 
;.,;,!  down  1  '•>  'he 


260 


THE  ABTIZAN. 


[November  1,  1869. 


mechanical  construction  of  the  couplings,  the  alarums,  the  carriage  sig- 
nalling apparatus,  and  the  galvanic  batteries.  He  would  not  discuss  their 
respective  merits  but  merely  describe  the  system  with  which  he  was  con- 
nected. It  appeared  that  an  insulated  wire  ran  along  under  the  carriages 
which  communicated  with  a  battery  iu  the  guard's  van,  and  another  on 
the  engine.  Two  insulated  wires  from  each  compartment  were  connected 
with  the  one  under  the  carriages,  and  these  were  attached  to  a  handle  in 
each  compartment.  This  handle,  on  being  pulled  out  (and  which  would 
not  again  go  back  without  a  key),  set  the  electric  apparatus  in  motion, 
striking  a  bell  in  the  guard's  van  and  on  the  engine,  which  would  not  stop 
ringing  until  the  handle  pulled  by  the  passenger  raising  the  alarm  was 
put  back  in  its  place  by  the  guard  in  possession  of  the  key  for  that  purpose. 
The  insulated  wire  running  under  the  carriages  was  in  reality  seven  wires 
in  one  coil,  which  were  covered  with  a  flexible  material  and  found  to  be 
very  durable,  and  not  likely  to  break  on  going  round  curves,  which  was 
one  great  objection  to  the  ordinary  "rope  system."  The  maintenance  of 
his  system  was  very  simple  and  the  cost  nominal.  No  electric  knowledge 
was  necessary  in  testing  the  different  portions  of  the  system  as  all  the 
operations  are  purely  mechanical.  The  batteries  continue  to  work' two  or 
three  months  without  attention,  and  warning  of  any  failing  is  given  by 
the  fainter  working  of  the  bell.  This  system,  at  the  request  of  the  Board 
of  Trade,  was  fitted  up  in  a  train  running  daily  from  London  to  Wolver- 
hampton— 250  miles.  The  train  was  started  from  all  stations  at  which  it 
stopped  by  means  of  the  apparatus,  and  its  working  reported  by  the  guards 
in  their  daily  reports.  The  apparatus  was  tested  daily  twenty-two  times, 
and  its  performauce,  as  shown  by  those  reports,  has  been  marked  by  the 
most  unvarying  regularity. 


A  NEW  AND  ECONOMICAL  METHOD  FOR  EFFECTING  THE 
EXTRICATION  AND  CONDENSATION  OF  AMMONIA  FROM 
GAS  LIQUOR  FOR  PURPOSES  OF  CHEAP  CARRIAGE,  AND 
FOR  FACILITATING  THE  MANUFACTURE  OF  AMMONIA- 
CAL  SALTS. 

By  Feedeeick  Beaby,  F.G.S. 

It  is  but  a  very  few  years  siuce  that  the  various  bye-products  obtained 
from  the  manufacture  of  coal  gas  were  not  merely  a  drug  in  the  market, 
but  proved  an  absolute  nuisance  to  the  manufacturer  and  to  the  general 
public 

Coal  tar  was  even  burnt  under  the  retorts,  or  was  introduced  therein  for 
for  the  production  of  gas;  and  gas  liquor  was  commonly  given  away  to 
anyone  whose  ingenuity  might  enable  him  to  turn  it  to  a  useful  pur- 
pose. 

But  the  progress  of  science  in  this,  as  in  other  cases,  soon  discovered  ap- 
plications where  none  were  supposed  to  exist. 

Frcm  coal  tar  are  not  only  now  obtained  naphtha,  benzol,  carbolic  acid, 
and  other  valuable  derivatives,  but  also  the  brilliant  and  diversified  colours 
of  what  are  called  aniline  dyes  are  obtained  from  the  same  source.  The 
ammoniacal  liquor,  too,  to  which,  on  the  present  occasion,  I  desire  to  be 
favoured  with  your  attention,  is  now  not  only  not  given  away  in  the 
Metropolitan  and  other  districts,  but  in  certain  localities  the  greatest 
competition  exists  for  its  acquisition.  It  at  present  constitutes,  in  this 
country,  the  principal  source  of  ammonia,  and,  consequently,  of  the  am- 
moniacal salts,  which  are  so  usefully  and  so  successfully  applied  in  the  arts, 
and  more  especially  to  agriculture.  In  London  and  its  neighbourhood, 
the  purchase  of  the  residuary  products  of  the  various  gas  companies  is 
eagerly  sought  after,  and  it  is  now  considered  a  privilege  to  be  allowed 
permission  to  tender  for  them  for  the  term  of  one,  two,  or  more  years' 
supply.  Practically,  the  tar  and  gas  liquor  trade  is  in  the  hands  of  a 
few  parties  jealously  desiring  to  exclude  outsiders,  who  thus  find  it  ex- 
tremely difficult  and  often  absolutely  impossible  to  obtain  even  a  few 
thousand  gallons. 

The  object  of  the  present  communication  is  to  show  how  the  demand  for 
gas  liquor  which  so  far  exceeds  the  means  of  actual  supply  can  be  met.  It 
is  to  show,  moreover,  that  by  condensation  and  reduction  of  bulk  for  trans- 
port, small  and  remote  gas  works  may  be  enabled  to  utilise  and  export 
their  residual  products  at  a  profit ;  and  above  all,  how,  by  the  introduction 
of  certain  improvements,  the  quantity  of  ammonia  as  produced  and  utilised 
from  the  manufacture  of  gas,  may  be  practically  increased  from  ten  to 
fiftyfold. 

The  strength  of  gas  liquor  is  commonly  specked  in  the  various  tenders 
as  technically  6  oz.  The  prefix,  denoting  the  number  of  ounces,  refers  to 
each  gallon  of  the  liquor,  and  does  signify  the  number  of  ounces  of  am- 
monia that  are  present,  hut  the  number  of  ounces  of  sulphuric  acid  which 
would  be  required  to  neutralise  the  ammonia.  Consequently  a  butt  of  108 
gallons  of  6-oz.  liquor  implies,  by  calculation,  that  108  times  6  ozs.  or 
40  lbs",  of  sulphuric  acid  arc  required  to  saturate  the  whole  quantity.  Now 
it  is  found  in  practice  that,  if  we  divide  the  quantity  of  sulphuric  acid 
by  three,  we  shall  get  at  the  quantity  of  ammonia  actually  present.  This 
result  closely  agrees  with  theory,  the  equivalent  of  dry  ammonia  being  17, 


and  that  ofmonohydrated  sulphuric  acid  (oil  of  vitriol)  being  49  ;  the  pro- 
portion is  very  nearly  1  in  three.  It  follows,  therefore,  that,  as  40  lbs.  of 
sulphuric  acid  are  required  to  saturate  a  butt  of  6-oz.  liquor,  so  one-third  of 
this  or  little  more  than  13  lbs.  of  real  ammonia  are  contained  in  this  im- 
mense quantity  of  liquid  and  merchantable  product,  weighing  as  it  does  in 
the  aggregate  no  less  than  1,107  lbs.,  or  half  a  ton.  On  referring  to  the 
ordinary  commercial  standard,  viz.,  of  6  ozs.  to  the  gallon,  6  ozs.  of  sul- 
phuric acid  divided  by  3  gives  2  ozs.  of  ammonia  as  the  entire  quantity 
present.  Now  a  gallon  of  the  gas  liquor  weighs  10  lbs.,  and,  if  the  lbs.  be 
multiplied  by  16  to  reduce  them  to  ounces,  we  have  a  total  of  160  ozs.y 
containing  only  2  ozs.  of  real  ammonia,  or  1  oz.  to  80  ozs.  of  water. 

The  result  of  this  is,  practically,  to  prohibit  the  transport  of  gas  liquor 
over  any  but  moderate  distances,  because,  in  its  present  form,  for  every 
ton  of  real  ammonia  carried  by  barge,  tank-cart,  or  otherwise,  no  less  than 
80  tons  of  water  must  be  carried  for  no  other  purpose  but  as  a  solvent.  It 
must  not  be  inferred,  however,  that  the  whole  of  these  80  tons  of  water  is 
waste  carriage.  Ammonia  in  a  free  state  cannot  he  conveniently  carried, 
except  when  dissolved  in  a  certain  quantity  of  water.  It  would  not  be 
judicious  to  concentrate  the  ammonia  to  a  higher  degree  than  0'900,  since, 
if,  in  course  of  carriage,  it  were  subjected  to  any  degree  of  heat,  the  water 
at  an  elevated  temperature  would  disengage  some  of  the  NH3  held  in 
solution,  and  such  a  disengagement  of  ammonia  might  be  attended  with 
dangerous  results.  A  very  useful  and  safe  solution  for  all  purposes  of 
transit  would  be  about  one  part  by  weight  of  ammonia  to  four  parts  ot 
water ;  this  would  reduce  the  present  cost  of  carriage  for  this  important 
article  no  less  than  twenty  times,  or,  in  other  words,  the  transit  of  a 
certain  quantity  of  ammonia  over  a  certain  distance  costing  now  £20  would, 
if  conveyed  in  the  above  concentrated  form,  be  reduced  to  20s.  This  scale 
of  reduction  would  at  once  enable  it  to  be  carried  by  rail  in  petroleum  or 
other  barrels,  or  in  tank-trucks,  or  otherwise,  and  would  bring  the  numerous 
gas  works  which  are  scattered  over  the  United  Kingdom  within  economical 
transport  of  the  centres  of  manufacturing  industry,  so  that  this  important 
bye-product  of  gas-making  might  be  utilised  for  the  general  good,  and  be 
not  so  extensively  wasted  as  has  been,  and  is  now,  frequently  the  case. 

In  order  to  effect  this  desirable  object,  I  recently,  in  conjunction  with 
Mr.  Baggs,  secured  a  patent  for  effecting  the  necessary  concentration  of 
ammonia  by  certain  novel  means,  which  promise  in  practice  to  prove  far 
more  rapid  and  economical  that  any  hitherto  employed.  The  process  may 
be  shortly  described  as  follows : — To  the  common  ammoniacal  gas  liquor  a 
certain  quantity  of  slacked  lime  is  added.  The  liquor  thus  treated  is 
placed  in  a  capacious  boiler  or  still  containing  from  four  to  five  thousand 
gallons.  The  whole  is  then  heated  and  maintained  at  a  temperature  of 
from  100°  to  200°  F.,  the  liquor  being  slowly  but  constantly  stirred  by 
means  of  an  internal  agitator,  the  spindle  of  which  passes  through  a  stuffing 
box  in  the  end  of  the  boiler.  A  powerful  blast  of  air  from  a  double-action 
force-pump  actuated  by  a  small  steam  engine  or  otherwise,  is  blown  con- 
tinuously through  the  liquor.  The  air  enters  by  two  long  perforated  pipes 
placed  near  the  bottom  of  the  boiler,  and  in  its  upward  passage  it  is  com- 
pelled to  pass  through  a  horizontal  diaphragm  drilled  with  numerous  small 
holes.  The  result  of  this  arrangement  being  that  the  air,  in  its  ascent,  is 
subdivided  into  innumerable  small  sheaves  and  bubbles,  to  each  and  all  of 
which,  in  accordance  with  well-known  and  recognised  laws,  the  ammonia 
attaches  itself  and  is  carried  away  with  only  a  very  small  proportion  of 
aqueous  vapour.  An  exit  pipe  is  fixed  to  the  top  of  the  boiler,  so  as  to 
carry  away  the  mixture  of  air  and  ammonia,  and  the  extremity  of  this 
pipe  dips  into  a  supply  of  water  contained  in  a  cold  and  suitable  receiver, 
where  the  ammonia  is  immediately  absorbed,  and  the  air  after  thus  effecting' 
its  removal  in  a  separate  state  escapes  through  the  water  and  is  permitted 
to  pass  off  into  the  atmosphere.  The  condensers  are  generally  arranged 
like  a  series  of  what  are  known  as  Woulfe's  bottles,  but  for  the  purpose  of 
obtaining  great  strength  and  purity,  this  arrangement  may  be  superseded 
in  the  manner  following. 

{To  he  continued). 
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BAKERIAN    LECTURE.  — ON    THE   CONTINUITY   OF    THE 
GASEOUS  AND  LIQUID  STATES  OF  MATTER. 

By  Thomas  Andeews,  M.D.,  F.R.S.,  &c. 
(Abstract.) 
In  1863  the  author  announced,  in  a  communication  which  Dr.  Miller  had 
the  kindness  to  publish  in  the  third  edition  of  his  "  Chemical  Physics," 
that  on  partially  liquefying  carbonic  acid  by  pressure,  and  gradually  raising 
at  the  same  time  the  temperature  to  about  88°  Fahr.,  the  surface  of  demar- 
cation between  the  liquid  and  gas  became  fainter,  lost  its  curvature,  and 
at  last  disappeared,  the  tube  being  then  filled  with  a  fluid  which,  from  its 
optical  and  other  properties,  appeared  to  be  perfectly  homogeneous.  The 
present  paper  contains  the  results  of  an  investigation  of  this  subject,  which 
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has  occupied  the  author  for  several  years.  The  temparature  at  which 
carhonic  acid  ceases  to  liquefy  by  pressure  he  designates  the  critical 
point,  and  he  finds  it  to  be  30o,92  C.  Although  liquefaction  does  not 
occur  at  temperatures  a  little  above  this  point,  a  very  great  change  of 
density  is  produced  by  slight  alterations  of  pressure  and  the  flickering 
movements,  also  described  in  1863,  come  conspicuously  into  view.  In  this 
communication,  the  combined  effects  of  heat  and  pressure  upon  carbonic 
acid  at  temperatures  varying  from  13°  C.  to  43°  C,  and  at  pressures  rang- 
ing from  48  to  109  atmospheres ,  are  fully  examined. 

At  13°-1  C,  and  under  a  pressure,  as  indicated  approximately  by  the 
air  manometer,  of  48'89  atmospheres,  carbonic  acid,  now  just  on  the  point 
of  liquefying,  is  reduced  to  j$.g  of  the  volume  it  occupied  under  one 
atmosphere.  A  slight  increase  of  pressure,  amounting  to  ^  of  an  atmos- 
phere, which  has  to  be  applied  to  condense  the  first  half  of  the  liquid,  is 
shown  to  arise  from  the  presence  of  a  trace  of  air  (tuVo  part)  in  the  car- 
bonic acid.  After  liquefaction,  the  volume  of  the  carbonic  acid,  already 
reduced  to  about  ^^u  of  its  original  volume,  continues  to  diminish  as  the 
pressure  augments,  and  at  a  much  greater  rate  than  in  the  case  of  ordinary 
liquids.  Similar  results  were  obtained  at  the  temperature  of  21°-5.  A 
third  series  of  experiments  was  -made  at  310,1,  or  00-2  above  the  critical 
point.  In  this  case  the  volume  of  the  carbonic  acid  diminished  steadily 
with  the  pressure,  till  about  74  atmospheres  were  attained.  After  this,  a 
rapid  hut  not  (as  in  the  case  of  liquefaction)  abrupt  fall  occurred,  and  the 
volume  was  diminished  to  one-half  by  an  additional  pressure  of  loss  than 
two  atmospheres.     Under  a  pressure  of  75-4  atmospheres,   the  carbonic 


on  each  curve,  undergo  the  changes  of  volume  indicated  by  the  form  of  the 
curve.  The  figures  at  the  top  and  bottom  indicate  the  approximate  pres- 
sures in  atmospheres ;  the  volumes  of  the  gas  and  air  are  measured  up- 
wards from  the  dotted  horizontal  line. 

The  author  has  exposed  carbonic  acid,  without  making  precise  measure- 
ments, to  higher  pressures  than  any  of  those  mentioned,  and  has  made  it 
pass,  without  breach  of  continuity,  from  what  is  universally  regarded  as 
the  gaseous  to  what  is,  in  like  manner,  universally  regarded  as  the  liquid 
state.  As  a  direct  result  of  his  experiment*,  he  concludes  that  the  gaseous 
and  liquid  states  are  only  widely  separated  forms  of  the  same  condition  of 
matter,  and  may  be  made  to  pass  into  one  another  by  a  series  of  gradations 
so  gentle  that  the  passage  shall  nowhere  present  any  interruption  or  breach 
of  continuity.  From  carbonic  acid  as  a  perfect  gas,  to  carbonic  acid  as  a 
perfect  liquid,  the  transition  may  be  accomplished  by  a  continuous  pro- 
cess, and  the  gas  and  liquid  are  only  distant  stages  of  "a  long  series  of  con- 
tinuous physical  changes.  Under  certain  conditions  of  temperature  and 
pressure,  carbonic  acid  finds  itself,  it  is  true,  in  a  state  of  instability,  and 
suddenly  passes,  without  change  of  pressure  or  temperature,  but  with  the 
evolution  of  heat,  to  the  condition  which,  by  the  continuous  process,  can  only 
be  reached  by  a  long  and  circuitous  route. 

The  author  discusses  the  question  as  to  what  is  the  condition  or  state  of 
carbonic  acid  when  it  passes  at  temperatures  above  31°  from  the  ordinary 
gaseous  state  down  to  the  volume  of  the  liquid,  without  giving  anv  evi- 
dence during  the  process  of  the  occurrence  of  liquefaction,  and  arrives  at 
the  conclusion  that  the  answer  to  this  question  is  to  be  found  in  the  inti- 
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acid  was  reduced  to  Tt]x  of  its  original  volume  under  one  atmosphere. 
Beyond  this  point  it  yielded  very  slowly  to  pressure.  During  the  stage 
of  rapid  contraction  there  was  no  evidence  at  any  time  of  liquefaction 
having  occurred,  or  of  two  conditions  of  matter  being  present  in  the  tube. 
Two  other  series  of  experiments  were  made,  one  at  32°-5,  the 'other  at 
85e,6,  with  the  same  general  results,  except  that  the  rapid  fall  became 
less  marked  ni  the  temperature  was  higher.  The  experiments  at  35°'5 
were  carried  as  far  as  107  atmospheres,  at  which  pressure  the  volume  of 
carbonic  acid  was  almoit  the  same  as  that  which  it  should  have  occupied 
if  it  had  been  derived  directly  from  liquid  carbonic  acid,  according  to  the 
law  of  the  expansion  of  that  body  for  I. 

The  last  series  of  experiments  was  made  at  48°-l,  and  extended  from 
62-6  to  Id  pi. ores  of  pressure.     The   results  arc    very  interest  inc, 

inasmuch  aa  the  rapid  foil  exhibited  at  lower  temperatures  has  slmi  it,  it 
not  altogether,  disappeared,  and  the  curve  representing  the  changes  of 
volume  approximates  closely  to  that  of  a  gag  following  the  law  of  Mai 

The  diminution  of  volume  is   at.  the  same  ti much  greater  than    if  tint 

law  held  good. 

The  result  cribed  are  presented  in  a  graphical   form  in  the 

figure  given  below.  Equal  volumes  of  air  and  carbonic  acid,  measured  at 
0°  C.  and  760  roillcmetres,  when  compressed  at  the  temperatures  marked  I 


mate  relations  which  subsist  between  the  gaseous  and  liquid  states  of 
matter.  In  the  abrupt  change  which  occurs  when  the  gases  are  compressed 
to  a  certnin  volume  at  temperatures  below  the  critical  point,  molecular 
forces  are  brought  into  play,  which  produce  ■  sudden  change  of  volume, 

and  during  this  process  it  is  easy  to  distinguish,  by  optica]  characters,  the 
carbonic  acid  which  has  collapsed  from  that  which  has  not  changed  its 
volume.      Hut  when  the  same  change  is  effected  DJ  the  continuous  pn  i 

the  carbonic  acid  passes  tbrougl editions  which  lie  between  the  ordinary 

gaseous  and  ordinary  liquid  States,  and  which  we  have  no  valid  grounds 
for  referring  to  the  one  state  rather  than  to  the  pthl  r. 

Nitrous    oxide,    hydrochloric  acid,    ammonia,    -ulphurio   ether,  Milph'in  t 

of  carbon,  all  i  ihibited  critical  points  when  exposed  under  pressure  to  the 

required  temperatures. 

The  author  proposes  for  the  present  arbitrary  distinction  between  n- 
to  confine  the  term  vapour  bo  gaseous  bodies  a1  tern] 
below  their  critical  points,  and  which  therefore  con  be  liquefied  bj 
md  Liquid  may  exUrl  In  the  tame  vessel  In  \ 

one  another. 

The  i ibis  continuity  of  the  liquid  and 

blem  of  far  greab  r  difficulty  than  thai  which  forms  I 

id  as  one  which  cannot  be  received  iritiiout  careful  In vs 
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REVIEWS  AND  NOTICES  OF  NEW  BOOKS. 

We  have  received  the  following  works  recently  issued  by  M.'Eugene  LaCroix, 
Paris,  the  celebrated  French  publisher  of  Scientific,  Industrial,  and  Agri- 
cultural Works,  who  is  also  the  publisher  to  the  "  Societe  des  Ingenieurs 
Civils." 

1.  Industries  Anciennes  et  Modernes  da  VEmpire  chinois,  d'apres  des  notice* 
traduites  du  chinois,  par  M.  Stanislaus  Julien,  Membre  de  I'Institut,  et  ac- 
compagnies  de  notices  industrielles  et  scientifiques,  par  M.  Paul  Champion. 
Preparateur  de  Chimie  au  Conservatoire  des  Arts  et  Metiers  a  I'Ecole  centrale 
des  arts  et  manufactures,  Professeur  de  Chimie  a  V Association  Polytechniquc, 
Ancitrme  Delegue  de  la  Societe  d'acclimatation  en  Chine  et  en  Japan. 

The  work  of  M.  Stanislaus  Julien  under  notice  cannot  fail  to  be  interesting 
to  everyone,  but  especially  so  to  the  student  of  Eastern  life  and  customs.  In 
its  pages  are  minutely  narrated  processes  of  the  manufacture  of  the  numer- 
ous productions  of  the  Celestial  Empire,  with  which  v>  e  are  so  familiar, 
and  of  the  fabrication  of  which  we  know  so  little.  In  the  preface  the  author 
gives  a  slight  sketch  of  the  first  intercommunication  of  the  Western  nations 
with  the  great  Chinese  Empire.     He  says  : — 

"  It  was  in  the  year  1514  that  the  Portuguese  obtained  from  the  Em- 
peror Ou-tsoung  permission  to  form  a  trading  station  at  Macao.  At  this 
epoch  it  may  safely  be  asserted  that  European  industry  and  manufactures 
were  at  their  lowest  ebb,  and  it  can  be  readily  understood  that  the  atten- 
tion of  Western  nations  was  greatly  attracted  to  the  articles  of  manufac- 
ture then  imported,  the  beautiful  workmanship  and  elaborate  finish  of 
which  displayed  a  degree  of  civilisation  in  the  East  till  then  scarcely 
dreamt  of." 

The  author  then  describes  the  numerous  manufactures  in  which  the 
Chinese  excel,  detailing  the  various  processes  with  a  minuteness  which  can 
only  have  been  attained  by  means  of  long  continued  personal  observation. 
They  are  arrayed  under  the  following  divisions  : — Combustibles,  salt,  sulphur, 
saltpetre,  talc,  gunpowder,  glass,  soda,  mineral  and  vegetable  colours,  gold, 
silver,  tin,  zinc,  copper,  iron,  steel,  and  mercury,  mirrors,  gongs,  clocks, 
varnishes,  laquers,  vegetable  and  animal  waxes,  paper,  engraving  and  print- 
ing, textile  fabrics,  agriculture,  the  cultivation  and  manufacture  of  tea, 
sugar,  rice,  indigo,  the  food  of  the  natives,  and  many  other  items,  the  mere 
•enumeration  of  which  would  extend  this  notice  to  a  greater  length  than 
•our  space  will  admit  of. 

We  can  only  recommend  our  readers  to  a  careful  perusal  of  this  very 
interesting  work.  The  right  of  translation  is  reserved,  but  we  should  be 
glad  at  an  early  date  to  hear  of  an  English  translation. 

The  other  works  received  are  : — 

2.  Guide  pratique  a" Agriculture  generale,  par  A.  Gobri,  Professeur  de  Zoo- 
technie,  ancien  Directeur  de  Colonie  agricole  penitentiare,  Membre  Corre- 
spondent de  la  Societe  a" Agriculture  d'Orleans,  Src. 

3.  Guide  pratique  de  VOuvrer,  par  M.  A.  Ortolan,  Mecanicien  en  chef  de  la 
JPlotte,  avec  la  Collaboration  de  MM.  Ponnefoy,  Cochey,  Dinee,  Gebert,  Gui- 
pont,  Juhel,  Mecaniciens  de  la  Marine,  ex-eleves  des  TScoles  d'arts  et  Metiers. 

We  shall  merely  acknowledge  the  receipt  of  the  two  latter  exceedingly 
useful  and  most  excellent  works  ;  but  want  of  space  compels  us  to  reserve 
our  review  of  them  till  next  month. 


©ftttuarg. 

THE  LATE  MR.  JOHN  ELDER. 

We  most  sincerely  regret  having  to  chronicle  the  death  at  a  comparatively 
early  age  of  the  eminent  shipbuilder  and  engineer  Mr.  John  Elder.  The 
deceased  gentleman  was  only  forty-five  at  the  time  of  his  death,  which  took 
place  on  the  17 th  of  September  last. 

Mr.  Elder  appears  to  have  belonged  to  a  race  of  engineers,  his 
father,  Mr.  David  Elder,  having  obtained  a  world-wide  reputation 
as  manager  of  Mr.  Robert  Napier's  works,  while  both  his  brothers  are 
also  engineers.  The  subject  of  our  present  notice  was  the  second  son  of 
Mr.  David  Elder,  and  was  apprenticed  to  his  father  while  at  Mr.  Napier's, 
where  he  had  the  opportunity  of  learning  his  profession.  Here  he  soon 
distinguished  himself  by  his  aptitude  and  his  high  capacity  for  practical 
mechanics,  combined  with  an  enthusiastic  love  of  his  profession.  It  was 
while  at  Mr.  Napier's  he  had  the  opportunity  of  assisting  in  the  designing 
and  construction  of  many  of  the  finest  ocean  steamers  then  built,  amongst 
which  may  be  mentioned  the  celebrated  Cunard  liners.  Mr.  Elder,  how- 
ever, was  not  content  to  remain  an  employe,  even  in  such  a  large  firm,  but 
was  anxious  to  become  a  principal,  so  that  he  might  have  free  scope  for  his 
splendid  talents.  He  therefore  entered  into  partnership  with  Messrs. 
Randolph  and  Co.,  who  at  that  period  had  not  turned  their  attention  to 
marine  engineering;  but  after  that  time  the  new  firm  of  Randolph,  Elder, 
and  Co.  soon  commenced  to  build  marine  engines,  and  by  degrees,  as  a 
natural  outgrowth,  the  business  of  shipbuilding  was  also  undertaken. 

It  was  during  this  time  that  Mr.  Elder,  in  conjunction  with  Mr.  Ran- 
dolph, brought  ont  a  series  of  improvements  in  marine  engines  and  boilers, 


chiefly  directed  towards  those  'important  points  in  marine  engineering — 
economy  in  the  consumption  of  fuel  and  in  space.  Eor  this  purpose  compound 
engines  and  vertical  cylindrical  boilers  with  high  pressure  and  superheated 
steam  were  introduced.  As  our  readers,  however,  have  only  to  turn  to  the 
back  volumes  of  the  Artizan  to  find  complete  descriptions  of  these  im> 
provements,  it  is  needless  to  recapitulate  them  here.  It  was  only  about  a 
year  ngo  that  Mr.  Elder  startled  the  officers  of  our  navy  by  designing  a 
circular  ironclad  turret  ship,  a  full  description  of  which  has  also  appeared 
in  the  Artizan.  About  a  year  ago  Mr.  Elder's  partner  retired,  leaving 
him  single-handed  to  carry  on  one  of  the  most — if  not  the  most — gigantic 
businesses  of  this  description  in  the  world.  Scarcely,  however,  had  he 
arrived  at  the  height  of  his  ambition  when  a  serious  illness — abscess  in  the 
liver — compelled  him  to  retire  from  active  life  and  try  to  obtain  benefit  by 
visiting  Harrogate.  Finding  no  relief  from  the  waters  there,  he  came  to 
London  to  procure  the  best  medical  advice,  hut,  alas  !  it  was  of  no  avail. 
Mr.  Elder's  funeral  is  said  to  have  been  the  most  impressive  spectacle 
ever  seen  in  Glasgow.  About  1,500  engineers  and  38  cai-riages  in  front, 
and  about  2,000  shipbuilders  behind,  besides  the  whole  route  to  the  Necro- 
polis being  lined  with  people,  gave  sufficient  evidence  of  the  esteem  in 
which  he  was  most  deservedly  held. 

We  are  compelled  to  defer  until  our  next  publication  a  more  extended 
biographical  sketch  of  the  late  Mr.  John  Elder,  especially  in  relation  to  his 
scientific  career. 

■  ■ 
NOTES  AND  NOVELTIES. 


MISCELLANEOUS. 

Conservation  or  Wood  by  Solutions  oj?  Salts  op  Coppee.— M.  Morin  states  that 
he  has  in  his  possession  wooden  water-wheels  which  have  heen  in  use  for  more  than  1,500 
years  for  the  evacuation  of  water  from  a  copper  mine.  These  wheels  have  a  diameter  of 
6  metres;  and  on  a  portion  of  the  wood  being  analysed  by  M.  Payen,  it  was  found  to  be 
perfectly  sound,  and  to  be  partly  converted  into  a  compound  of  cellulose  and  copper, 
precisely  similar  to  that  which  is  formed  in  Boueherie's  process  for  the  preservation  of 
wood  by  sulphate  of  copper. 

The  "  [eon  Blacksmith."— A  Steubenville  mechanic  named  ¥m.  Kenyon  has  invented 
arid  has  now  m  operation  m  that  place,  a  very  marvellous  piece  of  mechanism,  which  he 
styles  the  Iron  Blacksmith. '  It  occupies  the  space  of  an  ordinary  sized  cask,  is  very 
compact,  is  driven  by  an  engine  of  herculean  strength,  and  the  machine  itself  is  of  almost 
incalculable  power.  It  is  at  present  constructed  for  the  manufacture  of  wrenches  used 
by  machinists,  gasfitters  more  particularly.  These  wrenches  are  produced  from  solid 
stee  ,  at  the  rate  of  one  every  three  seconds,  doing  the  work  in  three  seconds  which 
would  require  the  swiftest  and  most  expert  workman  a  whole  day  to  do,  besides  execut- 
ing the  work  much  better.  When  the  "  Iron  Blacksmith"  is  "  fully  armed  and  equipped," 
it  will  produce,  as  if  by  magic,  any  description  of  tool  or  implement ;  also,  chains,  horse- 
shoes, fingers  for  mowers  and  reapers,  all  with  the  same  facility  and  exactness;  in  fact, 
almost  every  article  which  now  comes  from  the  stalwart  blows  from  the  arm,  and  directed 
by  the  mental  ssill  and  ingenuity  of  the  intelligent  smith.  This  machine,  which  is  the 
result  of  many  years  of  thought  and  labour,  besides  an  expenditure  of  many  thousands 
01  dollars,  is  destined  to  revolutionise  the  smithing  trade.— Sharon  Times.     ' 

bciENTipic  Education  foe  Abtisans.— A  meeting  called  by  the  executive  committee 
ot  the  Yorkshire  Board  ot  Education  has  been  held  in  the  Civil  Court  of  the  Leeds  town- 
hall,  for  the  purpose  of  explaining  to  artisans  and  mechanics  the  Government  scheme  of 
scientific  education  The  mayor  was  in  the  chair,  and  several  gentlemen  interested  in 
the  welfare  of  the  classes  proposed  to  be  influenced,  including  Mr.  Carter  M.P.,  and  the 
vicar,  were  present.  Resolutions  were  passed  affirming  the  necessity  of  special  scientific 
instruction  if  the  manufacturing  superiority  of  this  country  is  to  be  maintained,  approv- 
ing of  State  aid  to  this  scientific  instruction,  and  pledging  artisans  and  mechanics  to 
use  their  best  exertions  to  promote  the  object  in  view. 

The  Council  of  the  Society  of  Arts  offers  its  silver  medal  for  the  best  instrument,  to  be 
affixed  to  a  cab  or  other  hackney  carriage,  for  indicating  the  fare  as  between  the  nassenger 
and  the  driver,  whether  by  registering  the  distance  travelled  or  otherwise,  and  which 
instrument  shall  also  indicate,  for  the  convenience  of  the  cab-owner  and  of  the  driver, 
the  total  distance  travelled  during  the  day  and  the  total  amount  earned.  The  instru- 
ments competing,  with  full  descriptions  of  their  construction,  to  be  sent  to  the  society's 
house  before  the  1st  January,  1870.  Competitors  may,  at  their  option,  sign  their  com- 
munications, or  may  forward  with  them  sealed  letters  containing  the  name  and  address 
of  the  writer. 

Peoduction  op  Coppee. — Thel57,335  tons  of  copper  ore  produced  in  the  United  King- 
dom in  the  year  1868  came  from  152  mines  ;  101  in  Cornwall  produced  86,722  tons;  20  in 
Devonshire,  30,510  tons ;  6  in  Cheshire,  Lancashire,  &c,  16,569  tons ;  9  in  Wales,  8,322 
tons ;  2  in  the  Isle  of  Man,  462  tons ;  5  in  Ireland,  13,890  tons ;  to  which  must  be  added 
regulus,  precipitate,  and  sundries,  830  tons.  The  total  is  rather  less  than  in  the  preced- 
ing year.  The  quantity  produced  and  the  price  have  been  declining  for  several  years. 
In  1859  the  quantity  was  236,789  tons,  of  the  value  of  £1,506,835  ;  in  1868, 157,335  tons, 
of  the  value  of  £642,103.  The  quantity  of  metallic  copper  obtained  in  the  United  King- 
dom in  1868  was  9,818  tons,  of  the  value  of  £761,602  ;  in  1859  it  reached  15,770  tons,  of 
the  value  of  £1,734,700.  In  1868  5,726  tons  were  obtained  from  mines  in  Cornwall,  1,942 
tons  from  mines  in  Devonshire,  275  tons  from  Cheshire,  Lancashire,  &c. ;  499  tons  from 
Wales,  28  tons  from  the  Isle  of  Man,  1,300  tons  from  Ireland,  48  tons  sundries:  Of  the 
whole  157,335  tons  of  copper  ore  pro.duced  in  1868,  more  than  a  third  came  from  six  of 
the  152  mines — the  Clifford  Amalgamated,  West  Huel  Seton,  South  Caradon,  Marke  Val- 
ley, and  Huel  Seton  in  Cornwall,  and  the  Devon  Great  Consols,  which  alone  produced 
more  than  20,000  tons.  The  total  quantity  of  British  and  foreign  copper  ores  and  regulus, 
&c„  smelted,  and  of  copper  produced,  in  England  and  Wales  was  485,856  tons  of  ore  and 
regulus,  and  38,137  tons  of  copper.  This  last  item  is  constituted  thus: — From  copper 
ores  of  the  United  Kingdom,  9,818  tons ;  regulus  and  precipitate,  340  tons ;  colonial  and 
foreign  ores,  14,229  tons;  ditto  regulus  and  precipitate,  9,500  tons ;  pyrites  producing 
copper,  4,250  tons. 

RAILWAYS. 

The  Varna  Bailway  Company  have  received  official  intimation  that  the  Turkish 
Government  have  sanctioned  the  payment  of  the  guarantee  upon  the  capital  actually 
expended,  leaving  to  arbitration  the  question  whether  the  Porte  is  liable  for  the  guarantee 
upon  the  whole  of  the  nominal  capital,  thereby  confirming  the  statements  made  at  the 
general  meeting  of  shareholders  on  the  30th  September  with  reference  to  the  recent 
negotiations  of  the  secretary  at  Constantinople. 

An  American  paper  says  that  the  contractor  for  the  erection  of  the  railway  bridge  over 
the  Missouri  river,  which  is  intended  to  connect  the  Missouri  and  Iowa  railroads  directly 
with  the  Union  Pacific,  is  said  to  have  received  notice  from  the  Irish  labourers  of  that 
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locality  that  ho  will  not  be  allowed  to  employ  Chinamen  on  the  work.  He  has,  never- 
theless, made  contracts  in  California  to  obtain  Chinese  labourers,  and  he  intends  to 
brin?  them  to  Omaha  soon.  It  is  very  probable  that  we  shall  soon  hear  of  some 
figiitin?. 

The  Belgian  Street  Eailways  Company  state  that  they  have  now  nine  lines  of  omni- 
buses at  work,  and  that  17l"journeys  out  and  back  are  made  daily.  During  the  first 
month  of  working-  the  receipts  wore  8,542f„  aul  the  expenditure  7,981f.  During  the 
month  of  September  the  receipts  were  25,961f.,  and  the  expenses  19,735f.  Land  has  been 
purchased  for  the  erection  of  workshops  and  stables,  and  arrangements  are  being  made 
for  proceeding  with  their  construction.  The  concession  granted  by  the  Belgian  authori- 
ties has  been  extended  from  nineteen  to  forty  years. 

LAUNCHES. 

Ox  the  6th  ultWithv,  Alexander,  and  Co.  of  Middleton  Shipyard,  Hartlepool,  launched 
an  iron  sailing  vessel  of  the  following  dimensions:— Length  110ft.,  breadth  25ft.,  depth 
14ft.     Her  register  tonnase  is  239  tons,  and  dead  weight  capacity  450  tons.      She  was 
christened  Marquluem,  and  is  built  to  the  order  of  a  Spanish  tirm. 
DOCKS,  HARBOURS,  BRIDGES. 

Messes.  W.  Walker  and  Co.  have  become  proprietors  of  the  Limehouse  Dockyard, 
lately  in  the  occupation  of  Messrs.  Young,  Son,  and  JIagnay,  and  the  premises  were 
onened  on  the  12th  ult.  for  the  reception  of  vessels. 

"Proposed  Wet  Dock  at  Wkiiehavex. — At  a  special  meeting  of  Whitehaven  Town 
and  Harbour  Trustees,  Mr.  Stiven,  the  harbour  engineer,  laid  before  the  trustees  a  plan 
for  the  construction  of  a  wet  dock  in  the  harbour  of  Whitehaven.  The  situation  of  the 
proposed  dock  is  thus  described  in  Mr.  Stiven's  report : — One  ot  the  dock  walls  will  run 
parallel  with  Tangier-street.  The  length  of  this  wall  will  be  670ft.  The  wall  at  the 
west  end  of  the  dock  will  be  330ft.  long,  and  intersects  the  bulwark.  The  front  wall 
across  the  north  harbour  will  be  S60ft.  in  length,  and  70ft.  in  width.  Through  this  wall 
and  adjoining  the  present  north  wall,  will  be  placed  the  dock  entrance-gate,  50ft.  in  width. 
The  wall  at  the  cast  end  of  the  dock  will  be  360ft.  long.  The  area  of  water  space  will 
be  nearly  four  acres  and  a  half.  The  meeting  received  the  report  and  resolved  that  it 
be  printed  and  circulated,  and  that  Mr.  Stiven  prepare  an  estimate  of  the  cost  and  the 
probable  time  that  would  be  required  to  carry  out  his  plan. 
TRIAL  TRIPS. 

Teial  Tbip  op  the  Hixdostan'. — The  new  screw  steamship  Hindustan,  built  and 
engincd  by  Messrs.  C.  A.  Day  and  Co.,  of  the  Northam  Ironworks,  at  Southampton,  for 
the  Peninsular  and  Oriental  Company,  has  been  tried  at  Stokes  Bay  for  her  speed  on  the 
measured  mi.e.  There  was  a  moderate  easterly  breeze  blowing,  with  a  smooth  sea,  the 
barometer  standing  at  30.35.  The  true  mean  spued  attained  was  14392  knots  per  hour, 
with  3olb.  pressure  ol  steam,  vacuum  21,  and  the  engines  making  55  revolutions  per 
minute.  The  engines,  which  are  of  600-horsc-power  nominal,  indicated  3,191  during  the 
trial.  She  had  on  board  a  total  weight,  of  coals,  water,  and  stores,  of  731  tons,  and  her 
draft  of  water  was  16ft.  2i  i.  forward,  and  17ft.  Sin.  aft,  the  mean  draught  being  16ft. 
llin.  The  machinery  worked  with  the  greatest  case  throughout  the  day,  and  all  on 
board  expressed  the  most  perfect  satisfaction  with  the  successful  result  of  the  trial.  The 
following  are  the  leading  dimensions  of  the.  JI  indostan: — Length  between  perpendiculars, 
349ft.  loin.;  length  on  loadwater  line,  311ft.  4in.;  length  over  all,  382ft.  sin.;  breadth 
moulded,  42ft.  3iin, ;  depth  of  hold,  33lt. ;  tonnage,  builders'  measurement,  3,086  tons  ; 
and  engines  of  600-horse  power.  She  has  accommodation  for  176  first  and  55  second- 
class  passengers,  and  will  be  able  to  carry  S00  tons  of  coals  and  1,400  tons  of  cargo.  The 
hu.l  of  the  vessel  is  built  with  the  best  Staffordshire  iron  below  the  water-line  and  steel 
above,  and  every  part  of  the  ship  bears  unmistakable  evidence  of  the  excellence  of  the 
materials  and  workmanship  employed  in  her  construction.  The  Hindoatan  was  in  charge 
of  Captain  Kobert  Curling,  who  is  appointed  as  her  commander,  and  she  will  shortly  be 
despatched  to  India,  where  she  is  to  be  employed  in  the  company's  mail  service. 

Steam  SinPiiUiLDi-NG  on  the  Clxde. — The  Cumbrae  screw,  lately  built  and  engined 
by  Messrs.  \V.  Simon  and  Co.,  Kenfrew,  has  made  a  satisfactory  trial  trip,  having 
attained  a  speed  of  about  12J  nautical  miles  per  hour.  The  Cumbrae  is  the  property  of 
the  Clyde  Shipping  Company,  and  will  form  one  of  their  South  of  Iieland  steamers.  The 
dimensions  ot  the  Cumbrae  arc  as  follows : — Length,  297ft. ;  breadth,  27ft. ;  depth,  15ft. ; 
burden,  620  tons.  She  is  propelled  by  a  pair  of  direct-acting,  inverted-surface — condens- 
ing engines  of  130-horse  power,  nominal. 

TELEGRAPHIC    ENGINEERING. 
The  prospectus  has  been  issued  of  the  British-Indian  Extension  Telegraph  Company 
to  construct  the   lir.it  important  link  ol  the    communication  between   India  and   our 
Australian  colonies.      This  will  consist  ol  a  cable  of  1,766  miles  between  Ceylon   and 
Singapore,  the  capital  lor  which  will  be  £400,000,  in  shares  of  £10.    A  contract  has  been 
made  with  the  Telegraph  Construction  and  .Maintcnance|C'ompany,  who  are  to  complete 
the  work  in  the  couroe  of  the  coming  year  lor  iM-lo.ooo. 
ACCIDENTS. 
A  boiler  exploded  on  19th  ult,  at  llraniley's  foundry,  Acerington.     Some  adjacent 
buildings  were  demolished,  and  five  persons  injured,  two  of  whom  died  during  the  day. 
The  boiler,  it  is  slated,  was  not  a  large  one,  and  was  generally  worked  at  401b.  pressure, 
thou.  1  safe  to  work  it  at  GOlb.    Steam  was  a  little  over  401b.  when  last 

observed  1.;.  workmen  before  going  to  breakfast,   and  it  is  conjectured  that 

o  kepi  rising,  and  that  over  pressure  nras  the  •  an  le  of  the  explosion. 

•  ii.ku. — Nineteen  persons  have  been  killed  and  nearly  a  hun- 

t  a  boiler  at  the  State  I'air,  Indianupolis,  in   the  United 

attached  to  a  saw-mill,  and  had  just  been  tired  up  for  iMl  Willi 

anotheT  machine,  arrangements  baring  hen  made  to  take  it  op  as   b    ihe  trial  waH 

over.      Many  ot  th  re  horribly  mutilated  and  burned,  and  In  some  cases  it 

would  i  for  Mends  to  recognise  them. 

STEAM  SHIPPING. 
Sn  .  -An  official  return  nhov.  it  of  January,  I860,  thore 

had  be  in!  the  porf  n       Is,  thai 

:  ['ho 
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i   o  the  nami   ' 
18  that  of  Victoria,  ,  11  Pi  H  <il'f 
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not  least,  an  Irish  Ktcniner,  Numttr  Ont. 
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COPPER. 

Best  selected,  per  ton    

Tough  cake  and  tile  do 

Sheathing  and  sheets  do 

Bolts  do 

Bottoms  do 

Old  (exchange)  do 

Burra  Burra  do 

Wire,  per  lh 

Tubes  do 

BRASS. 

Sheets,  per  lb 

Wire  do 

Tubes  do 

Yellow  metal  sheath  do 

Sheets  do , 

SPELTER. 

Foreign  on  the  spot,  per  ton    

Do.  to  arrive  

ZINC. 

In  sheets,  per  ton  

TIN. 

English  blocks,  per  ton 

Do.  bars  (in  barrels)  do 

Do.refineddo 

Banca  do 

Straits  do , 

TIN   PLATES* 
IC.  charcoal,  1st  quality,  per  box    . 

IX.  do.  1st  quality  do 

IC.  do.  2nd  quality  do 

IX.  do.  2nd  quality  do 

IC.  Coke  do 

IX.  do.  do 

Canada  plates,  per  ton 

Do.  at  works  do 

IRON. 
Bars,  Welsh,  in  London,  per  ton    . 

Do.  to  arrive  do 

Nail  rods  do 

Stafford  in  London  do 

Bars  do.  do- 

Hoops  do.  do 

Sheets,  single,  do , 

Pig  No.  1  in  SValesdo 

Refined  metal  do 

Bars,  common,  do 

Do.  mrch.  Tyne  or  Tees  do 

Do.  railway,  in  Wales,  do 

Do.  Swedish  in  London  do 

To  arrive  do 

Pig  No.  1  in  Clyde  do 

Do.  f.o.b.  Tyne  or  Tees  do 

Do.  No.  3  and  4  f.o.b.  do 

Railway  chairs  do 

Do.  spikes  do 

Indian  charcoal  pig  in  London  do. 

STEEL. 

Swedish  in  kegs  (rolled),  per  ton.... 

Do.  (hammered)  do 

Do.  in  Ingots  do 

h  spline-  do 

1 1  \  i :..  i"  i'  bottle 

LEAD. 

pig,  common,  per  ton 

Din...  L.Bi  'i" 

Do.  W.li.  do 

Do.  sheet,  do 

Do.  ie.i  lead  oV 

Do.  white  do 

ot  -hot  do 

.s|inni.sli  do 
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LIST  OF  APPLICATIONS  FOR  LETTERS 
PATENT. 

Wr    HAVK     ADOPTRD      A     JJHW     ARRANORMFNT     OF 

thr  Provisional  Protrctionb  applied  for 
by  Invrntors  at  the  Grbat  Skal  Patent 
Office.  If  any  difficulty  should  arise 
with  reference  to  the  names,  addresses* 
or  titles  given  in  the  list,  the  requi- 
site information  will  be  furnished,  freb 
of  expense, from  the  office, by  addressing 
a  letter,  prepaid,  to  the  editor  of 
"The  Artizan.** 


Dated  September  24th,  1869. 

277fi  J.  Faulkner— Exhausting  the  gas  from  coal 
mines 

2776  W.  H.  Hewett— Inscriptions  and  designs  on 
metal  surfaces 

2777  B.  Hunt — Automatic  railway  carriage  or  car 
brake 

2778  W.  Strang — Dressing  and  apparatus  for 
beaming  warps 

2779  R  Collis -Velocipedes 

2780  J.  H.  Davis— Compasses  - 

2781  W.  I.  Palmer— Paper 

2782  G.  L.  Morton— Stoppering  bottles  intended  to 
contain  effervescing  liquids 

2783  J.  T.  Greenfield— Side  arm  for  clearing  the 
rifliog  of  ordnance 

2734  J.  W.SMorgan— Anchors 

2785  T  B.  Daft,  E.  Armann,  and  T.  W.;Wiliin— 
Watches 

Dated  September  25th,  1869. 

2786  I.  Farrell— Bearings  for  axles 

2767  W.  Harper — Suspending  fabrics  in  drying 
stoves 

2788  J.  T.  Gaze  and  J.  Hymas-Fire  bars 

2789  H.  A.  Bonneville— Greek  firearm 

2790  J.  P.  Turner — Fastenings  for  braces  and  other 
articles 

2791  J.  W.  More  and  J.  Norman — Clipping  horses 
and  other  animals 

2792  J.  Worrall  and  J.  Kershaw— Folding  piece 
goods 

2793  S.  G.  Archibald — Carding  and  twisting  or 
spinning  oakum 

2791  J.  C.  Cushion— Picks  for  dressing  marble  and 
other  stone 

2795  J.  Stuhrt— Treatment  of  ores 

2796  G.  W.  Rendel — Gnn  carriages 

2797  G.  W.  Rendel— Guns 

Dated  September  27th,  1869. 

2798  T.  Hall,  J.  B.  McKenow,  and  T.  R.  Shaw- 
Effecting  the  discharge  of  dye  wood  fiom  hanks 
or  yarn 

2799  C.  de  Berg  us— Utilising  the  muscular  power 
of  man 

2800  W.  Boulderson— Coverings  for  the  head 

2801  F.  W.Fox  and  E.  Walker— Steam  engines  and 
their  boilerB 

2802  J.  Peel,  J.  Sharp,  and  J.  Walworth— Looms 
for  weaving 

2803  G.  Beunie— Oils 

2804  J.  Hastie—  Applying  neat  and  obtaining  mo- 
tive power 

2805  R.  Harlow— Valves 

2806  E.  O'Brien — Weighing  grain  and  other  sub- 
stances 

2807  G.  T.  Bousfield— Sized  paper 

2808  J.  R  Swanu— Boiler  tubes 

2809  J.  R.  Wigham — Illuminating  buoys,  light- 
houses, &c. 

2810  T.  R.  and  T.  W.  Harding— Leather  driving 
bnDds 

2811  W.  E.  Newton— Lappet  or  embroidering 
looms 

2812  W.  Kendal— Furnaces 

2813  F,  Armstrong — Knitting  machine 

Dated  September  28th,  1859. 

2814  W.  Chambers— Ventilating 

2815  J   Taylor— Brad  awls 

2816  W.  Wbiteley— Spinning  cotton  and  other 
fibrous  substances 

2817  R.  and  H.  Harrild — Manufacture  of  printing 
rollers 

2818  C.  D.  Abel— Green  colouring  matter  for  dyeing 
or  printing 

2819  J.  Buchanan— Substitute  for  soda  crystals  or 
refined  ash 

2820  J.Bullough-Looms 

2821  H.  Swan— Millstones 

2822  J.  W.  Billiatt— Eleyators 

2823  H.  Y.  D.  Scott— Kilns 

2824  A.  V.  Newton— Horseshoe  nails 

2825  W.  R.  Lake— Preventing  alteration  of  values 
in  monetary  instruments 

2826  W.  R.  Lake— Harvesting  machines 

Dated  September  29th,  1869. 

2827  W.  H.  Noble— Aerial  carriage 

2828  A.  J.  Dulake— Pot  for  containing  butter,  lard, 
&c. 

2829  J.  Williams— Lifting  jacks 

2830  W.  Walker  and  D.    Davies Furnaces  for 

steam  boilers 

2831  W.  Blunn  and  J.  Wild— Melting  materia] 
from  which  glass  is  made 

2832  D.  Duthie— Tenoning  timber 

2833  L.  Wray — Crushing  stone  and  other  hard  sub- 
stances 

2834  W.  and  A.  Kempe— Scrays  or  tables  applicable 
to  gig  mills 

2835  H.  Hughes— Rolling  or  reducing  rods,  bars, 
or  tubes 

Dated  September  30th,  1869. 

2836  A.  F.  Wilson— Utilising  wants  heat 


2837  J.  Anderson — Separating   the  constituents  of 
maize 

2838  J.  P.   Kerr  and  W.  McGee— Winding  thread 
upon  pirns 

2839  H.  Woolf— Hat  brims 

2840  W.  Horton— Steam  boilers 

2841  J.  Reeves— Bearings  of  the  wheels  of  veloci- 
pedes 

2S42  A.    E.    Fridlander— Watches     and     chrono- 
meters 

2843  J.  Luud  and  E.  Townead— Self-acting  apparn- 
tus  applicable  to  carriages 

2844  A.  Gaine— Knobs  for   doors  and  other  similar 
objects 

2S45  G.  Hinton— Combined  watei  power 
2846  J.Dewe— Locks 

Dated  October  1st,  1869. 

2347  H.  L.  Bolgerand  J.   Meekin— Splitting  rocks 

and  other  masses 
2848  R.    Crickmer— Preventing  priming   in  ateam 

boilers 
2449  F.  S.  Barff — Absorbing   noxious  vapours   and 

gases 

2850  J.  Bonn  and  J.  Nitsch— Ruling  lines  on  paper 
and  other  substances 

2851  J.  H.  Johnson — Screws 

2852  E.  A.  A.  Hugo— Leather 

2853  R.  L.  Hiches— Construction  and  fitting  of  fire 
arms 

2854  G.  A.  Huddart — Joining  or  fishing  the  rnils  of 
railways 

2855  W-  R.  Newton— Sewing  machines 

2856  A.  J.   Eli   and   H.   Sawahn— Registering  dis- 
tances 

Dated  October  2nd,  1869. 

2857  G.   S.   and  H.  Whitechurch— Stoves  and  fire- 
places 

2858  J.  Butcher— Pens 

2859  A.  Bodart — Ascertaining   the  specific  gravity 
of  liquids 

2860  W.  Edmondoon — Engiaving  cylinders  used  for 
printing 

2861  T.  Buck  aud  G.  Messenger— Writing  instru- 
ment 

2862  E.  Ludlow— Cartridges 

2863  A.  Keen— Buckle  for  fastening  hoops  around 
bales  of  goods 

2864  C.  A.  Maugin— Silvering:  looking  glasses 

2865  E.  L>.  Farcot — Construction  and   propelling  of 
ships 

286b  R.  Broadbeut— Gas  governors 

2867  A.  Heathorn— Yeast 

2868  J.  Reid— Waterproof  coats 

2869  B.  F.  Stevens — Covering,  lighting,  and  venti- 
lating areas., 

Dated  Octobbr  4tb,  1869. 

2870  P.  R.   Hodge,  C.   Hengst,  and  N.  Wilson- 
Welding  of  iron 

2871  J.  A.  Hartmann — Engraving 
V872  F.  Gran — Lamp  sockets 

2873  J.  Critchley— Umbrellas 

2874  G.  R-.se—  Annealing-  pots 

2875  Sir  C   T.  Bright— Telegraphs 

2876  C.    Mather   and    W.    RoBseter— Warping   or 
beiminjj  machines 

2877  F.  R.  A.  Glover— Anchors 

2S78  F.  F.  Villepigue— Piercing  or  boring  holes  in 

rocks,  &c. 
2879  J.  B.  Bradehaw — Coopers,  hoops 


Dated  October  5th,  1859. 

2880  C.  Montagu— Umbrellas 

2881  T.  Atkinson— Expressing  oil 
2832  W.  Horsfall— Forging  bolts 

2883  J.  N  Batey — Hemmets  for  sewing  machines 

2884  J.  Wiuter- Filling  glass  bottles  and  jars  with 
soups,  &c. 

2585  F.  Hazeldinc — Corkscrew 

28?6  W.  Morris  and  J.  Teal— Combing  wool 

2887  L.  Byrne— Pumps 

2888  H.    Howard-Keeling — Manufacturing    bars  of 
wrought  iron 

2889  T.   W.  Buoning  and  W.  Cochrane— Getting 
coal 

2890  J.    Kircher   and    E.    Ebner— Black    printing 
ink 

2891  J.   Kircher    and  E.    Ebner— Romoving    print 
from  paper 

2892  E.    Smethurst — Funnels   for   pouring  liquids 
into  vessels 

2893  T.  Adams— Slide  valves 

2894  J.  Clayton — Construction  of  boilers  for  gene- 
rating steam 

2895  W.  Richardson—  Cleaning   cotton  and   other 
fibrous  materials 

2896  C.  E.  Spooner— Bending  Tails  or  bars  for  rail- 
ways 

Dated  October  6th,  1869. 

2897  S.  Farrcn— Taps 

2898  E.  Wi»zell  and  J.  Pol  lit— Pistons 

2899  W.  A.  Wbitty— Advertising  medium 

2900  J.  W.  Powell— Valve  cock 

2901  B.    Hunt — Decoration    or    ornamentation     of 
metals 

2902  H.  aud  A.  Holmes— Axletrees 

2903  W.  R.  Lnke — Permanent  way  of  railways 

2904  E.  Russ,  and   H.  and  E.  Hammond— Breech- 
loadinjr  firearms 

2905  T,  F.  Newell — Engines  for   preparing    paper 
pulp 

290G  E.  A.  P on tif ox— Refrigerators 

2907  E.    Tier— Telegraphic     signalling     on     rail- 

2908  W.  H.  HotBley— Washing  machines 

2909  E.  B.   de  Leon— Printing    without  heat  upon 
wood 

2910  W.  E.  Newton— Permanent    way  of  railways 
and  tramways 

2911  J.  F.  M.  Pollock— Bricks 

Dated  Octobbr  7th,  1869. 

2912  J.  McKenzie— Securing  the   rails   in'  lailway 
chairs 

2913  A-  and  W.  Coleman— Latches 


2914  J.  C.  Ramaden— Looms 

2915  H.  Schildberg— Signalling 

2916  W.  E.  Newton— Propelling  ships 
2«17  W.  P.  Gregg-Parlour  skates 

Dated  October  8th,  1869. 

2918  R.  Chapman— Fastening  railway   fish    plates 
and  chairs 

2919  D.  Parrish— Axle  boxes 

2920  J.  Hilton— Casting-  pipes 

2921  J.  Duckword,T.  Hindle,  and  G.   B.  Jerram- 
CemeutbuildrrgB 

29*2  G.     W.     Hawksley     and     M.    Wild— Steam 
boilers 

2923  W.  R.  Lake— Pianoforte  pedals 

2924  T.  Rice— Fixing  door  kuobs 

2925  A.  Etienne— Carriages,    vehicles,  and    veloci- 
pedes 

2926  O.  C.  Evans-Wheels 

2927  N.    Wilson   and    W.    Campion— Sewing   ma- 
chines 

2928  H.    Wainwright— pjoducing     fresh     potable 
water 

2920  J.  FrearBon— Water  tuyers  for  forges  and  fnr- 
naces 

2930  J.  Wallace-Distilling  liquors 

2931  W.J.  Jones-Boilers 

Dated  October  9th,  1869. 

2932  C.  E.  Brooman— Liquid  meters 

2933  J.  Chardler— Preventing  waste  of  water  from 
pipes 

2934  J.  More— Preparation  of  oils 

2935  R.  L.  Hickes— Applying  electricity  3 

2936  W.  Kelsey— Driving  drums 

2937  D.  Sowden,  R.  C.  Stephenson,  and  J.  Myers- 
Looms 

2938  B.  Baugh  and  B.  Walters— Ornamenting  bricks 
and  tiles 

2939  J    H.  Job nson— Nail- making  machines 
S940  H  -  Reid— Cements 

2941  W.N.  Hartley— Bleaching  yarns 

2942  A.  H.  Brandon— Summer  skate 
2043  E.  H.  C.  Monckton— Motive  power 

2944  E.  H.C.  Monckton— Projectiles 

2945  A.  M.  Clark— Indicators  for  steam  boilers 
2846  W.  C.  Mav— Painting  inks 

294"  C.  Wyndham — Velooipedes 

2948  J.  H.  W.  Biggs— Joining  warp  ends 

2949  A.  Welch-Cattle  trucks 

Dated  Octobkr  11th,  1869. 

2950  A.  C.  Kirk-Treating  oils 

2951  G.  A.  Middlemiss— Withdrawing  water  from 
wells 

2952  J.  Hugget  and  J.    A.   Huggett— Manufacture 
of  uails 

2953  E.  A.  Cowper— Treating  cast  won  for  the  pro- 
duction of  wrought  irou 

2954  A.  V.  Newton— Paper  hangings 
29.35  T.  Greenwood  and  J    Keats— Boots 
■in.™  W.  R.  Lake— Land  cultivator 

^957  W.  R.  Lake — I'ermauent  way  of  railways 

Dated  October  I2th,  1369. 

2958  A.B.  Childe— Paper 

2959  E.  A  Suuggs— Cocks  and  taps 

2960  R.  L.  Hattersley  and  J.  Hill— Looms 


2962  J.  B.  Blythe— Production  of  heat 

2963  M.  Andrew— Locks 

2964  VV.  Bennett  and  J.  CnTrall— Kitchen  ranges 

2965  E.  Farriugton— Firearm 

fc"966  E.  Brown — Propelliug  carriages  by  the  hands 
or  feet 

29»i7  J-  MorriBon  and  J.  Thomas— Grates  of  fur- 
naces 

29ri8  T.  Stevenson— Iron  girders 

2969  W.  Lincolne — Fastening  or  securing  the  joints 
of  belts 

Dated  October  13th  1869. 

2970  J.  H.  Selwyn— Firearms 

2971  J.  Hal  ford— FurnaceB 

2972  L.  M .  Casella— Lighting  gas  burners  and 
lampB 

2973  J.  Smith— Timing  ships'  logs 

2974  J.  Kennedy-Cement 

2975  R.  Scholefield— Pumps 

2976  T.  Parry  and  J.  McHardy— Drag  applicable  to 
waggons,  &c. 

2977  S.  Osbort— Knives  for  reaping  and  mowing 
machines 

2978  W.  Challiner— Forks  and  spoons 

2979  C.  Brokell— Propelling  air 

29S0  J.  Hartley— Registering  billiards 
2981  R.  J.  Ellis— Desiccating   animal  and  vegetable 
matters 

Dated  October  14th, 1869, 

29S2  W.  J   Bonser— Feeding  cattle 

2983  W.  E.  Gedge— Putting  up  or  encasing  packets 
of  needles 

2984  J.  H.  Roberts  acd  E.  Simons— Breaks  for 
railway  carriages 

29t5  B.  Calvert— Cleaning  hose  pipes 

2986  F  M.  Cotton  aud  W.  Field— Copying  of 
drawings 

2987  S.  Wilson— Applying  power  to  the  knee  joint 
of  presses 

2988  C.  W.  SiemeuB— Smelting  iron 

2989  L.  A.  Lesage— Securing  vessels  containing 
alimentary  substances 

2990  E.  Laue— Permanent  way  of  railways 

2991  C.  L.Page— Packing:  cases 

2992  J.  dudson,  J.  Hudson  the  younger,  and  C. 
Huilson — Paper 

2993  W.  Kloeu— Water  clour  printing 

2994  E.    L     Parker — Combined  corkscrew  and  car- 

2995  J.  Tart  aud  J.  C.  Edwards— Opening  and  pre- 
paring cotton 

2996  W.  Barbour—  Stage  lights 
2«97  N    Washburn— Wheels 

2998  W.  Avery  and  A.  FentwnCases  for  pins,  cards, 
&c. 

2999  E.  Roe— Knitted  fabrics 


Dated  October  15th,  1869. 

IS?  n  ¥■  Rowley-Combined  under  garment 
wSJ  ?'S "^-Treating  iron  surfaces 
wm  T,*Myr^an4W-  Pay«e-Packing 
■i(H)3  J.  Mackie— Firearms 

SS^IX'S  ^e-Boaing  rocks 
3J0o  W.R.Lake_Sevvina  machine9 

S5?  Y\fi:,ikeuCh&in  cable  at°w°TB 

i  no    ,     "^"-Hropiilsion  and  steering  of  Bhips 

3008  J.  Walker— Measuring  fluids 

3009  J.  W.Robinson  and  T.  Murray— Burning  of 
liquid  carbons 

3010  £  T.  Hughes— Regulating  the  delivery  of  rail- 
way tickets 

3011  E.  T.  HugheB— Raising  and  lowering  merchan- 

3012  W.    B.   Leachman    and  J.  Holroyd— Raisice 
water  6 

3013  H.Smith— Dish  covers 

3014  J.  H.  and  W.  Lyon-Fn maces 

3015  W.  E.  Gedge— Horse- Bhoe 

3016  A.  H.  Douche— Valves 

3017  H.  M.  Maisden— Sheep  shears         ~— 

Dated  October  16th,  1869. 1 

3018  J.  Horton— Castors 

3019  F.  F.Whiteh'irst— Mashing  grain 

3020  J.  Willats- Playing  cards 

3021  J.J.  Nancy— Supplying  thread  to  sewing  ma- 
chines 

3022  A.  Angell   and   J.   J.   Perry— Heating   metal 
burs 

3023  W.  H.  H.  McMeight— Blinds 

3024  J.  Raper  M.  Pearson,  and  D.  Milts— Looms  for 
weaving 

3025  J.Plsyer— Iron 


Dated  October  18ih,  1869. 

3026  W.  Rogers   and    G.   Tid combe— Croquet  balls 
&c. 

3027  N.  Hodeon — Motive  power  engine 

3028  J.  M.  A.  Stroh-CIocks 

3029  G.  Collins— Carding  engines 

3030  J.C.  Martin — Name  plates  for  shops 

3031  J.  and  W.  Bottomley— Milling  woven  fabrics 

3032  J.    and    W.     Bottomley — Washing   woven    or 
fwlted  fabrics 


3034  C.   and  W.  Bradley  and  E.   Thackroy— Wool 
combing  machinery 

3035  R.  S.  Banleet— Needle  cases 

3036  A.  H.  Price— Purification  of  gas 

3037  M.  Ker — Hanging  window  curtains 

3038  C.  K.  Spagnoletti— Signalling 

3039  A.  Welch— Cattle  trucks 

3040  A    V.Newton— Sacking 

3041  W.  R.  Luke-Nutfor  screw  bolts 


Dated  October  39th,  1869. 

3042  J.  and  J.   Kippax—  Weaving  counterpanes  or 

quilts 
30^3  M.  Henry-Bridges 

3044  A.Forder — Veiocipede  seats 

3045  A.Evans— Joining  nipes 

3046  W.  B,  Robins— Syringes 

3047  A.  Clegg— Sewing  machines 

3048  J.  H.  Johnson— Heating 

3049  F.    R.    Window— Producing    photographs    in 
pigments 


Dated  October  20th,  1869. 

3050  J.  Hudson— Opening   and  closing  the  gates  of 
railway  crossings 

3051  D.  Jackson,  J.  Riley,  and  G.  R.  Ray— Cutting 
stone 

3052  W.  R.  Thomson— Fastening  the  doors  of  rail- 
way carriage* 

3053  A.  Munroaud  W.  B.  Adamson— Cutlery  £ 

3054  J.  Scharr— Soap 

3055  B.  Salman  and  R.  Willis— Stamping  and  can- 
celling press 

3056  W.  Heywood  and  J.  Bottomley— Carriages 
3U57  J.  F.  Crease — Attaching  cements  to  iron  sub- 
stances 

305rf  A,  Brady— Purifying-  iron 

3059  W.  Firth— Wheels 

3060  J.  Howard  and  E.  T.  Bousfield— Construction 
Of  e team  boilers 

3ubl  W.  E.  Newton — Pieserving  various  substances 

from  decav 
3062  H.  Percival— Furnaces 


Dated  October  21st,  1869. 

3063  S.  H.  Musgrave— Needle  cas«s 

3064  H.    Brooks— Metallic   cap    or  cover-  to  glass 
hottles 

3065  J.  Becker— Stopping  bottles 

3066  G.   M.    Aohtorth    and    W.   Hardy— Applying 
motive  power 

3067  W.  R.  Lake— Rotary  blowing  engines      ,'"  ," 

3068  G    Clark— Hacsom  cabs 

3069  G.  Dauzats— Dominoes 

3070  J.  Buchanan-Coiling  ropes 

3071  F.  Jenken— Bridges 

3072  A.  M    Clarke— Hinges  for  the  doors  of  railway 
cairiagts 

Dated  October  22nd,  18G9. 

3073  R.  J.  Goodbody  and  R.  E.  Donovan— Roastin 
Oaffee,  &c. 

3074  T.    Gibb   and     C.    Geltsbarp— Furnaces  for 
calcining  ores 

3075  H.A.  Bonneville— Sewing  machines 

307i>  J.   R>   GravBon — Clipping  or  shearing  horses 

and  other  animals 
3077  C     E.   Fuller— Machines   for    manufacturing 

brushes 
307*  J.  Rignall— Reaping  machines 
3079  W.  J     Rivingt  >u— Counting  and   registering 

apparatus 


,/iir.r 
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MANUFACTURE  OF  ROLLING  STOCK  IN  NEW  SOUTH  WALES. 

Locomotive  foe  Great  Westebn  Railway. 

(Illustrated  by  Plate  355.) 

With  the  view  of  encouraging  colonial  industry,  the  late  Minister  for 
Fublic  Works  (the  Honourable  James  Byrnes)  determined  in  future  to  have 
all  the  rolling  stock  required  for  the  Government  railways  in  New  South 
"Wales  made  in  the  colony.  Hitherto  both  marine  and  stationary  engines, 
all  classes  of  machinery,  iron  and  wooden  ships,  etc.,  have  been  constructed 
in  Sydney,  where  some  large  engineering  establishments  have  sprung  up, 
one  of  which  alone  employs  on  the  average  400  men.  Mr.  Byrnes,  there- 
fore, very  naturally  considered  that  the  time  had  arrived  when  the  rolling 
stock  for  the  300  miles  of  line  opened  for  traffic  might  with  advantage  be 
manufactured  in  the  country,  and  accordingly  issued  instructions  to  the 
Engineer  for  Existing  Lines  (Mr.  J.  H.  Thomas,  C.E.,)  to  draw  up  the 
necessary  plans,  general  conditions,  specifications,  and  form  of  tender,  to 
carry  out  the  object  in  view;  and,  in  order  that  there  should  be  no  mistake, 
and  all  persons  tendering  clearly  understand  what  was  required  of  them, 
the  whole  were  printed  and  circulated  for  general  information. 

The  contracts  were  made  to  extend  over  five  years,  and  the  total  quantity 
of  rolling  stock  that  would  be  required  during  the  specified  period  would 
be  as  follows : — 

Engines 30 

Carriages  of  different  classes   75 

Horseboxes  40 

Carriage  Trucks    40 

Break  vans 12 

Sheep  vans 50 

Cattle  waggons 100 

Covered  goods'  vans 50 

Meal  vans  40 

Powder  vans  15 

Trucks  of  various  classes 540 

Several  tenders  were  received,  and  two — those  of  Messrs.  Yale  and  Lacy 
for  the  engines,  and  Messrs.  T.  N.  Russell  and  Co.  for  the  remaining 
r<  lling  stock — were  accepted. 

The  Great  Western  Railway,  which  is  to  connect  Sydney  with  Buthurst, 
ciosses  the  Blue  Mountain  Ranges,  attaining  an  altitude  of  3,800ft.  above  the 
level  of  the  sea,  necessitating  the  use  of  two  "  zig-zag"  gradients  of  1  in 
30,  and  curves  of  8  chains  radius.  With  such  a  line  as  this,  as  might 
readily  be  supposed,  the  ordinary  class  of  locomotive  engiues  which  had 
been  imported  from  England — well  adapted  as  they  were  for  lines  with 
easy  gradients  and  curves  of  large  radii — were  not  found  suited  to  this 
mountain  railway.  Mr.  Thomas  was  therefore  instructed  bj  the  Govern- 
ment to  prepare  plans  and  specifications  of  an  engine  better  adapted  for 
the  work,  two  of  which  are  now  in  course  of  construction  by  Messrs.  Vale 
and  Lacy,  of  Sydney. 

Specification  of  Good3  Tank  Esysisf.3  ton  TBI  <;i:eat  Wbst] 
Railway. 

Tin'  work  to  be  executed  under  thii  contract)  comprises  the  (applying 
and  delivering  of  engines  of  that  class  known  as  six-wbeeled  coupled'  tanli 
engines,  having  tin'  following  dimensioi        D  L81n.j 

length  of  stroke,  24in. ;  diameter  (outside)  of  boiler,  4ft.  tin. ;  number  of 
tabes,  106  (mom  or  less) ;  length  of  do.,  lift.  1  in. ;  diameter  of  do, 
(external),  2in, ;  distance  from  centre  to  centre  of  cylinder*,  2ft.  5 ;. in.; 


from  head  of  frame  to  centre  of  leading  wheels,  5ft,  Siin. ;  distance 
between  centres  of  leadiug,  driving,  and  trailing  wheels,  5ft.  9in. ;  wheel 
base,  lift.  6in. ;  from  centre  of  trailing  wheel  to  end  of  foot  plate,  7ft. 
3in. ;  total  length  of  frame,  24ft.  iin. ;  width  between  frames  (inside 
measurement),  4ft.  lin. ;  thickness  of  frames,  ljin. ;  diameter  of  wheels, 
3ft.  9in.;  length  of  fire  box  (casing),  5ft.  9io.;  do.  do.  inside,  5ft.  3iu.; 
area  of  fire  grate,  19ft.  3in. ;  diameter  of  axle  bearings,  7i"in. ;  length  of 
do.,  6iin.;  ports  (cylinder),  14in.  by  l§in. ;  exhaust,  liin.  by  3iin. ;  from 
centre  to  centre  of  buffers,  5ft.  9in. ;  height  of  butlers  above  rail,  3ft.  4iu. 

The  boiler  is  to  be  constructed  of  the  form  and  dimensions  shown  on 
the  drawings  (Plate  355),  lap  jointed,  and  all  the  plates  used  in  manufac- 
ture must  be  3in.  thick;  and  both  these  and  the  angle  irons  must  be  of 
the  very  best  Low  Moor  iron,  or  such  other  as  may  be  approved  of  by  the 
Engineer  for  Existing  Lines  of  Railway. 

The  rivets  to  be  Jin.  diameter,  of  the  best  Yorkshire  iron;  the  lap  of 
plates  to  be  2  fin.  and  the  pitch,  or  distance  between  centres  of  rivets,  to 
be  ljin.  Great  care  must  be  observed  that  all  the  plates  and  angle  irons 
are  brought  together  before  any  rivets  arc  put  in,  and  that  all  the  holes 
perfectly  correspond  with  each  other.  Should  any  of  them  not  do  so 
exactly,  they  must  be  rimered  out  until  perfectly  fair  one  with  another, 
and  a  rivet  made  expressly  to  fit  the  enlarged  opening  thus  caused.  The 
heads  of  all  the  rivets  must  be  properly  set  up,  and  all  the  joints  perfectly 
caulked  on  both  sides,  care  being  taken  in  so  doing  that  the  plates  are  not 
injured. 

The  firebox  casing  is  to  he  5ft.  9in.  long,  and  made  of  half-inch  plates 
of  the  same  quality  of  iron  as  that  on  the  barrel  of  the  boiler,  and,  bent 
on  the  edges  to  a  curve  of  4in.  radius.  The  rivets  and  riveting  to  be  per- 
formed in  the  same  careful  manner,  and  with  the  best  material  as  that 
specified  for  the  other  portions  of  the  boiler. 

The  fire  box  is  to  he  of  copper,  5ft.  3in.  long,  and  to  have  a  tube  plate 
lin.  in  thickness;  the  crown  to  be  ';  in.  and  the  other  plates  iia.  The  tube 
plate  is  to  be  pierced  to  received  19G  tubes  (more  or  less),  of  2in.  diameter 
and  the  holes  must  be  so  set  out  as  to  insure  a  uniform  distance  between 
them  ;  and  no  more  chamfer  is  to  be  taken  off  their  edges  than  is  necessary 
to  prevent  them  cutting  the  tubes.  The  fire  box  stays  to  be  mado  of 
copper,  Jin.  diameter;  those  for  securing  the  fire  box  to  the  casing,  to  he 
placed  4in.  from  centre  to  centre.  They  are  to  be  screwed  with  a  good  sharp 
clean  thread,  with  that  portion  in  the  water  space  turned  oil'.  Each  stay 
must  fit  perfectly  tight,  with  a  full  thread  in  the  hole  as  well  as  on  the 
stay.  The  holes  in  casing  and  fire  box  must  bo  truo  to  each  other,  SO  that 
the  stay  through  both  may  be  perfectly  square  Each  slay  must  lie  well 
riveted  over  on  both  ends.  Thfl  boilers  to  be  stayod  by  mis«ets  and  double 
angle  iron  at  smoke  box  end,  most  carefully  fixed  ;  CTOWO  of  the  Bra.  Da 
must  be  secured  as  shown  on  the  drawings.  Four  mnd-plogl  and  doors 
mast  be  placed  on  the  sides  of  the  fire  box  casing,  level  with  the  top  of 
tin:  Are  box,  two  being  on  each  side,  and  placed  alternately  witb  sacfa  other. 
Four  at  the  comers  of  the  oasiog,  Immediately  above  the  water  sj 

bosses  of  Which  to  be  forged  on,    and  two   in  the   smoke  bo\.  fair  with   tin- 
in  ale  of  the  bottom  of  the  barrel      In  this  latter  case  the  plug  mas)  be 
d  direotly  into  the  plate  withoal  ■  ;>  Phore  must  also 

be  two  K  ad  iaf<  t_v  pings  ba  the  top  of  the  Are  box.    The  tabes  to  bs  bi 
of  the  best  dr icrlption  of  metal,  196  (m  in  oris  i)  i"  number,  and  .v>.  iu 
gauge j  thej  ire  bo  be  2in.  outside  di imeter,  secured  bj  approved  rl 
ferrales.    The  ordinary  working  pressors  will  be  UOlba^and  the  boiler 
mast  be  tested  by  hydraulic  an  rare,  bo!  water  being  empl  'lbs. 
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on  the  square  inch,  and  afterwards  in  steam  to  1201bs.  The  smoke  box, 
top,  front,  and  door  to  be  Jin.  thick,  the  two  former  to  be  made  of  good 
plate,  with  a  smooth  face,  and  the  latter  to  be  made  of  best  Yorkshire  iron ; 
the  rivets  countersunk  and  filed  flush  on  the  outside.  Door  and  fastenings 
to  be  made,  and  a  tube  plate  of  the  best  |in.  Lo  w  Moor  plate  ;  chimney  to  be 
16in.  diameter,  and  made  of  iin.  plate  flush  jointed  outside,  and  welt  inside 
with  the  top  standing  14ft.  above  the  rails,  having  3in.  taper.  Frame  bolts 
of  all  kinds  must  be  turned  and  accurately  fitted  and  driven  into  their 
places,  the  holes  being  rimered  out  perfectly  fair  and  true  to  receive  them. 
The  ash  pan  to  be  constructed  of  jin.  plate  and  ljin.  angle  iron  ;  both  the 
front  and  back  ends  must  be  provided  with  doors  of  Jin.  plate,  hinged  by 
upper  edge,  and  gear  to  work  each  from  the  foot  plate.  A  well  is  to  be 
formed  on  bottom  by  l^in.  angle  iron,  riveted  all  round.  The  mouth  of 
the  blast  pipe  is  to  be  covered  by  one  of  Moriarty's  Spark  Arresters,  with 
•j^  in.  spaces  at  top.  The  fire  bars  must  be  made  not  only  to  change  with 
each  other,  but  with  other  engines  of  the  same  class. 

All  the  wheels  are  to  be  entirely  made  of  wrought  iron ;  they  must  be 
turned  and  bored,  and  have  key-ways  cut  strictly  to  a  gauge,  that  they  may 
all  be  precisely  alike;  and  each  wheel  must  be  drawn  on  to  its  respective 
axle  by  hydraulic  power,  hot  water  being  used  to  expand  the  boss;  all 
the  rims  must  be  correctly  turned  to  one  gauge  to  receive  the  tires,  so  that 
the  tires  bored  for  one  will  fit  any  of  the  wheels  equally  as  well  on  either 
of  the  engines.  The  gauge  of  railway  is  4ft.  8Jiu-  The  best  steel  rolled 
vveldless  tires  are  to  be  provided  from  Monk  Bridge,  Leeds,  those  on  the 
driving  wheels  being  without  flanges;  they  must  be  bored  out  to  the  exact 
shape  of  the  rims  of  the  wheels  into  which  they  are  to  be  shrunk,  and 
properly  secured ;  they  are  to  be  turned,  or  ground  to  a  template.  The 
axles  to  be  of  the  very  best  manufacture,  having  journals  7in.  diameter 
and  9in.  long.  Eccentrics  to  be  of  cast  iron,  5iin.  throw,  and  to  be  keyed 
fast  on  their  places,  the  greatest  possible  care  being  taken  before  this  is 
done  that  their  correct  positions  upon  the  shaft  have  been  ascertained. 
The  eccentric  straps  and  other  portions  of  the  gearing  to  be  of  the  best 
Low  Moor  iron,  case  hardened,  and  re-cleaned  up.  The  wrought  iron-work 
to  be  all  composed  of  Low  Moor,  or  of  equally  approved  iron,  and  got  up 
with  the  best  finish.  All  the  pins  must  be  of  shear  steel,  and  hardened^ 
Longitudinal  frames  to  be  of  the  best  iron  in  one  plate,  2ft.  lOin.  extreme 
depth,  and  lfin.  thick,  planed  inside.  All  the  holes  must  be  marked  and 
drilled  to  one  template,  and  rimered  out  to  the  exact  size  given ;  and  every 
bolt  securing  the  cylinders,  stays,  &c,  to  be  turned  to  gauge,  fitted,  and 
driven  tight  into  its  place.  All  the  bolts  must  be  carefully  made,  and 
turned  up  to  the  exact  size. 

When  the  frames,  cylinders,  &c,  are  all  bolted  and  riveted  together,  and 
before  the  boiler  and  wheels  and  axles  are  put  into  their  places,  the  cor- 
rectness of  all  the  dimensions,  and  the  truth  and  accuracy  of  all  the  work 
must  be  carefully  checked  by  diagonal  as  well  as  longitudinal  and  transverse 
measurement.  The  frames  must  be  strictly  square  and  free  from  cross 
windings,  and  the  guard-plate  perfectly  square  with  the  engine  in  all 
directions. 

The  feet  and  angle  irons  on  every  stay,  and  of  every  kind,  where  they 
bed  upon  the  frames,  must  be  planed  perfectly  true,  and  to  the  exact  length 
required,  so  that  they  fit  perfectly  to  their  places  without  setting  or  twist- 
ing ;  and  every  hole  must  bo  rimered  out  that  it  may  be  perfectly  fair 
throughout,  as  specified  for  the  frames.  No  liners  or  filling  pieces  will  be 
allowed  to  make  up  imperfect  work  for  dimensions.  The  axle  boxes  to  be 
of  best  cast  iron,  fitted  carefully  to  template  both  inside  for  the  steps  and 
outside  for  the  rubbing  pieces.  The  steps  to  be  of  best  hard  gun  metal, 
and  to  be  confined  by  iron  boxes  underneath  the  journals.  Care  must  be 
taken  in  fixing  the  oil  pipes  in  the  top  of  the  axle  boxes,  that  they  be  so 
placed  as  to  convey  all  the  oil  directly  on  the  top  of  the  journals,  and  that 
it  is  not  wasted  by  running  away  between  the  side  of  the  brass  and  the 
inside  of  the  box.  The  axle  box  bottoms,  or  oil  cellars,  are  kept  up  in 
their  places  by  bolts  as  shown.  All  the  steps  must  be  perfectly  bedded 
into  their  respective  axle  boxes  and  well  fitted  on  the  journals.  The  leading 
and  trailing  wheel  boxes  are  to  have  half-inch  lateral  play,  but  the  driving 


wheel  boxes  must  have  no  more  space  allowed  between  the  boxes  and 
rubbing  pieces  than  just  sufficient  to  allow  each  axle  box  to  slip  readily  and 
freely  into  its  place.  The  rubbing  pieces  on  horn  plates  to  be  of  hard  and 
strong  cold  blast  cast  iron,  correctly  fitted. 

All  the  springs  must  be  made  of  the  very  best  spring  steel.  Each  spring 
must  be  tested  before  being  put  in  its  place,  by  being  weighted  until  the 
camber  has  been  taken  off,  and  on  the  removal  of  the  weight  the  spring  is 
found  to  resume  its  original  form. 

The  cylinders  to  be  I7in.  diameter,  and  24in.  stroke  placed  inside  the 
framing,  and  inclined  as  shown,  made  of  the  very  best  iron,  perfectly  free 
from  honeycomb  or  any  defects  whatever ;  they  must  be  truly  bored  out» 
the  front  and  end  being  bell-mouthed  &  of  an  inch,  so  that  the  pistons 
may  be  easily  put  in  their  places.  All  the  joints  to  be  planed,  turned,  or 
scraped  to  a  true  surface,  so  that  perfect  joints  can  be  made  with  a  coat  of 
very  thin  linseed  oil  laid  on  with  a  brush.  Each  cylinder  to  be  bolted  to 
the  frames  with  l|in.  bolts.  It  is  most  essential  that  those  as  well  as  all 
the  other  bolts  should  be  carefully  turned  to  fit  perfectly  tight  in  good  true 
holes.  Steam  ports,  14  x  If.  Exhaust  port.  14  x  3£.  Lap  of  valve, 
ljin.  outside,  r\  inside,  lead  £in,,  full  travel  5in.  The  body  and  plate  of 
the  pistons  to  be  of  the  best  toughened  cast  iron,  and  the  rings  of  gun 
metal;  the  latter  must  be  turned  fin.  larger  than  the  diameter  of  the 
cylinders  with  a  iin.  cut  out  of  them,  and  then  the  two  ends  brought  close 
together,  and  returned  to  the  exact  diameter  of  cylinder,  and  properly  fitted 
with  a  stop.  The  weight  of  the  piston  must  be  carried  upon  the  packing 
rings,  and  not  upon  the  body  of  the  piston. 

All  the  flat  surfaces  must  be  well  and  peifectly  scraped,  and  made  steam- 
tight.  The  piston  rods  to  be  2|in.  diameter,  and  made  of  steel.  The 
slide  valves  to  be  set  with  a  lead  of  T35  of  an  inch,  and  to  be  made  of  the 
best  guu  metal.  The  regulators  to  be  made  of  gun  metal  in  joints,  scraped 
up  to  a  perfect  surface,  and  the  lever  that  works  the  valve  must  fit  on 
without  shaking,  and  work  smoothly  throughout  the  whole  stroke  of  the 
valve.  The  slide  bars  to  be  of  steel.  The  slide  blocks  to  be  of  cast  iron 
and  to  have  lubricating  boxes.  The  connecting  rod  to  be  of  the  best 
fagoted  iron,  and  to  be  bright  all  over.  The  boiler  is  to  be  fed  by  a  pair 
of  No.  10  Giffard's  Injectors.  The  feed  pipes  to  be  of  copper,  No.  8  wire 
gauge,  and  must  be  brazed  on  the  inside  with  hard  solder,  care  to  be  taken 
that  the  pipes  are  so  set,  that  the  flanges  of  the  joints  come  fairly  to  their 
places  without  any  spring  upon  the  pipes.  The  steam  pipes  to  be  of 
copper,  No.  14  gauge,  and  all  the  flanges  must  have  scraped  surfaces. 
The  hand  rails  to  be  of  iron,  H'in.  diameter,  and  secured  to  saddle  tank 
with  brass  studs. 

The  whole  of  the  boiler  and  fire  box  to  be  covered  with  white  pine,  well 
seasoned,  in  strips  of  not  more  than  2i'm.  wide  by  lin.  thick,  tongued  into 
each  other  by  hoop  iron  Jin.  wide,  and  the  whole  well  and  neatly  covered 
by  sheet  iron,  No.  18  wire  gauge,  and  well  secured  by  brass  hoops.  Two 
3£in.  safety  valves,  of  Naylor's  or  Kamsbottom's  arrangement,  to  be  placed 
over  the  fire  box.  One  glass  gauge  and  three  gauge  cocks  from  pattern  to 
be  supplied.  The  whistle  to  be  made  of  hard  brass  to  pattern.  All  bolts 
and  nuts  must,  iu  every  instance,  be  to  Whitworth's  standard  thread. 

The  saddle  tank.placed  over  the  barrel  of  boiler,  is  to  be  made  of  ts  in.  best 
sheet  iron,  stiffened  with  ties  inside,  to  be  well  riveted  together,  and  the 
points  of  the  rivets  neatly  snapped.  The  heads  of  all  the  rivets  must  be 
properly  set  up;  all  joints  properly  caulked.  The  plates  to  be  riveted 
together  with  |in.  rivets.  Buffer  beams,  l|in.  rolled  iron,  to  be  fitted 
with  draw-hooks  and  chains  at  both  ends  of  the  engines.  The  buffers  to 
he  Corlett's  patent.  Four  sand  boxes  to  be  provided  with  copper  pipes, 
&c,  complete.  All  the  working  parts  to  be  furnished  with  perfect  means 
of  lubricating.  The  glass  water  gauge  must  be  so  placed  that  the  lowest 
visible  part  of  the  glass  is  3in.  above  the  highest  part  of  crown  of  the  fire 
box.  Lamp-holders  to  pattern  to  be  fixed  as  instructed.  Cocks  to  be 
supplied  and  fitted  for  cylinders,  blow-off,  scum-water,  &c.  (of  which 
patterns  will  be  supplied) ;  to  be  of  gun  metal.  The  boiler  and  fire-box 
casing  to  have  two  coats  of  red  oxide  paint,  previous  to  having  the  lagging 
put  on,  and  the  wood  with  two  coats  of  lead  colour.    The  frames,  wheels  , 
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tank,  and  all  other  necessary  parts  of  the  engine  to  have  two  good  coats  of 
lead  colour  previous  to  the  filling,  which  must  be  done  with  three  coats 
rubbed  to  a  perfectly  smooth  surface,  and  with  another  coat  of  lead  colour 
previous  to  the  finishing,  which  is  to  be  done  in  the  usual  way  adopted  at 
the  Eedfern  Railway  Works. 

General  Stipulations. 

Throughout  the  whole  the  very  best  materials  and  workmanship  is  to 
be  used  in  every  way  equal  to  the  best  class  of  locomotive  engines,  and  the 

manufacturer  will  be  held  responsible  for  their  safe  delivery  at  

and  for  all  defects  of  whatever  kind  which  may  arise  from  imperfect  work- 
manship or  material,  until  they  shall  have  run  a  distance  of  (1,000)  one 
thousand  miles  with  proper  load3  upon  some  portion  of  the  railway  for  which 
they  are  intended. 

The  whole  of  the  engines  are  to  be  completed,  delivered,  and  set  to 
work  entirely  to  the  satisfaction  of  the  Engineer  for  Existing  Lines  of  Rail- 
way within .    The  engineer,  or  any  officer  appointed  by  him,  shall  have 

full  liberty,  at  all  reasonable  times  during  the  construction,  to  examine  all 
material  or  work  which  may  be  intended  for  them,  and  to  reject  the  whole 
or  any  portion  that  may  be  thought  necessary  ;  and  any  so  rejected  shall 
immediately  be  replaced  in  a  satisfactory  manner  by  the  contractor,  and  at 
bis  cost.  The  dimensions  figured  upon  the  drawings  to  be  preferred  in 
all  cases  to  measurement  by  scale.  While  the  foregoiug  specification  sets 
forth  the  general  detail  of  the  engines,  the  engineer  resetves  the  option 
of  such  modifications  as  he  may  find  necessary  as  the  work  proceeds,  so  long 
as  the  general  dimensions  are  not  interfered  with,  without  any  claim  of 
extra  payment  Wing  allowed.  The  drawings  and  specification  must  be 
taken  to  explain  each  other;  but  should  there  be  any  work  and  materials 
which  may  be  reasonably  and  obviously  considered  necessary  for  the  proper 
completion  of  th?  engines,  but  which  has  not  been  shown  on  the  drawings, 
or  described  in  the  specification,  or  that  may  be  mentioned  cr  implied  in 
one  only,  the  same  must  be  considered  as  included  in  the  contract,  and  the 
contractor  must  find  whatever  may  be  necessary  to  complete  the  engines 
according  to  the  true  intent  and  meaning  of  the  specification  and  draw- 
ings ;  and  in  all  cases  of  defective  description  or  ambiguity,  the  explana- 
tion given  by  the  engineer  shall  be  binding  upon  the  contractor.  The 
engineer  reserves  to  himself  the  power  of  making  any  deviation  from  or 
additions  to  the  engines,  without  invalidating  the  contract — the  value  of 
such  deviations,  alterations,  or  additions  to  be  ascertained  and  allowed  for 
by  the  engineer,  at  such  rates  as  he  shall  consider  to  bear  a  due  proportion 
to  the  other  work  of  the  engines,  and  the  value  thereof  added  to  or 
deducted  from  the  amount  to  be  paid  to  the  contractor,  as  the  case  may 
be.  In  the  event  of  the  construction  of  the  engines  not  proceeding  with 
that  despatch  which  the  engineer  may  consider  necessary,  or  the  con- 
tractor fails  from  any  cause  to  proceed  in  the  execution  of  hi-  contract,  the 
commissioner  shall  have  full  powtr  and  authority  to  cuncel  the  contract,  as 
far  as  relates  to  the  work  remaining  to  be  done  ;  and  in  such  case  the 
moneys  which  shall  have  been  previously  paid  to  the  contractor  on  account 
of  the  work  executed,  shall  be  taken  by  him  as  full  payment  for  all  the 
work  done  and  materials  supplied  under  the  contract ;  and  upon  notice  in 
writing,  under  the  hand  of  the  commissioner,  that  he,  under  the  authority 
of  this  condition,  cancels  the  contract,  Wing  served  upon  the  contractor, 
or  left  at  his  but  know  n  place  Of  abode,  the  contract  shall  be  cancelled,  and 

thereupon  all  rami  of  money  Mi  it  may  be  dne  or  unpaid  to  the  c  mtractor, 
together  with  the  por  iom  of  the  engim  ■  left  nnflniahed,  and  all  annul  of 
money  na  i  n  al  ties  for  the  non-fnl  Ailment  of  the  contract)  ahall  be 

forfeited  and  become  payable  to  the  c  ier(  and  the  laid  portion!  of 

the  engines  shall  become  and  be  the  absolute  property  of  the  c  immiseionei . 
and  with  the  moneys  so  forfeited  nod  payable  as  a/orcsaid,  shall  bo  con- 
sidered aa  ascertained  damages  for  breach  of  contract  The  commissioner 
will  afford  every  facility  to  parties  w  this  contract,  so  far  a 

Helling  of  any  stores,  for  which  c  isl  price,  with  10  per  cunt,  added,  i-  to  he 
paid,  or  the   loan  of  any   tools  be   may   pisses',  and   which   can   be  c 

niently  spared  at  the  time,  to  i»-  charged  iybe  arranged.    The 

contractor  will  bare  to  satisfy  himself  of  the  accuracy  of  the  drawings,  and 


lay  down  a  full  sized  working  drawing  of  the  engine,  showing  all  tlu> 
details.  The  tender  is  to  include  all  expenses  of  removing,  delivery,  and 
trials,  as  well  as  all  the  necessary  working  plans,  tracings,  >:cc.  If  the  c  in- 
tractor  become  insolvent,  have  his  estate  placed  under  sequestration,  or 
shall  make  an  assignment  of  his  estate  for  the  benefit  of  his  creditors,  it 
shall  be  lawful  for  the  commissioner,  without  previous  notice  to  the  con- 
tractor, or  to  the  official,  or  other  assignee,  or  assignees  of  his  insolvent 
estate,  or  to  the  trustee  or  trustees  under  the  assignment,  to  take  such  of 
and  all  portions  of  the  engines,  whether  completed  or  not,  from  the  i 
tractor  and  from  the  assignees  or  trustees  of  his  estate,  and  re-contract  with 
any  other  parson  or  persons  to  proceed  with  and  complete  the  said  engines, 
upon  such  terms,  stipulations,  and  conditions,  as  shall  be  deemed  expedient 
The  contractor  will  be  required  to  provide  two  approved  persons  as 
sureties,  to  enter  with  him  into  a  bond  to  the  Commissioner  for  Railways, 

in  the  penal  sum  of  for  the  proper  performances  and  completion 

of  the  contract.  The  names  of  the  persons  proposed  by  him  as  sureties, 
must  be  stated  in  the  tender,  the  Commissioner  for  Railways  reserving  to 
himself  tho  power  of  rejecting  such  proposed  sureties,  should  he  deem  it 
advisable  to  do  so.     Should  the  contractor  fail   to  procure  such  persons  as 

may  be  deemed  by  the  commissioner  to  be  eligible  sureties,  within  

days  from  the  acceptance  of  the  tender,  or  should  the  contract  >r  fail  to 
execute  the  contract  for  the  due  performance  of  the  work,  or  to  execute 
and  to  procure  the  due   execution,  by   the    persons   so  approved  of, 
sureties  of  the  bond  required  for  securing  the  due  completion  of  the  work 

to  be  done  under  the  said  contract,  within  days  after  the  ac> 

aqce  of  such  persons  as  sureties  has  been  notified  to  him.  the  commissioner 
will  have  the  option  of,  and  full  power  and  authority  to  declare  such  accept- 
ance to  be  annulled.     Payment  will   be  made  on  the  engineer's  certificate 

as   the  engines  progress,  unless  same  shall   become  not  payable 

by  reason  of  anything  contained  in  these  conditions  up  to  the  date  specified 

for  the  completion  of  the  contract  in  the  proportion  of  the  value 

of  the  work  satisfactorily  executed,  and  the  remaining  will  he  [aid 

after  the  engineer  has  certified  that  tho  whole  of  the  engines  have  been 
completed  to  his  entire  satisfaction.  The  words  "or  any  officer  appointed 
by  hiin  "  in  these  general  conditions,  shall  mean  any  person  who  may,  from 
time  to  time,  be  appointed  by  the  Engineer  for  Existing  Lines  of  Rail- 
way, to  supervise  the  work  ;  and  the  words''  Engineer  for  Existing  Lines" 
"  Engineer,"  shall  mean  tho  Engineer  for  Existing  Lines  of  Railways  for 
the  time  beiug  of  the  Commissioner  for  Hail  ways. 

J.  II.  THOMAS. 
Engineer  for  Existing  Lines  of  Railways:, 


MORTON'S    EJECTOR-CONDENSER. 

I  lur  readers  will  remember  that  at  the  beginning  of  this  year  we  gavo  a 

Plate   and   full    description   of   this    clever    invention.     We  have  now 
pleasure   Of  supplementing  that  account    by  a  report   of  some    interesting 
experiment-,  ma  le  by  Professor  W..I.  M.  Kankincoii  an  engine,  at  Ryesholm 
Pit,    near    Dairy,    Ayrshire,  which    is    (It Led  with  Mr.  Morton's    a;>pu 
and  which  is  as  follows: — 

1.— lii.vr.im.    Disi  illPTIOV  OP  TtIK   BSOOT. 

Tho  engine  on  which  the  following  experiment!  were  mad 
oylindered  double-acting  horizontal  I 

.  which,  bj  mi  ina  ol  luitabl  .  and  a  pair  of  b  ll-crauk  li  i 

works  B   pair  of  pumps    for    raisin,'    water  IV  im  u  pit.      Thl 

the  engine  at   a  given  speed   i^  thus  practically  <•  Detent.     During  the 

I  revolutions  per  minutd  WBI  kepi  up: 

and  the  indicated  horse-power  was  24}.    The  cyliudor  is  withoul 

ted    through   coi  di  u  al  lot 
reparation   In   the   cylinder,   which   might  be  saved  If  there  « 
jack,:.    Throughout  the  experin  d  at  full  sU 

tho  admia  in  from  the  beginning  t  i  the  end  ol  tho  sti  ike. 

end    ..I'   :1,  • 

eatenl  of  abonl  81b.  on  the  square  inch,  below  tho 

i hi •  i-  on.-  of  the  eil ecu  of  condensation  In  the  cylinder,    Tnsj  ol- 1  -how 
a  gradual  formation  of  the  vacunm,  duriog  the  earlier  part  of  tho  return 

id  this  i.-,  an    effect    "f  tie  :i  ii    ol   « 
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liquefied  in  the  cylinder,  through  the  want  of  a  steam  jacket.  The  engine 
was  originally  non-condensing,  and  was  converted  into  a  condensing  engine 
by  the  addition  of  an  ejector-condenser. 

2. — Principal  Dimensions  of  the  Engine. 

Stroke    4Jft. 

Diameter  of  cylinder    18in. 

Area  of  piston  (allowing  for  half  piston  rod) 252  sq.  in.  =  1.75  sq.ft. 

Space  swept  by  piston  per  revolution 15.75  cubic  ft. 

Space  swept  per  minute,  at  22  revolutions 346.5  cubic  ft. 

Mean  speed  of  piston,  at  22  revolutions  per  minute  198ft.  per  minute. 
3.— General  Description  oe  the  Experiments. 

The  engine  being  kept  working  at  the  before-mentioned  steady  speed 
of  22  revolutions  per  minute,  the  quantity  of  water  discharged  from  the 
condensing  apparatus  was  measured  by  means  of  a  suitable  gauge;  and 
the  rise  of  temperature  of  that  water  was  ascertained  by  comparing 
together  two  thermometers,  one  in  the  cold  well  and  the  other  in  the  hot 
well.  Thus  were  obtained  data  for  calculating  the  total  expenditure  of 
steam,  from  its  heating  effect  on  the  condensation  water.  Indicator 
diagrams  were  also  taken  to  show  the  power,  and  the  pressure  and  vacuum 
in  the  cylinder  when  working  as  a  condensing  engine.  The  exhaust  pipe 
of  the  cylinder  was  then  disconnected  from  the  condensing  apparatus,  and 
made  to  discharge  the  exhaust  steam  into  the  air.  The  engine  was  thus 
made  to  work  as  a  non-condensing  engine,  at  the  same  speed  and  against 
the  same  load  as  formerly;  and  indicator  diagrams  were  taken  to  show 
the  pressure  in  the  cylinder  under  these  circumstances.  All  the  diagrams 
showed  the  same  mean  effective  pressure,  viz.,  16.21b.  on  the  square  inch; 
and  the  same  power,  viz.,  24  indicated  horse-power.  The  boiler  pressure, 
as  shown  by  the  steam  gauge,  ranged  from  29  to  321b.  on  the  square  inch 
above  the  atmosphere;  but  in  all  the  experiments,  whether  with  or  with- 
out condensation,  the  pressure  in  the  cylinder  was  greatly  reduced  by 
means  of  the  throttle  valve.  The  vacuum  gauge,  when  condensation  was 
used,  remained  almost  perfectly  steady  at  24in.  =  11.761b.  on  the  square 
inch ;  and  this  is  sensibly  identical  with  the  greatest  vacuum  shown  by 
each  of  the  diagrams. 

F  I  G.I. 

—  MAXIMUM    PRESSURE 


r 


CONDENSING 

MAXIMUM     P 
FIC.2. 


SCALE   OF   DIAGRAMS^© 


NON      CONDENSING 
FIG  .3. 


4. — Experiments  made  vtrrHour  Condensation. 

Initial  pressure  of    steam ;   lb.   on  the   square  inch  above 

atmosphere 19 

Pinal  pressure,  ditto 16 

Weight  of  steam  expended  in  lb.  per  hour,  as  calculated  from 

final  pressure  in  cylinder 1578 

Ditto,  in  lb.  per  I.H.P.  per  hour 64'4 

Weight  of  steam  expended  in  lb.  per  hour,  as  calculated  from 

initial  pressure  in  cylinder   1731 

Ditto,  ditto,  per  I.H.P.  per  hour 707 

5. — Experiments  made  with  Condensation. 
Initial  pressure  of  steam ;   lb.  on   the   square   inch  above 

atmosphere 9 

Final  pressure,  ditto 6 

Vacuum  at  the  end  of  exhaust,  lb.  on  the  square  inch ll-7 

Weight  of  steam  expended  in  lb.  per  hour,  as  calculated  from 

final  pressure  in  cylinder 1086 

Ditto,  ditto,  per  I.H.P.  per  hour 44*3 

Weight  of  steam  expended  in  lb.  per  hour,  as  calculated  from 

initial  pressure  in  cylinder    1234 

Ditto,  ditto,  per  I.H.P.  per  hour 50'3 

Hence  it  appears  that  when  the  expenditure  of  steam  is  computed  from 
the  indicator  diagrams,  it  is  found  to  be  reduced  by  the  iiddition  of  the 
condenSyig  apparatus  to  about  seven-tenths  of  its  previous  amount,  when 
the  engine  is  doing  the  same  work  ;  in  other  words,  the  saving  is  30  per 
cent. 

6. — Result  oe  Experiments  on  the  Condensation  Water. 

The  quantity  of  water  discharged  from  the  condensing  apparatus  was 
gauged  by  causing  it  to  pass  out  of  a  tank  through  an  accurately  turned 
and  measured  circular  orifice  in  a  thin  plate  of  sheet  iron,  and  measuring 
the  height  above  the  centre  of  that  orifice  at  which  the  surface  of  the 
water  in  the  tank  stood.     The  following  are  the  data  and  results : — 

Diameter  of  the  orifice,  inches 3"5 

Total  area,  in  fractions  of  a  square  foot   006682 

Effective  area,  the  coefficient  of  contraction  being  0'618  0-0412 

Head  of  water  in  tank lift. 

Velocity  at  contracted  vein  produced  by  that  head,  feet 

per  second 0'03 

Discharge,  cubic  feet  per  second    0372 

minute  22"32 

hour  1339-2 

„  lb.  per  hour    83430 

Temperature,  cold  well   52°  Fahr. 

„  hot  well    70°     „ 

Difference 18°     „ 

Units  of  heat  (British)  per  hour  given  by  the  steam  to 

the  water,  very  nearly 1,502,000 

Total  heat  of  steam  from  52°  to  230°  (being  the  tempe- 
ratures corresponding  to  final  pressure  in  cylinder) 

British  units 1,131 

Total  steam  condensed  in  lb.  per  hour,  as  calculated 

from  effect  on  water  of  condensation 1328 

Ditto  per  indicated  horse-power  per  hour 54-2 

The  excess  of  the  total  expenditure  of  steam  as  thus  computed,  above 
the  expenditure  as  shown  by  the  diagrams,  is  to  be  accounted  for  mainly 
by  condensation  and  re-evaporation  in  the  cylinder,  which  go  on  in  all 
engines  not  provided  with  steam  jackets. 

7. — Further  Comparisons  op  Expenditure  op  Steam. 

The  calculations  of  the  expenditure  of  steam  in  lb.  per  hour,  and  in  lb. 
per  indicated  horse-power  per  hour,  with  and  without  condensation,  are 
here  recapitulated: — 

With  Condensation. 

Lb.        Lb.  Steam 

Steam      per  I.H.P. 

per  Hour,    per  Hour. 

A.  Calculated  from   a  final  pressure   as   shown  by 

diagram    1086  44-3 

B.  Calculated   from  initial  pressure,  as   shown   by 

diagram,  the  fall  of  pressure  during  admission 

being  ascribed  to  liquefaction  in  the  cylinder  ...       1234  503 

C.  Calculated  from  effect  on  temperature  of  water 

discharged    1328  54'2 

Without  Condensation. 

D.  Calculated  from    final  pressure,    as  shown   by 

diagram     >       1578  64'4 

F.  Calculated  from  initial  pressure,  as  shown  by 
diagram,  the  fall  of  pressure  during  admission 
being  ascribed  to  liquefaction  in  the  cylinder  ...       1731  70-7 


Decestbeb  1,  1869.] 


THE  AETIZAN. 


269 


The  difference  between  the  numbers  marked  B  and  C  in  the  preceding 
Table,  viz.,  941b.  per  hour,  or  3'91b.  per  indicated  horse-power  per  hour, 
being  7  per  cent,  of  the  total  expenditure  of  steam  marked  C,  represents 
the  quantity  of  steam  lost,  or  ineffectively  expended,  through  the  following 
causes : — 

1.  Filling  cylinder  ports  and  clearance. 

2.  Liqaefaction  immediately  on  entering  the  cylinder  (fallowed  by  re- 
evaporation  during  return  stroke). 

3.  Leakage  past  the  packing  of  the  piston. 

4.  Expenditure  at  the  starting-jet  of  the  condensing  apparatus. 

It  is  evident,  however,  that  the  first  three  causes  alone  are  sufficient  to 
account  for  the  whole,  or  nearly  the  whole,  of  a  waste  of  steam  amounting 
to  7  percent,  of  the  whole  expenditure;  and  this  is  in  accordance  with  the 
fact  that,  during  the  working  of  the  engine,  the  cock  of  the  starting-jet 
is  kept  so  nearly  closed  that  the  escape  through  it  must  be  almost  in- 
appreciable, being  just  sufficient  to  prevent  the  suction  of  air  at  the  small 
hole  in  the  cylinder  of  the  self-acting  piston-valve,  by  which  the  starting- 
jet  is  regulated. 

When  the  engine  was  worked  without  condensation  there  were  no  means 
of  measuring  the  total  expenditure  of  steam,  including  waste,  as  there  were 
when  condensation  was  used.  If  we  assume,  however,  an  allowance 
which  is  commonly  made  in  practice  for  clearance,  leakage  of  piston, 
packing,  &c,  viz.,  5  per  cent.,  we  obtain  the  following  probable  estimate  of 
the  total  expenditure  of  steam  without  condensation  : — 

Lb.         Lb.  Steam 
Steam     per  I.H.P. 
per  Hour,    per  Hour. 
-F.  Expenditure,  as  already  calculated  from  initial 

pressure 1731  707 

Add  5  per  cent,  for  clearance,  leakage,  &c 87  3"5 

F.  Probable  total  expenditure  without  condensation       1818  74-2 

O.  Total  expenditure  with  condensation,  as  before...       1328  54'2 

Difference,  being  net  saving  by  the  use  of  the 

ejector-condenser 490  20-0 

Being  27  per  cent,  of  the  greater  expenditure.     This,  however,  is  probably 
a  low  estimate  of  the  saving ;  for  it  is  based  on  a   low  estimate  of  the 
waste  of  steam  in  the  non-condensing  engine. 
8. — Usefcl   Wobk. 

The  useful  work  done  by  the  engine  is  calculated  from  the  following 
data  : — 

Diameter  of  bucket  of  each  of  the  two  pumps lO^in. 

Stroke 4ft. 

Height  of  lift  25  fathoms  =  150ft. 

Double  strokes  per  minute,  5-9ths  of  number  of  revolu- 
tions of  engine,  or 12£ 

The  results  are  : — 

Work,  foot-pounds  per  minute 550,368 

Ell'ective  horse-power 16'68 

Indicated  horse-power,  as  already  stated 24-5 

Efficiency,  or  ratio  of  effective  to  indicated  power "68 

That  is  to  say,  32  per  cent,  of  the  indicated  power  is  the  power  expended 
in  overcoming  the  friction  of  the  pistons,  valves,  mechanism  of  engine  and 
pumps,  and  pump  plungers,  and  the  resistance  of  pipes  and  valves  to  the 
motion  of  the  water  raised  by  the  pumps. 
9. — Conclusions. 

The  principal  conclusions  to  be  drawn  from  the  experiments  are,  that 
the  use  of  the  ejector-condenser  effects  a  saving  of  steam,  as  compared 
with  the  expenditure  of  steam  by  the  same  engine  when  doing  the  same 
work  without  condensation,  which  certainly  amounts  to  27  per  cent.,  and 
probably  to  80  per  cent.  ;  that  there  is  probably  a  greater  proportionate 
having  in  the  fuel  burned  ;  for  it  is  well  known  that  a  diminution  in  the 
absolute  quantity  of  fuel  burned  in  a  boiler  increases  the  proportionate 
evaporative  power  of  the  fuel,  by  diminishing  the  waste'  of  heat  :  that  there 
is  a  steady  vacuum  of  24tn.  of  mercury,  or  ll*751b.  on  the  square  inch  : 
that  the  expenditure  of  steam  by  the  starting-jet  is  certainly  very  email, 
anl  probably  almost  inappreciable:  that  the  condensing  apparatus  is 
easily  manageable,  and  not  liable  to  get  ont  of  order;  and  that  it  baa  been 
addul  to  the  engine  without  requiring  any  addition  to  tie:  size  of  the 
engine-house,  and  without  causing  any  inconvenience  by  tie-  space  which 
it  occupies  there. 

It  may  be  remarked  thai  the  pri  apleofthe  • 

having  been  originally  Inl  mdi  1  for  a  larger  en 

of  water  greater  than  is  absolutely  necessary  for  thi  f  the 

■team,  ami  therefore  at.  a,  lower  temperature  than  if  the  condenser  bad 
been    ipecially  designed  for  the  engine;  and  that  it   therefore  dot 
show  the  advantages  of  the  i  their  full  extent, 

ned)  V.',  •!.  U 

Glasgow,  September  11,  1869, 


THE  "SIX  NANZING,"  NEW  PADDLE  STEAMER. 
The  "  Sin  Nanzing,"  a  new  paddle  steamer  built  and  ensined  by  Mr.  John 
Elder,  Glasgow,  to  the  order  of  Messrs.  Robinows  &  Marj oribanks  for 
Messrs.  Trautmann  &  Co.,  of  the  North  China  Steam  Navigation  Comp  »ny, 
successfully  completed  her  trials  for  speed  and  for  economy  of  consumption 
of  fuel  on  October  30th.  The  dimensions  of  this  vessel  are: — Length 
between  perpendiculars,  225ft.;  beam,  32ft.;  depth  of  bold  to  spar-deck, 
23ft.  3in.  Her  engines  are  on  the  compound  principle  for  which  the  firm 
of  Randolph,  Elder,  &  Co.,  have  been  so  long  distinguished ;  they  are 
diagonal,  and  have  four  cylinders.  The  stipulations  were,  that  the  spec! 
of  the  vessel  on  trial,  with  100  tons  of  dead  weight  on  board,  should  not 
be  less  than  14  knots  per  hour,  on  a  consumption  not  exceeding  25cwt. 
of  coals;  and  that  the  speed  on  a  second  trial,  with  668  t)ns  dead  weight 
on  board,  should  not  be  less  than  10V  knots,  on  a  consumption  not  ex- 
ceeding 20cwt.  per  hour.  The  first  stipulation  was  successfully  performed 
on  Monday,  the  25th  Oct.,  the  distance  being  28  nautical  miles.  The  trial 
for  the  second  stipulation  came  off  on  the  30th  of  October.  The  result 
was,  that  on  a  run  of  upwards  of  90  nautical  miles,  the  speed  was  10.86, 
instead  of  the  stipulated  10.5  knots  per  hour.  Basides  this,  the  consump- 
tion of  coal  was  only  18jcwts.  per  hour,  instead  of  the  permitted  20cwts., 
showing  an  economy  in  consumption  of  fuel  over  what  was  required  of  9 
per  cent.  Had  the  whole  of  the  permitted  fuel  been  used,  the  speed  would 
have  been  still  more  in  excess  of  what  was  stipulated.  As  it  was,  the 
agreed  upon  premium  for  the  actual  excess  was  won  by  the  builder.  Had 
the  "  Sin  Nanzing  "  realized  only  what  had  been  stipulated,  it  would  have 
furnished  another  most  convincing  proof  of  the  correctness  and  great 
practical  value  of  the  principle  of  steam  expansion,  which  was  introduced 
by  the  firm  into  the  construction  of  marine  engines,  now  some  15  years 
ago.  But,  when  the  dimensions  of  this  vessel  are  considered,  the  actual 
results  obtained  furnish  the  strongest  demonstration  which  lias  yet  been 
given  of  the  immense  superiority  of  the  compound  engines  over  those  of 
the  common  type.  During  the  long  period  which  has  elapsed  since  the 
time  referred  to,  the  firm  have  devoted  their  special  attention  to  this 
branch  of  their  business,  introducing  from  time  to  time  many  important 
improvements.  From  first  to  last  they  have  made  (including  those  at 
present  contracted  for)  no  less  than  73  sets  of  these  engines,  22  being  for 
paddle,  and  51  for  screw  steamers. 


BOILER   EXPLOSION   ON    BOARD   H.M.S.   "THISTLE." 

The  bursting  of  one  of  the  boilers  of  this  vessel  took  place  under  such  peculiar 
circumstances,  and  was  attended  H  ith  such  disastrous  results,  that  something 
more  than  what  is  called  "a  searching  investigation"  is  required,  not 
only  to  account  for  it,  but  to  prevent  similar  explosions  upon  the 
numerous  other  sister  ships  to  the  ill-fated  Thistle.  In  order  to  enable 
our  readers  to  form  a  correct  opinion  cf  the  situation,  we  may  state 
that  the  Thistle  was  a  twin  screw  vessel  of  465  tons  burden,  carrying 
four  guns,  and  of  120-horse  power  collectively,  and  was  one  of  a  class 
of  vessels  lately  constructed,  under  the  following  circumstances;  —  It  will 
be  remembered  tint  at  the  time  of  the  Crimean  war,  a  number  of  high- 
pressure  gunboats  of  60-horse  power  were  constructed,  and  that  Hubsoqucnt 
experience,  notably  duriug  their  service — or  rather  their  attempt  at  service 
— on  the  coast  of  China,  .-.bowed  them  to  be  uitei-  failures.  The  cause  of 
this  failure  was,  we  believe,  attributed  to  wretched  construction  of  the 
hulls  of  the  vessels,  which  were  built  at  a  time  when  skill)  d  labour  com- 
manded something  like  fourteen  shillings  a  day  on  the  Thames.  Although 
this  may,  unfortunately,  have  been  the  immediate  cause  of  the  failure  of 
some  of  these  vessels,  there  is  no  doubt  but  that  the  design  for  the 
machinery  was  also  faulty.    We  do  not  mean  to  say  that  the  workmanship 

was  interior,  lor  we  may  say  Unit   we   never   saw    it   excelled,  but  that,   in 
spite  ot  the  bed  workmanship,  it  was  impossible  to  work  high-press 
engines  with  small  tubular  boilers  carrying  001ns,  steam  for  ani  length  of 

time  in  salt  water.      The   fuel  is  salt    water  and  high-pressure  do  not  agree 

'■ier;    this  is  especially  Illustrated  by  the  numerous  blgb-preasure 

boats  about  the  COaSl    of  China   and  the    Bait,  Which,    as    l.ir    SJ   our  i 

rience  extends,  haveni  ver  been  able  to  run  regularlyfor  three  months  without 
repairs.  Although,  in  some  ense-,  as  for  instance  in  many  ot  the  earlier 
American  engines,  the  workmanship  may  have  been  inferior,  moal  of  the 

engines  and  boilers  are  ex idingly  well  made,  and  consequently   their 

failure  is  only  t  i  be  accounted  for  by  the  '•  that  it  is  ira- 

i !.  high-pressure  boilers  with  nil  water. 

hi    o  i   the  I  iiu i 

twin    screw    \.  which    the    Th\  ■  hue    bean  eou- 

ken    from    i  ne    •  f   Iho  and 
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The  only  peculiarity  about  the  engines  appears  to  be  an  arrangement  for 
disconnecting  the  air-pumps,  and  working  the  engines  with  high-pressure 
steam,  with  the  blast  up  the  funnel.  We  cannot  understand  the  advantage 
of  this  arrangement,  unless  it  may  have  been  to  announce  from  a  distance 
the  approach  of  such  a  formidable  vessel,  and  thus  give  the  enemy  time  to 
run  away. 

The  Thistle  was  the  last  boat  constructed  at  Woolwich  Dockyard 
before  the  closing  of  that  establishment,  and  having  been  commis- 
sioned, was  ordered  to  make  her  trial  at  the  Maplin  Sands  on  the  3rd  ult. 
previous  to  going  to  her  station  on  the  east  coast  of  Africa.  After 
a  series  of  runs  with  the  engines  condensing,  the  steam  at  501bs.  in 
the  boilers,  and  everything  apparently  in  first-rate  order,  it  was  determined 
to  try  the  engines  without  the  condensers  and  with  701bs.  steam.  After 
making  a  couple  of  runs  successfully,  and  while  turning  for  the  third,  a 
volume  of  steam  and  smoke  rushed  up  the  hatchway,  telling  only  too 
plainly  what  had  occurred.  Upon  examination  afterwards,  it  was  found 
that  the  crown  of  the  two  furnaces  in  the  middle  boiler  had  both  come 
down,  and  that  the  escaped  steam  had  killed  nine  men,  and  so  severely 
injured  may  others,  that  three  have  since  died. 

In  order  to  discover  the  cause  of  such  a  fearful  accident,  we  will  give  the 
following  extracts  from  the  evidence  of  scientific  men  at  the  adjourned 
inquest,  after  premising  that  the  only  evidence  of  consequence  at  the  pre- 
liminary meeting  was  that  of  Mr.  Williamson,  Chief  Inspector  of 
Machinery  afloat,  who  then  said ;  —  "I  discovered  that  that  the  crown 
of  the  furnace  (of  the  midship  boiler)  was  down,  which  was  the  same  with 
the  other  furnace  of  the  boiler.  There  is  no  doubt  that  the  breaking  down 
of  the  crown  of  the  boilers  was  the  cause  of  the  accident."  Mr.  William- 
son, on  being  re-called  at  the  adjourned  meeting,  deposed: — "  Since  the 
last  meeting  I  have  carefully  examined  the  defects  in  the  boiler,  with  all 
the  mountings  attached  thereto,  and  am  of  opinion  that,  from  its  general 
appearance,  the  boiler  has  been  short  of  water,  whether  from  the  feed-cock 
not  being  kept  sufficiently  open,  or  from  excessive  primiug,  I  am  not  able 
to  say.  In  my  opinion,  deficiency  of  water  was  the  cause  of  the  rupture  in 
the  boiler,  but  I  cannot  say  whether  that  deficiency  was  caused  by  the 
feed-cock  not  being  kept  sufficiently  open,  or  whether  it  arose  from  exces- 
sive priming.  There  is  an  indicator  marked  with  four  degrees,  to  show 
bow  far  the  feed-cock  is  open.  I  have  examined  the  cock  since  I  was  here 
before,  and  I  find  that  it  is  one  degree  open.  The  other  two  boilers,  which 
were  not  all  injured,  had  only  the  same  opening  in  the  feed-cock,  and  they 
were  sufficiently  supplied  with  water.  I  have  bad  no  report  from  any  one 
of  a  deficiency  of  water  in  the  boiler  being  observed  either  before  or  since 
the  rupture  occurred.  The  boilers  are  supplied  with  gauges  to  show  the 
quantity  of  water  in  the  boilers.  The  priming  in  boilers  is  generally  indi- 
cated by  the  rising  and  falling  and  general  disturbance  of  the  gauge  water- 
glass,  which  is  seen  from  the  stokehole.  If  this  occurred,  the  engineer 
ought  to  further  open  the  feed-cock  and  put  more  water  into  the  boiler, 
and  close  the  dampers,  in  order  to  reduce  the  draught  of  air  to  the  fires,  so 
as  to  reduce  the  steam." 

By  the  Coroner :  In  trying  these  measured  miles  there  is  a  desire  to 
make  the  ship  go  as  fast  as  she  will.  When  a  mile  is  made,  a  half-turn 
of  the  ship  is  made,  in  order  to  run  back.  Notice  is  given  from  the  deck 
when  the  ship  has  done  her  mile,  and  when  she  is  going  on  the  mile  again. 
This  is  communicated  to  the  engine-room  in  order  to  enable  the  person  at 
the  counter  to  take  the  revolutions  which  the  engines  make  on  the  mile 
to  stop  his  calculation  at  the  proper  moment.  The  same  communication 
is  made  to  the  engine-room  when  going  on  the  mile,  to  enable  the  same 
person  to  recommence  his  calculation.  The  half-turn  takes  some  few 
minutes  to  make,  and  during  that  period  the  engines  are  not  eased.  The 
half-turn  before  the  rupture  took  as  nearly  as  possible  seven  minutes,  and 
the  engines  were  kept  at  full  speed.  The  speed  of  the  engines  is  in- 
variably brought  up  in  making  the  half-turn.  The  engineer  in  charge 
has  the  power  of  decreasing  the  pressure  by  lifting  the  valve,  but  he  has 
no  power  of  decreasing  the  pressure  in  the  engine-room.  That  it  is  quite 
impossible  for  him  to  do,  in  consequence  of  the  mode  in  which  the  lever 
is  fitted.  I  found  on  examination  that  all  the  fittings  to  the  boiler  were 
in  proper  order.  I  do  not  think  it  is  possible  that  either  a  deficiency  of 
water  or  priming  could  arise  without  its  being  indicated  to  those  in  the 
stokehole. 

By  the  Jury  :  The  proper  pressure  of  steam  on  this  occasion  was  701b. 
to  the  square  inch,  and  supposing  the  pressure  indicated  in  the  stokehole 
was  under  that  point,  the  pressure  might  be  increased  more  quickly  by  a 
somewhat  short  supply  of  water,  because  the  introduction  of  cold  water 
would  rather  tend  to  decrease  it.  The  valve  was  properly  weighted  at  the 
time  of  the  rupture.  The  rupture  occurred  in  the  centre  boiler,  wbich, 
being  opposite  the  opening  to  the  engine-room,  would  have  a  greater 
draught,  and  the  steam  would  possibly  be  generated  more  quickly  than  in 
the  others.  That  boiler  would  therefore  want  more  closely  watching  than 
the  others,  and  would  require  a  larger  supply  of  water.  The  water  is 
injected  into  the  boilers  by  a  force  pump,  but  the  boiler  in  question  would 
not  require  a  greater  pressure  to  inject  the  water  than  the  others. 


By  the  Coroner:  I  am  not  prepared  to  say,  indeed  I  am  not  able, 
whether,  under  the  above  circumstances,  the  feed-pipe  being  one-quarter 
open  was  sufficient  to  keep  the  boiler  properly  supplied  with  water.  The 
feed-pipe  is  frequently  kept  less  than  one-quarter  open,  the  supply  of  water 
being  regulated  by  the  generation  of  steam. 

Mr.  John  Boffey,  foreman  of  boilermakers  at  the  steam-engine  factory, 
Portsmouth  Dockyard:  I  was' recently  remov?d  from  this  yard  to  Ports- 
mouth, having  been  at  Sheerness  14  years,  and  when  the  boiler  in  question 
was  made.  In  1867  I  had  an  order  to  make  seven  sets  of  boilers  of  the 
like  description,  and  the  boiler  in  question  was  one  of  them.  They  were 
high  pressure  boilers.  It  was  made  under  my  superintendence.  The 
outside  diameter  was  6ft.  lin. ;  the  furnaces  were  2ft.  4Jin.  in  diameter. 
The  casing  or  shell  was  half  an  inch  thick.  The  plates  for  the  shell  were 
supplied  by  contract  from  Messrs.  Moser  and  Sons.  The  plates  for  the 
furnace  were  from  Messrs.  Cooper,  and  were  made  of  the  best  Yorkshire 
iron.  The  tubes  were  supplied  by  Russell  and  Son.  The  length  of  the 
boilers  was  16ft.  and  half  an  inch,  and  of  the  tubes  6ft.  and  half  au  inch. 
On  the  completion  of  the  boilers  they  were  all  subjected  to  hydraulic  pres- 
sure, to  the  extent  of  1801b.  to  the  inch.  The  furnaces  were  made  of 
Cooper's  best  Yorkshire  iron,  tested  in  the  Government  establishments 
before  being  accepted  from  the  contractor.  It  was  tested  in  my  presence 
by  what  we  call  hot  and  cold  test,  which  is  to  try  the  quality  of  the  iron  as 
metal,  and  also  the  tensile  strain.  The  combustion  chamber  was  of  the 
same  deseription  of  iron,  and  the  tubes  of  the  same,  and  also  the  fronts  of 
the  boilers.  The  whole  of  the  materials  were  subjected  to  the  same  test, 
and  everything  stood  the  test  satisfactorily.  I  made  an  examination  of 
the  boilers  on  board  the  Thistle  on  Saturday.  The  two  wing  boilers  are  in 
perfect  condition,  but  in  the  third  or  midship  boiler  I  found  that  one  of 
the  furnaces  had  bulged  downwards  14  inches,  and  there  is  a  fracture  also 
in  the  upper  part  of  the  furnace.  The  consequence  of  that  was  an  escape 
of  steam  and  water,  passing  through  the  fire  and  into  the  stokehole  and 
engine-room.  The  boilers  were  quite  new  and  had  never  been  in  use 
before.  Other  boilers  of  a  like  description  have  been  in  use  for  many 
months,  and  have  worked  satisfactorily.  In  my  opinion  the  fracture  of 
the  boiler  was  caused  by  want  of  water  and  nothing  else.  The  feed-pipes 
and  all  connections  are  made  by  thejengine-fitters  and  not  by  me,  and  are 
fixed  in  the  ship.  I  have  had  30  years'  experience,  and  consider  the  boilers 
in  question  were  of  ample  strength  to  stand  any  pressure  that  may  have 
been  required  of  them.  I  attribute  the  cause  of  the  fracture  to  the  top  of 
the  furnaces  becoming  red  hot  for  want  of  water,  and  thus  the  strength  of 
the  boilers  became  completely  destroyed.  The  furnaces  were  6ft.  9in.  in 
length. 

Mr.  Andrew  Murray,  CB.,  surveyor  of  factories,  and  consulting  engi- 
neer to  the  Admiralty,  stated :  I  have  examined  the  boilers  of  the  Thistle, 
and  I  consider  it  quite  evident  that  the  furnaees  of  the  middle  boiler  had 
been  red  hot  from  want  of  water.  I  further  consider  that  the  pressure  of 
steam  of  701b.  to  the  inch  would  be  quite  sufficient  to  cause  the  tops  of  the 
furnaces  to  come  down  and  be  ruptured,  and  thus  allow  an  escape  of  steam. 
I  have  no  hesitation  in  saying  that  the  boilers  were  quite  equal  to  the 
pressure  at  which  they  were  being  worked.  I  can  form  no  idea  how  it  was 
that  the  engineer  officer  in  charge  permitted  the  water  to  get  so  low.  Mr. 
Scorer,  one  of  the  deceased,  and  who  was  in  the  stokehole,  was  answerable 
for  seeing  that  the  water  in  the  boilers  w-as  kept  at  the  proper  height.  Mr 
Roberts,  the  engineer  officer  in  charge,  would,  in  the  course  of  his  duty, 
look  round  the  machinery  frequently,  to  see  that  it  was  in  proper  order. 
If  the  boilers  were  working  steadily  and  not  priming,  I  should  say  it  would 
take  quite  a  quarter  of  an  hour  to  reduce  the  water  in  the  boiler  from  its 
proper  level  till  the  furnace  tops  were  bare,  as  I  am  satisfied  was  the  case 
here.  The  object  of  trials  in  ships  of  war  is  to  test  the  engines  and  boilers 
to  the  fullest  extent  possible  under  proper  management.  The  officers  and 
men  employed  on  the  trials  are  so  accustomed  to  them  that  they  have  lost 
in  my  opinion,  all  feeling  of  racing  or  extreme  excitement,  which  would 
induce  them  to  do  anything  to  incur  any  risk. 

By  the  Coroner  :  I  have  known  plugs  of  lead  or  other  fusible  metal 
used  in  marine  boilers,  but  the  custom  has  been  quite  abandoned.  I  con- 
sider that  to  lessen  the  feed  and  allow  the  water  to  become  lower  in  the 
boiler  will  tend  to  a  more  rapid  generation  of  steam  during  the  time  that 
the  supply  of  water  is  diminished ;  but  when  that  lower  level  is  reached 
at  which  the  boiler  is  constructed  to  be  worked,  and  the  proper  supply 
restored,  any  increased  generation  of  steam  ceases.  The  trials  lasted  so 
many  hours  that  the  practice  of  lessening  the  feed  becomes  of  no  value. 
The  working  level  of  water  in  the  boilers  was  about  six  inches,  and  when- 
ever it  fell  below  this  it  became  the  duty  of  the  engineer  officer  in  charge 
of  the  boiler  to  take  steps  to  increase  the  supply  of  water.  The  water 
used  on  the  trial  of  the  Thistle  was  all  sea  water. 

Mr.  Lavington  E.  Pletcher,  C.E.,  was  next  examined,  and  stated  as  follows  : 
I  am  chief  engineer  to  the  Manchester  Steam  Users'  Association  for  the 
Prevention  of  Steam  Boiler  Explosions.  I  examined  the  boiler  that 
exploded  on  board  the  Thistle,  and  did  so  by  permission  of  Mr.  Reed,  Chief 
Constructor  of  the  Navy.      Having  done  this,  1  arrive  at  the  conclusion 
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that  this  explosion  did  not  result  from  excessive  or  improper  pressure  of 
steam;  neither  did  it  result  from  any  defect  in  the  original  construction 
of  the  boiler,  nor  from  any  defect  in  its  condition  at  the  moment  of  frac- 
ture; bat  that  it  arose  solely  from  the  overheating  of  the  furnace  crowns, 
in  consequence  of  which  the  plates  composing  them  lost  their  strength, 
and,  being  unable  to  resist  the  pressure  of  steam,  bulged  down  at  the 
ordinary  working  pressure.  The  left  hand  one  rending  transversely,  for  a 
length  of  18in.,  and  two  and  three-quarter  inches  at  the  widest  part,  thus 
forming  an  opening  through  which  the  steam  and  hot  water  rushed  out  of 
the  boiler,  and  playing  into  the  engine-room,  scalded  to  death  the  men 
engaged  therein.  As  to  the  cause  of  the  overheating  of  the  furnace 
crowns,  I  have  come  to  the  conclusion  that  the  water  supply  had  been 
overlooked,"" and  thus  allowed  to  run  short,  when  overheating  would  be 
inevitable,  so  that  this  explosion  seems  to  have  been  due  simply  to  short- 
ness of  water.  I  should,  however,  perhaps  add  that  I  have  met  with 
numerous  cases  in  which  furnace  crowns  have  been  injured,  though  cer- 
tainly covered  with  an  ample  supply  of  water;  while  in  one  ease  a  rupture 
resulted  very  similarly  to  that  in  the  boiler  under  consideration,  of  \\  hicta 
I  beg  to  hand  in  a  sketch.  I  consider  it  within  the  verge  of  possibility 
that  this  rupture  might  have  happened  in  a  similar  manner.  I  think  it  my 
duty  to  call  attention  to  this  for  guidance  in  other  cases.  I  cannot  in  this 
case  give  any  grounds  for  the  shortness  of  water,  further  than  by  supposing 
it  to  have  been  an  oversight.  The  water  in  the  gauge  may  give  a  false  read- 
ing, if  not  blown  througn  often  enough.  I  see  a  difficulty  in  applying  the 
ordinary  fusible  plugs  to  the  crowns  of  marine  boilers.  I  think  a  new  plug 
recently  introduced  from  abroad  by  Mr.  Black,  worthy  of  consideration, 
and  1  may  add  that  it  is  not  attached  to  the  furnace  crowns. 

Mr.  Murray  wished  to  make  an  addition  to  his  former  evidence,  and 
said  :  I  wish  to  observe  that  I  know  of  no  instance  in  which  the  furnace 
crowns  have  become  overheated  when  they  have  been  clean  and  covered 
with  water,  either  in  marine  or  in  any  land  boilers  that  have  come  under 
my  notice. 

From  the  above  evidence  it  will  be  seen  that  the  scientific  witnesses  are 
entirely  agreed  upon  the  immediate  cause  of  the  explosion,  if  we  except 
the  unlikely  idea  pointed  out  by  Mr.  Fletcher,  and  which  he  bin 
rejects.  \Ve  must,  therefore,  take  it  for  granted  that  the  middle  boiler 
was  bo  short  of  water  that  the  furnace  crowns  were  entirely  ex; 
while  there  was  plenty  of  water  in  both  the  wing  boiler-.  Unfortunately, 
we  have  no  evidence  as  to  the  particular  arrangement  for  feeding 
boilers,  and  consequently  can  offer  no  opiuioa  upon  the  question  as  to 
whether  one  boiler  could  rob  the  other,  but  inu>t  presume  that  such  a  con- 
tingency had  been  guarded  against.  It  appears,  therefore,  that  there  are 
but  two  ways  of  accounting  for  it,  viz. :  either  that  the  water  had  been 
allowed  to  get  low  by  a  most  unaccountable  oversight,  or  rather  a  series 
of  oversights  ;  or  that  the  boiler  had  emptied  itself  by  priming.  It  is 
well  known  to  all  naval  engineers  that,  t'le  water  near  the  mouth  of  the 
river  is  about  the  most  likely  to  cause  priming,  and  it  is  equally  well  known 
that  urging  the  fires,  al  is  usual  at  a  trial  trip,  is  another  incentive  to 
priming,  and  also  that  anew  boiler  is  more  lik.lv  to  prime  than  an  old 
one.  We  cannot,  therefore,  help  thinking  that  the  most  probable  cause 
of  the  shortness  of  water  in  the  boiler  was  excessive  priming,  which  was 
not  attended  to  with  sufficient  promptness. 


THK  OPENING  OF  THE  SUEZ  CANAL. 

The  formal  opening  of  this  grand  work,  which  took  place  on  the  17th 
ult.,  as  had  been  for  some  months  previously  agreed  upon,  was  a  very 
imposing  spectacle.  M.  de  Lesseps  had  every  reason  to  be  satisfied  with 
his  performance,  as  upwards  of  forty-live  steamers  had  travelled  through 
the  entir«:  distance  from  Port  Baid  to  Suez  by  the  21st  ult.,  in  ad  lition  t 1 
which  an  Imperial  decree  was  issued  on  the  L9th  till,.,  appointing  M.  de 
Lesseps  to  the  rank  of  Grand  Cross  of  the  Legion  of  Honour,  in  c  insidera- 
tion   of  his  services. 

From  the  confused  telegraphic  accounts  that  hive  reached  tu,  it  is  diffi- 
cult to  form  a  correct,  estimate,  at  the  present  time,  of  the  state  "t  bbe 
canal,  hut  it  is  evident  that  it  cannot  be  considered  nearly  complete, 
far  as  we  can  judge,  il  appears  to  be  capable  of  permitting  t  i » •  -  p.- .  ., 
la  drawing  nol  more  than  fifteen  feel  ol  water.     This  wilL  doub 
bo  an  immense  boon  to  far  h  regards  light  draught  !-.  hut  wt 

fear  it  will  ■>  lideT  ible  t  i  r  to  permit 

large  vessels — snob  as  those  belonging  to  the  Penis  i    Oriental 

Company,  »r  their  opponents,  the  Ueswgeries  [mperiales — to  ace  rmplish  a 
through  journey.     We  are  verj    glad  t>  hear,  that   In  addition  to  a  well 

merited  compliment  being  paid   to  IsL  ds  L  ,  bj  tbe  i  recti '  hii 

statue  at  Port  Said,  a  similar  recognition  ii  lobe  made  ol  tbe  lerviceeol 
the  late   Lieut.  Wsgborn,  tbe  original  projector  ol  the  Overland  Route, 
but  who,  as  is  too  often  tbe  case,  derived  but   little  advantage  to  bL 
by  his  indefatigable   advocacy  of  a   route  which  hag  siuce  DTOl     i 
value  to  the  public. 


BEITISH  ASSOCIATION. 

A  NEW  AND  ECONOMICAL  METHOD  FOR  EFFECTING  THE 
EXTRICATION  AND  CONDENSATION  OF  AMMONIA  FROM 
GAS  LIQUOR  FOR  PURPOSES  OF  CHEAP  CARRIAGE,  AND 
FOR  FACILITATING  THE  MANUFACTURE  OF  AMMONIA- 
CAL  SALTS. 

By  Fbedebick  Beaut,  F.G.S. 

(Continued  from  page   260). 

The  ammouiacal  gas  separated  by  the  air  is  purified  in  a  manner  which 
will  be  afterwards  described,  and  is  then  caused  to  pass  into  a  vessel  about 
!  three  parts  filled  with  broken  lumps  of  pure  block  ice.  From  the  well- 
known  affinity  of  ammouiacal  gas  for  cold  water,  the  gas  is  at  rested  by  the 
ice,  which  is  rapidly  liquefied,  and  a  pure  solution  of  ammonia  ot  any 
required  strength  is  obtained.  It  is  advantageous  to  cool  down  tbe  mix- 
ture of  air  and  ammoniacal  gas  before  it  is  allowed  to  enter  the  condenser  ; 
the  air  after  having  parted  with  the  ammonia  which  has  been  dissolved 
by  the  liquefied  ice,  passes  oft' into  the  atmosphere,  as  in  the  former  instance. 
The  finest  Norwegian  transparent  block-ice  may,  in  the  height  of  summer, 
be  obtained  at  the  London  Docks  at  2;is.  per  ton,  and  even  less,  accord- 
ing to  the  number  of  tons  required,  the  supply  being  constantly  main- 
tained by  the  arrival  of  fresh  ships.  Or  ice  may  be  obtained  by  one  of 
Siebe's  refrigerating  machines  almost  as  cheaply  as  that  which  is  im- 
ported. 

This  patent  process  for  separating  tbe  ammonia  by  blowing  air  through 
gas  liquor,  when  at  an  elevated  temperature,  is  so  much  more  rapid  in  the 
operation  than  the  process  of  merely  boiling  the  gas  liqul  r  as  hitherto  con- 
ducted that,  with  a  very  moderate-sized  apparatus,  several  thousand  gallons 
of  gas  liquor  can  he  treated  in  a  single  day,  and  the  ammoniacal  produce 
of  the  Invest  works  may  be  continuously  converted  into  a  concentrated 
and  more  portable  form  without  trouble  or  delay.  Even  in  the  smallest 
works,  consuming  not  more  than  from  ten  to  fifty  tons  of  coal  a  week,  the 
bulk  and  weight  of  the  gas  liquor  may  be  quickly  reduced,  and  the  result 
will  be  i  '.  such  standard  value  that  a  still  containing  from  20  to  100 
gallons  would,  probably,  in  such  cases,  answer  every  desired  purpose,  and 
would  he  f  nod  to  be  remunerative.  In  many  instances  the  gas  liquor 
might  be  heated  and  the  power  supplied,  if  desirable,  from  the  waste  heat 
of  the  retorts. 

By  the  adoption  of  this  improved  process  the  present  trade  in  crude 
ammonia  may  be  expected  to  expand  and  to  become  of  higher  importance 
than  it  now  is. 

The  comparatively  limited  supply  which  is  now  available  restricts  its 
application.  The  commercial  advantages  which  would  be  derived  from  the 
many  technical  purposes  to  which  it  is  applicable  would  hi)  considerabh  , 
and  manufacturers  being  enabled  to  obtain  cheap  supplies  from  distant 
sources,  the  total  quantity  utilised  would  he  immensely    increased. 

When,  instead  of  producing  caustic  ammonia  it  is  desired  to  manufacture 
ammoniacal  salts,  the  ammoniacal  gas  in  conjunction  with  the  atmospheric 
air  may  be  conducted  into  sulphuric  or  muriatic  acid,  or  into  a  metallic  or 
saline  solution  capable  of  appropriating  the  ammonia. 

As  the  evaporative  power  of  air  increases  with  the  ah-eiico  of  moisture 
therein,  it  is  possible  that,  by  drying  the  same  arl  ilicially  before  introducing 
it  into  tbe  licpior,  it  would  take  up  a  great  cju  uiity  ol  ammonia.  The 
removal  of  all  moisture  Irom  air  may  be  effected  with  comparatively  little 
expense  by  the  suction  of  the  nir  required  for  the  force-pump  through 
sulphuric  acid,  and  a  '  u    box    containing  lumps  of  chalk.       This 

metb  id  is  wi  11  known  in  c  mneotion  with  other  applications, 

The  blast  of  air  may  be  hot  or  cold,  and  may  be  d(  l'vcrcd  in  any  manner 

adapted  to  increase  and  effect  more  Intimate  oontaol  between  the  air  and 
the  licpiid  containing  tbe  am oia, 

By  adopting  what  [call  the  atmospherio  or  blowing  principle,  nearly 
the  whole  of  tbe  ammonia  can  be  liberated  ft  im  thi  ilotion  In  whioh  it  is 
c  attained,  without  any  lire  or  externa]  beat  applied  to  or  under  the  still  ot 
boiler,  but,  if  tbe  liquor  be  heated,  the  solubility  of  the  alkaline  gas  is 
diminished  and  II  on  la  facilitated. 

(Jas  liquor  is,  in  this  oouutry,  ths  most  common,  and  nt  the  samel 

•   M  in.-;   economical,  lUimOnJa,    anil  the  system  ol    extraction  by 

forcin  ild,  of  com    .  be  equally  applicable  to  ammonlaoal  h 

liquor,  Ot  to  any   ot  hi  r  cb.uiie.d   preparation  iii  which  the  OBUStU)  amn. 
D  lOlul  ion. 

[be  principles  already  bid  cati  d  may,  perhaps,  ba  Illustrated  with  advan« 
y  a  brief  description  .•;  a  worktng-plani  si  tuallj  oonstruotad  m  1 1 

lor.l  for  the  pu'i i   BStraotiDg  ammonia.      An  sxoavattoo  baa  I 

made  in  which  is  sunk  ir  for  containing  tl  lor,  and  ha\  bag 

the  following  dimeaaions t— namely,  86ft  long, 7ft,  wide,  and  8ft  di 

The  b  lined  of  lit.  of  concrete,  ta ureas  of  brisks,  and  of  two 

..I   red    lb, |    til  nides   are  of  Uin.    brick-work,  two 

With  tib's  in  conjunction  with  concrete. 
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The  wrought-iron  still  is  set  in  brick-work,  so  that  flame  may  play  more 
than  half  round  its  external  surface.  It  is  30ft.  long  by  6ft.  in  diameter. 
About  4,000  gallons  of  gas  liquor  are  pumped  into  it  from  the  reservoir 
for  the  purpose  of  being  operated  upon. 

Heat  is  applied  by  means  of  a  fire  underneath,  but  a  coil  of  hot  air  or 
steam  pipes  placed  in  the  interior  of  the  still  or  boiler  would  be  equally 
efficacious.  Two  cast-iron  3in.  air-pipes,  which  are  attached  to  the 
ammonia  generator,  extend  along  its  whole  length,  and  are  situated  one  on 
either  side,  and  nearly  at  the  bottom.  They  are  perforated  with  holes 
increasing  in  size  as  they  extend  from  the  inlet.  Into  these  pipes,  and 
from  them  into  the  gas  liquor,  is  driven  atmospheric  air  by  means  of  a  pair 
of  cast-iron  force-pumps.  These  are  20in.  in  diameter,  1ft.  8in.  stroke, 
with  rods  and  slings,  wrought-iron  connecting  rod  and  crank,  and  a  cast- 
iron  beam  6ft.  long.  On  the  entry  of  the  streams  of  air  they  are  caught 
and  agitated  by  the  twelve  iron  fans  of  a  stirer,  making  about  80  revolu- 
tions per  minute. 

The  air,  together  with  the  lime  and  the  various  constituents  of  the  gas 
liquor  (viz.,  water,  ammonia,  carbonic  dioxide,  sulphuretted  hydrogen, 
sulpho-cyanides,  <&c.)  are  thus  brought  continuously  into  intimate  contact. 
The  air  loaded  with  the  volatile  alkali  which  has  become  eliminated  from 
the  solution  passes  upwards  into  the  steam  chest  and  through  a  branch 
pipe  into  the  purifier  or  washer.  This  is  a  small  wooden  vessel  of  the 
capacity  of  350  gallons,  containing  lime  and  being  about  one-third  full  of 
water.  It  has  a  tight  head  and  a  stout  perforated  elm  false  bottom,  the 
holes  being  concentric  and  increasing  in  number  and  dimension  as  they 
radiate  from  the  inlet,  which  is  brought  below  the  false  bottom. 

This  purifying  vessel  is  furnished  with  a  small  agitator  bavins;  two  blades 
one  revolving  above  and  the  other  below  the  false  bottom.  There  are  two 
trial  or  test  taps  at  appropriate  heights,  to  test  for  gas  or  for  water,  and 
there  is  also  a  pipe  sealed  at  one  end,  rather  less  than  half  way  from  the 
bottom,  for  the  purpose  of  leading  away  any  excess  of  liquid  that  may 
accumulate  owing  to  the  condensation  of  aqueous  vapour  which  may  pass 
over  with  the  volatile  alkali.  There  is  a  long  straight  tube  or  safety  pipe 
from  the  washer,  and  the  bent  pipe  from  the  ammonia  generator  is  also 
provided  with  a  safety  valve  and  a  vacuum  valve.  In  the  washer  the 
ammonia  is  deprived  of  any  remaining  hydrosulphuric  acid  or  other  im- 
purity that  may  have  escaped  being  fixed  in  the  generator.  About  half  a 
bushel  of  finely  sifted  slaked  chalk  lime  is  found  to  be  a  suitable  charge 
for  the  washer,  and  when  this  becomes  saturated  or  impure,  it  is  renewed 
by  means  of  a  pipe  and  tap  placed  at  the  bottom  of  the  vessel.  The 
washer  being  a  close  vessel  soon  becomes  full  of  air  and  gas,  which  are 
forced  by  the  pressure  through  a  pipe  opening  into  the  top  and  leading  to 
a  coil  or  worm  placed  in  a  cold  water  cistern,  and  terminating  in  a  deep 
close  vessel  about  one-third  full  of  pure  cold  water,  which  has  been  con- 
densed from  the  waste  steam  from  the  engine.  A  portion  of  the  ammonia 
becomes  absorbed  by  the  water,  but  the  residue,  together  with  all  the  air 
after  bubbling  up  through  the  liquid,  is  conducted  by  a  bent  pipe  to  nearly 
the  bottom  of  a  second  similar  receiver,  and  thence  in  the  same  way  to  a 
third,  but  which  is  opened  at  the  top. 

The  air,  having  fulfilled  its  function,  is  now  permitted  to  escape  into  the 
atmosphere,  the  whole  of  the  ammonia  having,   however,  been  arrested. 

This  last  receiver,  instead  of  water,  contains  a  strong  solution  of  chloride 
of  iron,  which  being  denser  and  possessing  a  higher  specific  gravity  than 
water,  offers  a  greater  pressure  and  resistance  to  the  passage  of  the  gas. 
The  iron  salt  is,  of  course,  decomposed,  with  formation  of  muriate  of 
ammonia  in  solution,  with  deposition  of  a  green  mud  containing  sesquioxide 
of  iron,  which,  after  having  been  calcined,  is  found  to  constitute  an  excellent 
pigment  for  wrought  iron  or  wood-work. 

After  the  whole  of  the  ammonia  has  been  extracted  from  the  gas  liquor, 
the  contents  of  the  still  are  run  off  into  a  draining  pit,  from  which  the  clear 
solution  finds  its  way  into  the  sewers,  and  the  solid  inodorous  lime  com- 
pounds may  be  carted  away. 

This  draining  pit  is  constructed  of  ljin.  deal  boards  together  with  sand 
and  brick-work.  It  is  4ft.  9in.  wide,  5ft.  4in.  deep,  and  10ft.  long.  There 
are  fillets  whereon  to  rest  three  perforated  shelves  or  platforms.  The 
bottom  is  formed  of  perforated  deals  with  6in.  of  sand,  also  with  gravel, 
and  cement.  There  are  channels  and  small  drain  pipes  leading  into  a  large 
central  earthenware  pipe,  and  from  thence  into  the  sewer.  The  sharp  sand, 
&c,  under  the  perforated  boards  can  be  removed  at  will,  and  be  replaced 
by  fresh  materials  whenever  required. 

Care  must  be  taken  that  the  large  pipe  from  the  boiler  to  the  washer  be 
sufficiently  high  to  guard  against  any  back  pressure.  The  vacuum  valve 
opens  and  admits  air  when  the  fire  of  the  still  is  withdrawn  and  the  steam 
becomes  condensed. 

In  order  to  ascertain  the  exact  state  of  the  contents  of  the  boiler  at  any 
required  height,  and  to  avoid  tapping  the  upper  portion  of  the  boiler  at 
too  many  places,  the  following  simple  contrivance  is  adopted  : — There  is 
one  tap  at  the  lower  end,  to  which  is   attached  a  short  pipe  inside  the 


still  working  easily  on  an  elbow.  To  thi3  pipe  is  connected  a  copper  wire 
having  its  outlet  just  above  the  the  external  surface  of  the  boiler,  and  by 
which  wire  the  short  pipe  may  have  its  orifice  presented  at  any  required 
height,  at  which  it  is  desired  to  ascertain  the  state  of  the  contents  of  the 
vessel.  For  instance,  supposing  the  fire  to  be  withdrawn,  and  the  agitators 
to  be  quiescent,  if  the  end  of  the  tube  were  pulled  up  by  the  wire  and  the 
tap  opened,  a  clear  liquid  would  issue,  which  could  be  tested  in  order  to 
ascertain  whether  the  whole  of  the  ammoniacal  gas  had  been  removed. 
On  the  other  hand,  if  the  short  tube  were  allowed  to  lay  along  the  bottom 
of  tbe  still,  the  opened  cock  would  allow  the  green  sulphocalcareous  mud 
to  escape.  It  is  stated  in  Dr.  Miller's  "  Elements  of  Chemistry"  that,  at  a 
temperature  of  32°,  water  takes  up  about  1,050  times  its  volume  of 
ammonia ;  at  59°,  727  times,  and  at  78°,  586  times  its  volume.  Water 
saturated  with  ammonia  at  60°  contains  more  than  one-third  of  its  weight 
of  the  gas,  increasing  in  bulk  from  l'O  to  1*5,  aud  becoming  specifically 
lighter.  Hence  the  receiver  should  be  not  more  than  one-third  or  one-half 
full  of  water  to  allow  for  the  increase  in  bulk  caused  by  the  solution  of  the 
ammonia. 

Iu  July,  1867,  valuable  papers  upon  the  utilisation  of  the  waste  products 
of  the  manufacture  of  coal  gas  were  read  before  that  important  body,  the 
British  Association  of  Gas  Managers,  by  two  of  our  first  authorities  on  this 
subject,  Dr.  Lethehy  and  W.  Esson,  Esq.  Dr.  Letbeby  declares  that  it  is 
manifestly  of  the  greatest  importance  that  the  liquor  should  be  sent 
away  to  the  gas  works  as  strong  as  possible ;  it  ought,  in  fact,  never  to  be 
under  6°  Twaddle,  or  of  less  than  12  ounces  strength,  and  with  proper 
condensation  and  judicious  washing  there  should  be  from  29  to  30  gallons 
of  such  liquor  produced  from  every  ton  of  coals.  The  price  in  London  is 
2s.  per  butt,  8-oz.,  with  an  increase  of  4d.  per  oz.  on  every  additional  ounce 
of  acid  strength.  Below  3°  of  Twaddle  or  5  ounces  of  acid  it  does  not  pay 
for  working,  whereas  at  10°  or  11°  of  Twaddle  it  is  a  valuable  product. 
Both  Dr.  Letheby  and  Mr.  Esson  emphatically  insist  upon  the  importance 
of  the  strength  of  the  ammoniacal  liquor.  So  rapidly  does  the  commercial 
value  augment,  in  relation  to  its  concentration  that,  whereas  a  butt  of  108 
gallons  of  gas  liquor  is  worth  4s.,  the  same  quantity  of  caustic  ammonia 
of  specific  gravity  0-900  is  worth  from  £15  to  £20.  A  lower  strength  of 
gas  liquor  than  6 -ounce  has  not  hitherto  been  thought  worth  working,  but 
one  advantage  in  Braby's  system  of  extraction  and  concentration  consists 
in  the  fact  that  a  high  strength  is  not  indispensable.  Even  2  ounces  would 
in  practice  yield  a  profit. 

As  an  evidence  of  the  importance  of  an  increased  supply  of  ammonia 
and  of  its  large  demand,  it  may  be  mentioned  that  a  firm  with  which  the 
writer  is  connected  recently  offered  4s.  per  butt  of  6-ounce  liquor,  and  yet 
was  unable  to  obtain  a  supply,  showing  that  the  value  has  doubled  in  the 
short  space  of  two  years.  Mr.  Esson  describes  an  economical  arrangement 
for  the  extraction  of  ammonia  from  gas  liquor  with  the  assistance  of  steam 
and  by  an  apparatus  similar  to  a  Coffey's  still,  but  which  is  subject  to  the 
disadvantage  that  the  noxious  gas  (sulphuretted  hydrogen)  is  not  simulta- 
neously fixed  or  disposed  of,  and  that  at  least  15  per  cent  of  ammonia  is 
left  in  the  liquor,  which  has  afterwards  to  undergo  the  supplementary  pro- 
cess of  distillation  with  lime.  The  present  ordinary  method  of  making 
liquor  ammonia  is,  as  far  as  I  am  acquainted,  from  sulphate  or  muriate  of 
ammonia,  which  is  itself  obtained  from  gas  water.  By  Braby's  process, 
liquor  ammonia  may  be  obtained  much  more  quickly  and  economically  from 
gas-liquor  direct. 

There  are  many  gas-works  where  ammoniacal  salts  are  now  manufac- 
tured ;  but  it  is  suggested  that,  in  new  works,  or  at  those  where  the  gas- 
liquor  is  not  at  present  utilised,  it  would  be  preferable,  in  the  event  of  the 
adoption  of  the  principle  herein  advocated,  that  the  ammonia,  after  con- 
centration, should  be  sent  to  the  sulphuric  or  muriatic  acid  works,  rather 
than  that  the  acids  should  be  sent  to  the  gas-works.  In  metallurgy,  it  is 
found  more  advantageous  to  transport  the  calcined  or  partly-prepared 
ores  to  the  coal  districts  for  smelting,  rather  than  to  take  the  fuel  to  the 
mines. 

Barges  fitted  with  tanks  ordinarily  employed  in  the  conveyance  of  gas- 
liquor  contain  from  3,000  to  8,000  gallons.  A  land  journey  of  12  miles 
with  two  horses  for  a  load  of  500  gallons  in  a  tank-van  now  costs  £1.  By 
rail,  the  cost  of  freight  is  Id.  per  ton  per  mile. 

The  advantages  of  the  above-described  system  may  be  summed  up  as 
effecting  a  considerable  economy  in  labour,  time,  and  occupation  of  plant 
together  with  the  facility  of  extracting  the  whole  of  the  ammonia  from 
the  gas-liquor  in  a  pure  condition.  A  manufactory,  previously  consuming 
10,000  gallons  of  gas-liquor  per  week,  may  now  utilise  24,000  gallons,  and 
at  about  half  the  expense  of  fuel  of  that  formerly  incurred. 

The  great  interest  of  this  subject  in  a  chemical  point  of  view,  its  high 
importance  to  the  metallurgist  and  manufacturer,  and  the  increasing  value 
of  ammonia  to  the  farmer  (with  whom  it  is  almost  another  name  for 
fertility  and  abundance),  must  constitute  my  apology  for  having  engaged 
so  much  valuable  time  in  its  consideration. 


December  1,  1869] 
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MANCHESTER  STEAM  USERS'  ASSOCIATION. 

CHIEF  ENGINEER'S  MONTHLY  REPORT. 

The  last  ordinary  monthly  meeting  of  the  Executive  Committee  of  this 
Association  was  held  at  the  offices,  41,  Corporation-street,  Manchester,  on  Tues- 
day Octoher  26th,  1869,  Hugh  Mason,  Esq.,  Vice-President,  Ashton-under- 
Xyn'e,  in  the  chair,  when  Mr.  L.  E.  Fletcher,  Chief  Engineer,  presented  his 
report,  of  which  the  following  is  an  abstract : — 

"  During  the  past  month  167  visits  of  inspection  have  been  made,  and  404 
boilers  examined,  274  externally,  7  internally,  6  in  the  flues,  and  117  entirely, 
while  in  addition  4  new  boilers  have  been  tested  by  hydraulic  pressure,  and 
specially  examined  both  as  regards  their  construction  and  equipment  of  fittings. 
In  the  "boilers  examined  61  defects  have  been  discovered,  3  of  them  being  dan- 
gerous. Furnaces  out  of  shape,  3  ;  fractures,  6 ;  blistered  plates,  8 ;  internal 
corrosion,  14 — 2  dangerous,  external  ditto,  6,-1  dangerous  ;  internal  grooving, 
4 ;  safety-valves  out  of  order,  1 ;  pressure  gauges  ditto,  1 ;  boilers  without  glass 
water  gauges,  6 ;  without  pressure  gauges,  4  ;  without  feed  hack  pressure 
valves,  8. 

"  Explosions. 

"  Five  explosions  have  occurred  during  the  past  month,  by  which  nine  per- 
sons have  been  killed,  and  twelve  others  injured.  These  explosions  occurred 
with  such  rapidity  at  the  close  of  the  month,  that  it  was  with  difficulty  they 
could  be  kept  pace  with,  and  full  particulars  obtained.  In  four  cases, however, 
the  scene  of  the  catastrophe  has  been  visited  by  officers  of  this  Association, 
and  particulars  of  all  of  them  will  be  found  below,  with  the  exception  of  No. 
41  explosion,  detailed  reference  to  which  it  is  thought  better  to  defer  till  next 
month,  as  I  have  been  appointed  by  the  coroner  to  make  an  examination,  and 


"  The  boiler  in  question  was  of  the  plain  cylindrical,  egg-ended,  externally- 
fired  class,  and  measured  about  21ft.  in  length  by  4ft.  6in.  in  diameter,  while 
the  thickness  of  the  plates  was  as  nearly  as  may  be  ^ths  of  an  inch,  and  the 
ordinary  working  pressure  about  50lb.  on  the  squire  inch. 

"  It  appears  that  about  a  year  before  the  explosion,  the  attendant  had  dis- 
covered a  flaw  on  one  side  of  the  boiler,  which  he  repaired  in  the  following  un- 
satisfactory manner.  Instead  of  having  the  defective  part  cut  out  and  a  new 
plate  securely  riveted  to  the  the  boiler,  he  laid  a  patch  about  4ft.  Sin.  long  by 
9in.  wide  on  the  outside  of  the  boiler  over  the  defective  part  and  in  a  hori- 
zontal direction,  while  he  laid  another  patch  of  very  similar  dimensions  inside 
the  boiler  immediately  under  the  outer  one,  passing  a  number  of  bolts,  amounting 
in  all  to  thirty-seven,  through  the  three  thicknesses,  and  laying  between  each  of 
the  patches  and  the  boiler  plate,  a  layer,  about  half  an  inch  thick,  of  hemp,  or 
felt,  or  something  very  similar,  in  order  to  make  the  whole  steam  and  water 
tight.  To  accommodate  the  length  of  the  bolts  to  the  three  thicknesses  of 
plate  and  two  thicknesses  of  padding,  forty-nine  rough  and  irregularly  shaped 
bits  of  iron  were  put  under  the  nuts  as  washers,  so  that  the  whole  presented 
the  most  unmechanical  and  clumsy  appearance,  looking  far  more  like  a  relic 
from  the  scrap  heap  than  a  portion  of  a  boiler  worked  at  a  pressure  of  501b 
on  the  square  inch,  and  on  the  integrity  of  which  the  safety  of  life  and  limb 
depended.  Such  a  patch,  or  rather  plaster,  proved,  as  might  be  expected,  any- 
thing but  effective.  The  boiler  kept  on  leakiug,  and  the  water  trickled  down 
upon  a  longitudinal  seam  of  rivets  just  below,  eating  the  heads  off  on  its  way 
and  also  thinning  the  plate  a  few  inches  lower  down,  where  it  was  covered  by 
the  brickwork  forming  the  top  of  one  of  the  side  flues,  uutil  it  was  reduced  for 
a  length  of  upwards  of  4ft,  to  the  thickness  of  a  sheet  of  paper,  iu  consequence 
of  which  the  boiler  burst,  simply  from  the  loss  of  metal. 

"No  description,  however,  can  do  justice  to  this  corroded  plate  and  bolted 
patch.    They  must  be  seen  to  be  realised.    But  I  have  appended  a  cut,  which 


report  to  him  on  the  (Muse  of  the  catastrophe,  while  the  inquiry  is  not  yet  com- 
pleted. Willi  regard  to  this  explosion,  therefore,  it  need  now  only  briefly  !"■ 
stated  that  it  took  place  at.  about  half-past  eight  on  the  morning  of  Tm 
October  19th,  to  on  internally-fired  singlo-flued  or  Cornish  boiler,  employed  at 
an  ironfonnder1  .ami  that  it  resulted  in  the  death  of  two  persona, ai  well  as 
injury  to  three  othei  ■-. 

"  Before  giving  the  details  of  the  above  explosions,  reference  may  l"-  made  to 
two  others  which  occurred  in  previous  months,  but  the  particnlars  of  which 
have  not  \  ei  been  given. 

■'Not  one  of  the  explosions  which  have  taken  piano  during  the  pa  i  month, 
or  any  referred  to  in  this  report,  bare  occurred  to  boilers  under  tie-  ihargo  of 

tlii-,   Association. 

"RlFAISISG    BorXMfWXTB    I!"1.tki>  I'm  in-. 
"  No.  28  explosion  is  mi  illustration  of  th(  gTOSSly  unskilful  I  ■■■■  hieli 

boilers  are  too  frequently    repaired,     it    occurred  at  a  small   steam  i 
about  ten  o  clock  on  the  morning  ol  Friday,  July  L6tb,  and  resulted  in  the  deatfa 

of  one  person,  ns  well  as  in  .seriou*  injury  to  four  others. 


may  riw  somo  little  idea.     Tho  padding  used  for  making  the  joint  steam-tight 
be  seen  in  this  em  oosing  out  el  places  from  between  the  patch  and  tha 
boiler,  while  there  may  also  be  seen  at  each  side  of  this  patch   <  l  ng  .tooto 
eaten  into  the  boiler  by  the  persist* ml  leakage,  thi   |ag  id  line  v  \  represent- 
tng  the  primary  boriionteJ  rent  when  tha  plate  n  I  io  the  tlnrknees 
i  ol  papa  • 
"It  in  Boaroel]                  to  poiol  rat  that  bad  this  boiler  been  under  In- 
spection snob  ■  pi i  patchwork,  and  snob  a  dangerously*ws 

ii  at  once  condemned,  and  the  explosion  i  resi 

"  Wiaj  Bon  I  I   lii  H  am.  I>l 

"  n  i  i.n-  id  at  an  "il  and  wed  mill  si  sqi 

eight  o'clock  on  the  evening  "i   rhuraday,  September  U 
death  "t  one  man,  as  well  as  in  injury  i 
ui  tin    explosion  before  the  members  ol  this  \    ocinti  n,  I  •  ■ 

, .  opj  ..i  my  report  drawn  u| thees  ■  ■•pho 

ui  therequi  ind  which  is  asfollowi  — 
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"  '  The  Steam  Users'  Association, 
"c41,  Corporation  Street,  Manchester,  October  6th,  18G9. 

' '  John  Joseph  Thorney,  Esq.,  Coroner,  Hull. 

" *  Sir, — In  accordance  with  your  communication  of  September  18th,  addressed 
to  Sir  William  Pairbairu,  requesting  him  to  come  over  to  Hull,  and   investigate 

the  cause  of  the  explosion    that  occurred  at ,    .     .    .     . 

on  Thursday  the  16th  ult,  or  in  the  event  of  his 

not  being  able  to  do  so,  to  appoint  some  one  else  to  undertake  the  duty, — in 
accordance  with  these  instructions  I  beg  to  inform  you  that  I  have  examined 
the  exploded  boiler,  as  Sir  William  Pairbaim's  state  of  health  at  the  present 
time,  I  regret  to  say,  quite  prevents  his  leaving  Manchester. 

" '  I  visited  the  scene  of  the  catastrophe  on  Wednesday  the  22nd  ult.,  when  I 
found  that  the  exploded  boiler  was  what  is  termed  a  "  Breeches  "  boiler.  In 
this  class  of  boiler,  the  two  furnace  tubes  in  which  the  fires  are  placed,  run  into 
a  single  flue  at  a  short  distance  behind  the  fire-bridge,  being  united  by  a  com- 
bustion chamber  which  tapers  down  from  the  width  of  the  two  furnaces  to  that 
of  the  single  flue  tube,  and  it  is  on  account  of  this  peculiar  shape,  the  two  tubes 
running  into  one,  that  the  term  "  Breeches "  boiler  has  been  adopted.  On 
measuring  the  boiler,  I  found  that  it  was  as  nearly  as  may  be  30ft.  long  and 
7ft.  in  diameter,  while  the  furnace  tubes  were  7ft.  long  by  3ft.  in  diameter,  the 
combustion  chamber  5ft.  long  by  3ft.  6in.  high,  and  the  flue  tube  18ft.  long  by 
3ft.  6in.  in  diameter,  the  general  thickness  of  the  plates  being  from  three- 
eighths  to  seven-sixteenths  of  an  inch,  with  the  exception  of  the  one  at  which 
the  primary  rent  occurred,  which  was  barely  three-eighths  of  an  inch.  The  boiler 
had  but  one  safety-valve,  which  was  enclosed  in  a  box,  and  fitted  with  a  lever. 
At  the  end  of  this  lever  there  were  two  weights,  ono  of  which  amounted  to  261b. 
and  the  other  30lb.,  while  these  was  also  a  dead  weight  of  701b.  within  the 
box,  bearing  directly  on  the  valve,  so  that,  as  the  lever  had* a  proportion  of  G  to 
1,  and  as  the  diameter  of  the  valve  was  3fin.,  the  pressure  of  steam  at  which 
the  valve  would  begin  to  blow,  provided  it  were  in  good  woiking  order,  would  be 
as  nearly  as  may  be  451b.  per  square  inch,  though  it  would  rise  above  that 
point  if  the  steam  were  allowed  to  blow  off  strongly. 

"  '  The  boiler  gave  way  in  the  flue  tube,  behind  the  furnaces  and  combustion 
chamber,  the  tube  collapsing  at  the  crown  for  a  length  of  from  6  to  8ft.  at  about 
the  middle  of  its  length,  and  crumpling  up  as  if  made  only  of  cardboard.  The 
large  opening  formed  by  this  rupture  allowed  the  steam  and  hot  water  to  rush 
out  at  each  end  of  the  boiler  in  a  torrent,  and  it  was  this  that  caused  the  dis- 
astrous consequences  already  fully  known  to  the  jury.  It  was  from  this  rush  of 
steam  and  hot  water  that  the  furnace  mountings  were  swept  away,  the  fire-bars 
scattered  like  grape  shot  over  the  garden  beyond  the  boiler-bouse,  and  some  of 
the  fragments  thrown  to  as  great  a  distance  as  140  yards,  while  it  was  also  from 
this  cause  that  the  poor  fireman  was  blown  over  the  adjoining  building,  and 
dashed  against  the  roof  of  the  coach-house. 

"  '  With  regard  to  the  cause  of  the  explosion  : — The  "  Breeches  "  type  of 
boiler  is  an  antiquated  one,  and  has  long  since  been  discarded.  Its  use  has 
been  attended  with  a  series  of  most  disastrous  explosions,  and  with  the  very 
rarest  exceptions  it  is  now  never  adopted.  It  is  important  to  call  general  atten- 
tion to  this  fact,  so  that  those  steam  users  who  still  have  boilers  of  this  class  in 
use  should  at  once  have  them  thoroughly  examined,  to  see  whether  they  are 
safe  for  the  pressure  at  which  they  are  worked.  Added  to  the  peculiarities  of 
the  "Breeches  "  type,  the  flue  tube,  though  of  so  large  a  diameter  as  3ft.  Bin., 
■was  not  strengthened  as  it  should  have  been  with  encircling  rings,  flanged 
joints,  or  any  other  means  ;  while  it  was  not  plated  circumferentially  as  is  the 
ordinary  custom,  but  longitudinally,  which  does  not  give  so  much  strength. 
Also  the  flat  ends  were  stayed  with  diagonal  rods,  depending  on  a  pin  at  each 
end,  measuring  an  inch  and  an  eighth  in  diameter  ;  while  the  manhole  was  not 
guarded  by  any  mouthpiece.  In  addition  to  this,  there  was  no  duplicate  safety- 
valve,  while  the  one  provided  was  of  very  inferior  and  unreliable  construction, 
so  that  it  may  be  stated,  without  going  into  further  particulars,  that  the  boiler 
was  decidedly  second-rate  in  its  construction,  as  well  as  in  its  fittings,  and  that  it 
was  not  adapted  for  high-pressure  work. 

"  While,  however,  the  catastrophe  might  be  attributed  generally,  and  at  the 
same  time  correctly,  to  the  second-rate  construction  and  equipment  of  the  boiler, 
it  may  be  pointed  out  now  that  the  explosion  has  occurred,  and  now  that  the  flue 
tube  has  been  crumpled  up,  and  the  fittings  have  been  unseated,  it  is  not  easy  to 
determine  with  certainty  the  final  and  exciting  cause  of  the  boiler's  giving 
way,  but,  nevertheless,  it  may  be  desirable  in  conducting  the  present  inquiry  to 
go  somewhat  further  into  detail  in  this  matter. 

"  '  As  already  stated,  the  boiler  failed  from  the  collapse  of  the  flue  tube,  and 
this  it  is  clear  could  only  have  arisen  from  weakness  of  the  tube,  or  excessive 
pressure  of  steam,  or  from  the  two  combined.  Sir  William  Pairbairn  some 
years  since  instituted  a  series  of  experiments  upon  the  power  of  flue  tubes  to 
resist  external  pressure  without  collapsing,  and  he  found  that  the  length  of  a 
flue  tube  is  a  most  important  element  in  its  strength.  Taking  advantage  of  the 
result  of  his  investigations,  it  appears  that  the  flue  tube  under  consideration, 
which  was  18ft.  in  length,  3ft.  6in.  in  diameter,  and  may  be  taken  as  three- 
eighths  of  an  inch  in  thickness,  should  not  have  collapsed  at  a  pressure  of  451b., 
at  which  the  safety-valve  appears  to  have  been  loaded.  This  is  on  the  assump- 
tion, however,  that  the  tube  was  circular,  or  very  nearly  so,  and  that  the  plates 
were  well  put  together.  To  ascertain  whether  this  tube  had  been  truly  circular 
or  not,  I  measured  its  diameter,  vertically  and  horizontally  at  each  end,  and  I 
found  that  there  was  only  a  variation  of  about  half  an  inch.  It  does  not  fol- 
low, however,  that  the  flue  was  circular  throughout,  and  though  true  at  the 
two  ends  it  might  have  been  out  of  shape  at  the  middle,  which  is  frequently 
found  to  be  the  case,  while  it  was  midway  in  its  length  that  the  crown  failed. 
Added  to  this  it  must  be  remembered,  as  already  stated,  that  the  plates  were 
not  laid  circumferentially  but  longitudinally,  and  it  was  close  to  the  edge  of 
the  overlay  of  one  of  these  longitudinal  seams  which  ran  along  on  the  crown 
of  the  flue  tube  for  a  length  of  6ft,  that  the  primary  rent  occurred,  when  the 


top  of  the  tube  was  driven  down  with  so  much  violence  as  to  cut  its  way  com- 
pletely through  the  bottom  for  a  length  of  somo  5  or  6ft.  The  character  of 
the  rupture  is  altogether  peculiar,  and  very  different  to  that  which  is  found  to 
take  place  in  flue  tubes  plated  circumferentially,  and  it  certainly  appears  not 
to  be  by  any  means  in  favour  of  this  mode  of  plating,  though  it  is  difficult  to 
estimate  the  precise  loss  of  strength.  There  are  other  sources  of  weakness  to 
flue  tubes  than  that  of  original  construction.  The  plates  may  become  over- 
heated, and  thus  weakened  so  as  to  be  bulged  down  out  of  shape  by  the  ordi- 
nary pressure  of  steam.  The  general  appearance  of  this  collapse,  however,  is 
by  no  means  that  of  one  which  arose  from  overheating,  whether  from  shortness 
of  water  or  from  any  other  cause,  added  to  which,  the  top  of  the  combustion 
chamber,  which  is  as  high  as  the  top  of  the  flue  tube,  is  covered  with  scale,  and 
so  is  the  flue  tube,  with  the  exception  of  those  parts  where  it  has  been  cracked 
offbv  the  bending  of  the  plates  consequent  on  the  collapse,  while,  though  the 
crowns  of  the  furnaces  are  3in.  lower  than  that  of  the  flue  tube,  it  may  be 
mentioned  that  they  were  perfectly  sound  throughout.  It  is  possible,  however, 
that  the  boiler  may  have  been  allowed  to  run  short  of  water  on  some  prior 
occasion,  when  the  crown  of  the  flue  tube,  though  not  then  rent,  may  have 
been  so  weakened  that  it  was  only  a  matter  of  time  when  it  would  give  way. 
Thus  the  flue  tube  may  have  been  flattened  by  construction,  by  wear  and  tear, 
or  by  over-heating  through  shortness  of  water  on  some  prior  occasion,  but  the 
collapse  has  rendered  it  impossible  to  say  positively  whether  such  was  the  case 
or  not.  With  regard  to  the  question  of  excessive  pressure  of  steam — the  boiler, 
as  it  has  already  been  pointed  out,  had  only  one  safety  valve,  and  that  of  a 
very  unreliable  character.  It  had  evidently  never  been  constructed  for  the  ser- 
vice it  had  to  perform.  In  the  first  place  the  lever  was  loaded  with  two 
weights,  while  a  third  was  sometimes  added,  which  is  clearly  an  irregular 
mode  of  procedure.  In  addition  to  this,  there  was  introduced  within  the  valve 
box,  and  immediately  on  the  valve,  a  weight  of  701b.,  while  there  was  a  space 
of  only  three-quarters  or  seven-eighths  of  au  inch  between  the  top  of  this  weight 
and  the  cover,  and  the  arrangement  of  the  whole  was  such  that  nothing  was 
easier  than  for  the  valve  to  be  jammed  fast,  so  that  it  was  clearly  one  that 
should  not  have  been  used,  more  especially  seeing  that  it  was  the  only  one 
fixed  to  the  boiler.  As,  however,  this  valve  had  been  removed  from  the  boiler 
before  I  made  my  examination,  I  have  no  means  of  saying  whether  it  was  stuck 
fast  or  whether  it  was  free  at  the  moment  of  explosion.  Possibly  this  may  be 
determined  in  evidence. 

" '  While,  however,  there  is  some  difficulty  in  determining  precisely  whether 
this  explosion  was  due  to  excessive  pressure  of  steam  or  to  the  weakness  of  the 
flue  tube,  there  is  no  difficulty  in  determining  how  it  might  have  been  prevented, 
which  is  the  most  important  issue  of  such  an  inquiry  as  the  one  now  in  hand, 
as  this  may  lead  to  the  prevention  of  similar  catastrophes  in  the  future.  The 
experiments  already  referred  to  on  the  strength  of  furnace  and  flue  tubes  by 
Sir  William  Pairbairn,  led  to  his  strongly  advocating  that  all  such  tubes  should 
be  strengthened  with  encircling  hoops,  while  there  is  also  a  system  of  flanging 
the  plates  at  the  ring  seams  of  rivets  in  these  tubos,  which  has  the  same  object 
in  view.  Both  these  modes  of  construction  have  for  years  past  been  very  widely 
introduced,  and  are  consequently  well  known.  They  have  been  found  to  be 
entirely  successful,  and  are  adopted  in  all  first-class  modern  boilers.  Had 
either  one  of  them  been  employed  in  the  present  instance,  the  tube  would 
have  been  amply  secured  against  the  danger  of  collapse,  •  To  have  pi-evented 
the  occurrence  of  excessive  pressure  of  steam,  the  boiler  should  have  been  fitted 
with  two  efficient  safety-valves,  and  it  is  a  practice  adopted  by  many  of  the 
members  of  the  Manchester  Steam  Users'  Association,  and  one  that  cannot  be 
too  generally  adopted,  to  have  one  of  these  valves  of  external  dead  weight 
pendulous  construction,  which  it  is  extremely  difficult  to  overload  or  tamper 
with,  and  to  have  the  other  adapted  for  blowing-off  either  for  high  steam  ox- 
low  water,  so  that  in  case  the  water  should  at  any  time  fall  below  the  desired 
level,  the  valve  would  be  raised  and  the  pressure  of  steam  allowed  to  escape,  and 
thus  the  source  of  danger  removed,  and  explosion  rendered  impossible.  Hun- 
dreds and  hundreds  of  safety-valves  of  the  two  descriptions  just  named  are 
working  satisfactorily,  and  they  cannot  be  too  generally  adopted.  Were  they 
universally  applied,  many  explosions  would  be  prevented. 

" '  In  conclusion : — Although  there  may  be  a  difference  of  opinion  as  to 
whether  this  explosion  resulted  from  weakness  of  the  flue  tube,  or  from  over- 
heating of  the  plates  through  shortness  of  water,  or  whether  it  resulted  from 
excessive  pressure  of  steam,  there  can  be  no  question  whatever,  that  had  the 
flue  tube  been  strengthened  with  flanged  seams,  encircling  hoops,  or  any  other 
equally  efficient  means,  and  had  the  boiler  been  fitted  with  two  reliable  safety- 
valves,  one  of  them  arranged  for  relieving  the  pressure  of  the  steam  as  soon  as 
the  water  fell  below  the  proper  level,  that  this  catastrophe  would  not  have 
happened,  that  the  fireman  would  not  have  been  killed,  and  that  this  inquiry 
would  not  have  been  necessary. 

" '  I  remain,  Sir, 

" '  Yours  faithfully, 
^Signed)  "'Lavington  E.  Fustchee,  Chief  Engineer,' 

"The  jury,  in  returning  their  verdict,  stated  in  a  simple  and  direct  way  that 
'  the  explosion  was  caused  by  the  insufficiency  of  the  boiler  and  of  the  fittings 
attached  thereto'  but  that  they  did  not  '  consider  such  insufficiency  was  caused 
by  'malice  aforethought,'  or  gross  negligence  of  any  person  or  persons  whom- 
soever,' adding  that  they  '  recommended  to  the  owner  of  the  boiler  and  others, 
the  propriety  of  carrying  out  the  suggestions  made  in  the  report  just  given  . 
Thus  they  did  not  contradict  themselves  by  calling  such  an  occurrence  '  acci- 
dental,' as  is  too  often  the  case,  but  the  verdict  would  have  been  clearer  had 
the  words  '  or  gross  negligence '  been  omitted,  and  I  am  legally  advised  that 
they  were  not  necessary  to  a  correct  form  of  verdict.  The  one  adopted, 
however,  is  a  great  improvement  on  the  ordinary  one,  which  frequently  states 
that  '  the  explosion  under  consideration  might  have  been  prevented,'  and  then 
finishes  up  by  calling  it  '  accidental.'    This  abuse  of  the  word  '  accidental '  has 
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been  productive  ot  considerable  misapprehension,  and  it  is  thought  that  the 
general  use  of  the  term  '  no  malice  aforethought '  instead  would  prove  of  much 
service.  It  was  recommended  by  Sir  William  Fairbairn's  Committee  of  In- 
quiry as  to  '  How  far  coroners'  inquisitions  are  satisfactory  tribunals  for  the 
investigation  of  boiler  explosions,  and  how  these  tribunals  may  be  improved,'  a 
report  on  which  subject  was  presented  to  the  meeting  of  the  British  Association 
lately  held  at  Kxeter.  This  suggestion  was  adopted  for  the  first  time  at  the 
inquisition  held  in  consequence  of  this  explosion,  and  it  was  due  to  the  coroner 
that  this  was  done  on  that  occasion.  It  istrusted  that  other  coroners  will  follow 
his  example  in  conducting  similar  inquiries. 

Tabular  Statement  of  Explosions, 
From  September  25th,  1869,  to  October  22nd,  1869,  inclusive. 


Progressive 
Number 
for  1868. 

Date. 

37 

Sept.  26 

38 

Oct.     6 

39 

Oct.  14 

40 

Oct.  18 

41 

Oct.  19 

General  Description  of  Boiler. 


Plain  Cylindrical,  Egg-ended 
Externally  fired 

Double-flued,  Furnace,  In- 
ternally-fired   

Plain  Cylindrical,  Egg-ended 
Externally  fired 

Plain  Cylindrical,  Egg-ende 
Externally  fired 

Single-flue,  or  Cornish, 

Internally  fired    

Total 


Persons 
Killed. 


Persons 
Injured. 


12 


Total. 


21 


"Working  a  Corroded  Boiler  a.  Few  Dats  too  Long. 

"  No.  37  explosion  occurred  at  a  colliery  to  a  plain  cylindrical,  egg-ended, 
externally-fired  boiler,  at  about  half-past  eleven  o'clock  on  the  morning  of 
Sunday,  Sept.  26th,  and  resulted  in  the  death  of  one  person,  as  well  as  in  injury 
to  one  other. 

"  As  this  explosion  took  place  at  a  considerable  distance  from  Manchester, 
and  as  the  explosions  of  these  externally-fired  colliery  boilers  are  generally  so 
very  similar  in  their  character,  I  did  not  think  it  worth  while  either  to  visit  the 
the  scene  of  the  catastrophe  personally,  or  to  send  an  officer  of  the  association  to 
report  me  thereon,  but  from  the  evidence  given  at  the  inquest,  as  well  as  from 
information  furnished  me  by  those  who  have  visited  the  spot,  I  have  gathered 
the  following  particulars,  which  prove  of  interest : — 

"  The  boiler,  which,  as  already  stated,  was  of  the  plain  cylindrical,  egg-ended, 
externally-fired  class,  was  set  in  the  middle  of  two  others,  one,  if  not  both  of 
which  was  of  the  same  construction  as  itself,  whilo  it  measured  about  35  feet  in 
length  by  6  feet  in  diameter,  and  was  worked  at  a  pressure  of  about  35  or  401b. 
on  the  square  inch. 

"  This  boiler  gave  way  at  the  bottom  of  the  shell  over  the  fire,  when  it  was 
ripped  into  two  or  three  main  portions  and  hurled  from  its  seat,  while  one 
of  the  boilers  alongside  was  aUo  dislodged  from  its  bed,  and  turned  bottom  up- 
wards. 

"  It  appears  that  the  boiler  was  20  years  old,  and  that  it  had  been  re-bottomed 
about  ten  or  eleven  years  ago,  while  the  water  with  which  it  was  fed  was  corro- 
sive, in  consequence  of  which  the  plates  over  the  fire  were  materially  reduced  in 
thickness.  A  boiler-maker  was  therefore  instructed  about  three  months  before 
the  explosion  to  effect  repairs,  but  found  the  plates  so  much  worn  that  he  recom- 
mended the  manager  to  have  a  new  boiler  at  once  instead  of  repairing  the  old 
one.  A  new  boiler  was  consequently  made,  and  had  been  lying  alongside  for  a 
month,  ready  to  put  in  as  soon  as  convenient  opportunity  offered.  <  firing,  how- 
ever, to  some  stoppage  in  another  part  of  the  works,  Hie  exploded  boiler  had 
bc»n  worked  on  a  fortnight  longer  than  it  Otherwise  would  have' been,  and  heme 
the  immediate  occasion  of  the  explosion. 

"This    explosion   may    prove  a   OMfol   eaution  to  those  members  of  till 

ciation  who  will  persist  in  working  old  boibr,  to  the  vi  tv  laatpouible 
and  thus  i  .11  as  grievous  anxiety  to  the 

association's  chief  engineer.    While  there  is  do<  air  boilers 

good  state  of  repair  and  carefully  worked,  il  is  impossible, 

without  great  risk,  to  exact  the  last   hour  of  work  from  a  boiler  befON  laying  it 
on  one  side.      ExpiO  ions,    as    in    this   instance,  will   not  wait  on  1 1n-  oonvi 

of  boiler  owners,  and  il  u  not  within  the  limits  of  bum  ■  to  determine 

the  precise  point  at  which  i  ill  occur  to  mi  old  and  worn-oul  I 

oily  sate  oo  i   in  i  little  to  the  side-of  prudence,  and  il 

that  the  lesion  of  this  explosion  will  not  be  lo«t. 

"Qnanra  tiik  Blow-out  Tap  oi  Borxfa  in  Wou  ami  Post 

Shi   . 

'.i.  88  explosion,  which  resulted  in  the  loss  of  two  lan  and 
Others,  occurred  at  about  half-past  eight  o'clock  on  the  morning  ol    VYednee- 
day,  Oct.  Cth,  at  a  wire  works. 


"  The  boiler,  which  was  one  of  seventeen,  all  connected  by  the  steam  pipes, 
was  of  double-flued  horizontal  construction,  and  similar  to  those  of  the  Lanca- 
shire type,  excepting  that  of  having  the  fires  placed  iuside  the  tubes  ;  it  was 
heated  by  the  flames  passing  off  from  a  couple  of  mill  furnaces,  one  of  which 
was  connected  by  a  brick  flue  to  the  left  hand  tube  in  the  boiler,  and  the  other 
to  the  right  hand  one.  The  length  of  the  boiler  as  nearly  as  may  be  was  22  feet,  its 
diameter  of  the  shell  7  feet  6  inches,  and  in  the  furnace  tubes  2  feet  t>  inches, 
while  the  thickness  of  the  plates  was  seven-sixteenths  of  an  inch,  and  the  working 
pressure  about  451b.  The  boiler  had  a  single  float  to  show  the  level  of  the  water, 
but  no  glass  water  gauges. 

"The  boiler  gave  way  in  the  left  hand  flua  tube,  the  crown  at  the  Bret  rin.r 
seam  of  rivets  bulging  down  and  rending  open  for  a  width  of  15  inches.  On 
the  occurrence  of  this  rent,  the  steam  and  hot  water  rushed  out  in  a  torrent 
and  principally  at  the  front  end,  carrying  away  the  brick  flue  connecting  the 
left  hand  tube  to  the  mill  furnace,  and  playing  with  considerable  violence  into 
au  adjoining  building,  in  which  a  number  of  men  and  boys  were  working,  in 
consequence  of  which  eight  of  them  were  scalded,  and  two  so  severely  that  they 
died  shortly  after.    The  boiler,  however,  was  not  moved  from  its  seat. 

"The  cause  of  the  rupture  in  the  boiler  is  unmistakable.  The  plates  of  the 
flue  tube  had  been  overheated  through  the  shortness  of  water.  It  appears  that 
the  charge  of  regulating  the  water  supply,  as  well  as  of  blowing  out  the 
whole  series  of  seventeen  boilers,  was  entrusted  to  one  man,  and  that  it  was 
his  duty  to  open  the  mud  or  blow-out  taps  at  the  bottom  of  the  boilers  twice 
every  da}',  and  to  lower  the  water  level  about  3  inches.  And  it  further  appears 
that  he  opened  the  mud  tap  of  the  boiler  in  question  at  the  usual  time  on  the 
morning  of  the  explosion,  but  unfortunately  forgot  to  shut  it  again,  so  that 
the  crowns  of  the  flue  tubes  were  soon  laid  bare,  the  plates  rendered  red  hot, 
the  right  one  somewhat  distorted,  and  the  left  bulged  down  aud  rent  as  already 
explained.  Tha  attendant  does  not  by  any  means  contradict  this  view  of  the 
matter,  but  says  he  supposes  he  must  have  left  the  tap  open,  though  he 
does  not  know  how  he  could  have  done  so.  He  was  considered  as  a  w  ry 
steady  and  reliable  man,  and,  I  am  informed,  is  very  much  distressed  at  what 
has  happened. 

"  At  the  inquest  the  jury  concluded  that  the  explosion  was  caused  by  the 
attendant's  omitting  to  close  the  blow-out  tap  belonging  to  the  boiler,  but,  on 
account  of  his  good  character,  they  were  desirous  of  saving  him  from  a  charge 
of  manslaughter.  The  coroner,  however,  declined  to  accept  the  verdict  in  any 
other  form,  and  therefore  a  verdict  of  manslaughter  was  returned. 

"  While  it  is  clearly  an  act  of  omission  for  any  man  to  open  a  blow-out  tap 
when  the  steam  pressure  in  a  boiler  is  fully  up,  and  not  carefully  to  close  the 
tap  again,  jet  as  such  oversights  are  occasionally  found  to  occur,  this  being  by 
no  means  a  singular  case,  it  is  certainly  advisable  to  adopt  all  such  reasonable 
precautions  in  the  equipment  of  boilers  as  will  render  all  such  such  oversights, 
when  they  do  occur,  as  harmless  as  possible.  With  this  view  it  has  been  fre- 
quently recommended  to  the  members  of  this  association  that  they  should  blow 
out  from  the  surface  of  the  water,  and  have  a  scum  tap  fixed  above  the  level  of 
the  furnace  crowns  for  this  purpose.  Though  this  would  not  entirely  do  away 
with  the  necessity  for  opening  and  shutting  the  mud  tap  at  the  bottom  of  the 
boiler,  it  would  very  much  diminish  it,  and  it  is  clear  that  if  the  mud  tap 
were  left  open,  whether  by  oversight  or  malice,  it  would  only  lower  the  level  of 
the  water  an  inch  or  so,  and  then  blow  steam,  leaving  the  water  at  the  ordi- 
dinary  working  level,  aud  thus  the  furnace  tubes  covered.  Attention  all 
been  called  again  and  again  to  the  value  of  low  water  safety  valves,  which 
relievo  the  pressure  of  the  steam  as  soon  as  the  water  falls  below  the  proper 
level.  Witii  such  valves  the  boilers  in  question  were  not  fitted,  it  is  true  that 
as  there  were  seventeen  boilers  connected  together  in  this  instance,  one  low 
water  safety  valve  would  scarcely  have  reduced  the  pressure  on  the  a  I 
though  it  is  thought  that  a  large  valve  blowing  freely  would  have  bail  a  con- 
siderable effect,  and,  by  allowing  a  large  volume  of  steam  to  escape,  would  bare 
given  an  alarm,  and  shown  that  something  was  wrong. 

"It  cannot  escape  the  attention  of  those  versed  in  the  verdicts  returned  by 
coroner's  juries  ou  boiler  explosions,  how  rarely  any  other  verdict  than  that 
of  'accidental  death  '  is  retn  Uy  the  boiler  may  have  been  made, 

or  however  badly  it  may  have  be  it!. at  the  responsibility  of 

the  LmpTOpeT   make    and  condition   of  the   boiler   rest   on    any   one  else  than  the 
attendant,  but  when,  as  in  this  ease,  the 

oversight   of  the  attendant,!  I  manilaugfater  is  promptly   returned, 

while  no  suggestions  are  given  a.  to  such  precautionary  i 
might  have  adopted  for  the  prevention  of  the 

ibalt    out    to    boiler    makers  ami   boiler  owners    SI    was   dl 

boilei    attendant    in    this    in-taiic\    tie  re   would    be  few  other  verdict 

M  of  boiler  explosions  than  that  ot   '  manslaughter,'  and  were  tin.  lie 
it    is  thought    a  man  rial    inflame,    there   WOU 
•   ol    boiler  •  ■  beck  would 

i  In  -. 

"Tin-  Duron  i        cwxaxit-I  ibbs. 

"Tbi 

external  Bring  and  to  the  treachery  of  tin  plain  eylindi 

boiler,  and  the  two  lull 

mil  by  which  ran  ared, 

an  iilu-t ratio  sas  ot  this  view, 

"  No.  .".>  i  rple 

on  th  .  I  ■   :.  1  lib,  ami  i.  mil 

as  well  at  in  injury  to  one  other. 

"  I :      ; .. '.    •■.    .  -  i  :be  plain   oylindrii  tL  <  ►„•  ■ 
uitb  the  plet<  i  laid  longitudinally,  so  thai  the  Man 

to  tin  othi  r.     It  was  a 
diameter,  while  tin   thickness  of  the  plates  .  mid 
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the  pressure  to  which  the  safety-valves  were  loaded  about  351b.  per  square 
nch. 

"  The  boiler  gave  way  at  the  bottom  over  the  fire,  rending  in  a  somewhtt 
zig-zag  course  throughout  its  entire  length  from  the  front  to  the  back,  when 
the  cylindrical  portion  of  the  shell  opened  out  and  tore  away  the  two  hemis- 
pherical ends,  the  parts  being  thrown  to  considerable  distances,  and  the  pipes 
and  ruins  of  the  seating  scattered  right  and  left.  Added  to  this,  a  stonemason 
lighting  his  pipe  at  the  fire  door  was  killed  on  the  spot,  and  two  other  work- 
men struck  by  the  falling  debris  and  seriously  injured,  one  of  them  dying 
shortly  after,  while,  in  illustration  of  the  force  with  which  some  of  the  frag- 
ments were  thrown,  it  may  be  stated  that  a  horse  standing  in  a  butcher's 
cart  some  thirty  yards  off  was  struck  down  and  instantly  killed,  as  by  a  cannon 
tall. 

"  With  regard  to  the  cause  of  the  explosion,  it  was  stated  at  the  inquest  that 
the  boiler,  though  only  a  little  more  than  three  years  old,  had  been  under 
repair  several  times,  and  that  two  new  plates  had  but  just  been  put  in  over  the 
fire,  while  it  was  as  the  steam  was  being  got  up  for  the  first  time  after  this  that 
the  explosion  took  place.  The  engineer  stated  that  though  the  ordinary  working 
pressure  was  about  35lb.,  yet  that  it  could  not  have  exceeded  241b  at  the 
moment  of  explosion,  while  he  was  confident  that  the  plates  put  into  the  boiler 
were  of  first-rate  quality,  so  that  '  it  was  a  mystery  to  him  why  the  boiler 
bui'st,  as  he  considered  it  ought  to  have  stood  a  pressure  of  3001b.  on  the 
square  inch.'  The  foreman  smith  said  he  was  'beat  entirely  in  endeavouring  to 
account  for  the  explosion.'  To  this  the  coroner  added  that  '  the  Government 
Inspector  of  Mines  had  made  an  investigation,  but  admitted  that  he  had  no 
light  to  throw  on  the  subject,  and  therefore  it  was  apparent  that  the  occurrence 
was  shrouded  in  the  greatest  mystery.'  The  jury,  without  requiring  further 
evidence,  found  that  '  the  deceased  was  killed  bp  a  boiler  explosion,  but  how  the 
castastrophe  originated  there  were  no  means  of  ascertaining.' 

"In  this  case  the  inquest  was  conducted  with  considerable  dispatch,  being 
held  the  day  but  one  after  the  catastrophe,  so  that  it  was  concluded  on  the  same 
day  that  the  report  of  the  occurrence  reached  Manchester.  On  the  Association's 
Inspector  reaching  the  scene  of-  the  disaster,  he  found  that  the  boiler  had  been 
cut  up  and  thrown  on  the  scrap  heap  the  day  after  the  inquest  was  held,  so 
that  those  who  had  charge  of  the  boiler  seemed  resolved  that  if  they  could  not 
arrive  at  the  cause  of  the  explosion  themselves,  nobody  else  should  do  so.  The 
collierj-  engineer,  who  could  have  given  the  inspector  some  information  as  to 
the  rents  and  flight  of  the  parts,  was  most  uncommunicative,  and  referred  him 
to  the  scrap  heap  for  information,  and  to  the  record  of  the  inquest  in  the  local 
newspaper,  so  that  but  few  particulars  could  be  obtained.  After  the  association 
had  gone  to  the  expense  of  sending  an  officer  between  100  and  200  miles,  in 
order  to  throw  light  on  the  cause  of  a  fatal  steam  boiler  explosion,  and  thus  to 
save  human  life,  this  reception  was  rather  discouraging,  though  by  no  means 
singular. 

"The  facts  of  the  case,  however,  speak  for  themselves.  Here  is  a  boiler  but 
three  years  old,  which  has  just  been  repaired  and  turned  cut  as  sound,  yet,  on 
the  first  time  of  getting  up  steam,  and  before  the  pressure  had  exceeded  241b.,  it 
explodes,  while  all  connected  with  it  consider  the  occurrence  as  an  impenetrable 
mystery.  Such  boilers  certainly  deserve  the  character  this  association  has  given 
them,  viz.,  that  of  being  untrustworthy  and  treacherous. 

"No.  40  explosion  occurred  at  an  iron  and  steelworks  at  about  half-past  seven 
on  the  evening  of  Monday,  the  18th  of  October.  The  boiler,  which  was  one  of 
a  series  of  five  set  side  by  side,  and  the  second  from  the  left  hand,  was  of  the 
plain  cylindrical,  egg-ended,  externally  fired  class,  set  with  a  flash  flue,  and 
measuring  40  feet  in  length  by  6  feet  in  diameter,  while  the  thickness  of  the 
plates  was  seven-sixteenths  of  an  inch,  and  the  blowing-off  pressure  50ib. 

"  The  boiler  gave  way,  as  externally-fired  boilers  are  prone  to  do,  over  the 
fire,  dividing  in  two  at  the  fourth  ring  seam  of  rivets  near  the  firebridge,  and 
also  rending  at  a  longitudinal  seam  running  across  three  widths  of  plate  at  the 
bottom  of  the  shell  and  at  the  front  end,  just  where  repairs  had  been  at  some 
previous  time  effected.  On  the  occurrence  of  these  rents  the  boiler  was  thrown 
from  its  seat,  the  front  portion  being  hurled  to  a  distance  of  about  150  yards  to 
the  right,  while  No.  1  boiler,  on  the  left  of  the  exploded  one,  and  No.  3,  on  its 
right,  were  both  dislodged.  At  the  time  of  the  explosion  it  appears  that  the 
fireman,  as  well  as  a  man  employed  in  wheeling  ashes,  and  a  young  woman  who 
had  just  brought  up  some  tea  for  one  of  the  workmen  were  standing  near  to  the 
boiler,  when  the  young  woman  was  killed  on  the  spot,  both  of  the  men  severely 
scalded,  the  fireman  having  his  leg  broken,  and  being  thrown  into  the  canal,  and 
altogether  so  seriously  injured  that  he  died  shortly  after. 

"  It  appears  that  the  boiler  was  about  fifteen  years  old.  and  that  it  had  been 
frequently  repaired,  the  part  over  the  fire  presenting  a  very  patched  appear- 
ance, and  having  several  cracks  starting  from  the  rivet  holes,  some  running 
out  to  the  edge  of  the  plates,  and  others  from  hole  to  hole,  while  this  boiler, 
like  the  one  last  reported  on  above,  exploded  the  first  time  that  it  was  set  to 
work  after  repairs  had  been  effected,  the  steam  having  been  up  but  a  quarter 
of  an  hour.  Boilers  that  burst  immediately  after  being  repaired  cannot  be 
trustworthy. 

"  Conclusion. 

"In  drawing  this  report  to  a  conclusion,  it  may  be  stated  in  brief  that  the 
seven  explosions  referred  to  herein,  by  which  eleven  persons  were  killed  and 
seventeen  injured,  all  resulted  from  the  simplest  causes,  and  might  have-been 
prevented  by  the  exercise  of  '  common  knowledge  and  common  care.' 


"L. 


E.  FLETCHER, 
"  Chief  Engineer." 


Offices  :— 41,  Corporation-street,  Manchester. 


THE  ROYAL  SCOTTISH  SOCIETY  OP  ARTS. 


ALTERED  RELATIONS  OF   BRITISH  AND  FOREIGN  INDUSTRIES 
AND  MANUFACTURES. 

By  David  Stevenson,  F.R.S.E.,  President. 

(Abstract.) 

In  the  period  that  has  elapsed  since  I  last  retired  from  this  chair,  not  only 
have  mighty  strides  been  made  in  all  departments  of  art  and  science,  both  at 
home  and  abroad,  but  events,  political  and  social,  have  occurred  in  rapid  suc- 
cession, so  that  the  whole  national  aspect  of  our  country  is  materially  altered  : 
and  in  no  respect,  perhaps,  is  the  change  which  a  few  years  has  brought  about 
more  apparent  than  in  the  altered  relations  which  exist  between  our  own  and 
foreign  countries  in  the  all-important  subject  of  arts  and  manufactures.  This 
alteration,  as  you  are  aware,  has  been  very  generally  regarded  as  favourable  to. 
foreigners  and  detrimental  to  ourselves,  and  has  resulted  in  directing  general 
attention  to  the  subject  of  education,  which  is  undeniably  the  question  of  the 
present  day — the  theme  of  our  politicians — the  study  of  the  thoughtful  class 
of  practical  men,  to  whose  hands  chiefly  are  confided  the  interests  of  the  working 
classes  of  our  country  ;  and,  I  may  add,  the  difficulty  of  all  who  have  attempted- 
legislation  bearing  on  the  social  condition  of  the  people. 

I  am  emboldened,  on  the  present  occasion,  to  ask  you  to  listen  for  a  short 
time  to  some  remarks  regarding  what  appears  to  me  to  be  the  true  international 
position  of  our  arts  and  manufactures,  and  the  causes  which  operate  unfavour- 
ably to  their  full,  or  at  least  their  advantageous  development,  and  perhaps  you 
will  be  all  the  more  content  to  listen  as  the  observations  I  have  to  offer  are,  I 
am  well  aware,  not  in  accordance  with  the  views  which  have  been  pretty  widely 
expressed  in  this  country. 

These  views,  whatever  may  be  the  exact  opinions  of  their  supporters,  seem  to- 
assume  the  form  of  two  distinct  propositions — First,  That  the  manufacturing 
skill  of  the  working  classes  of  this  country  is  on  the  decline  ;  and,  secondly, 
That  this  is  due  to  the  want  of  technical  education.  In  short,  a  cry  has  been 
raised  that  all  nations  are  beating  us,  and  this  cry  at  the  time  of  the  Freuch 
Exhibition  in  1867  almost  assumed  the  character  and  proportions  of  a  national 
panic,  and  resulted,  as  you  are  aware,  in  appointing  Government  Commissioners 
of  inquiry,  who  took  abundance  of  evidence  and  made  elaborate  reports — in 
sending  deputations  to  ascertain  the  state  of  foreign  education  and  manufac- 
tures— and  iniolding  educational  conferences  in  all  parts  of  the  kingdom. 

Now,  no  one  will  deny  that  at  the  first  great  International  Exhibition,  inau- 
gurated by  the  late  Prince  Albert  in  1851,  British  manufactures  held  a  pre- 
eminence, both  as  regards  quality  of  workmanship  and  wide-spread  monopoty, 
which  subsequent  international  exhibitions  have  demonstrated,  cannot  now,  at 
least  in  so  many  departments,  be  claimed  for  them;  and  on  this  admitted  fact 
as  a  foundation,  the  whole  of  our  national  agitation  on  the  subject  of  technical 
education  has  been  reared.  Nor  does  it  appear  that  this  national  jealousy  is 
peculiar  to  ourselves,  for  it  may  be  stated,  in  passing,  that  the  French  in  1863 
appointed  a  commission  on  technical  instruction  to  examine  the  institutions  of 
our  own  and  other  countries,  in  consequence  of  the  Minister  of  Agriculture, 
Commerce,  and  Public  Works  in  the  French  Cabinet  having  called  attention  to 
"  the  great  progress  made  by  other  countries  in  arts  and  manufactures  compared 
with  that  made  by  France,"  so  that  we  have  not  been  the  first  to  raise  the  cry  of 
the  supposed  national  decline  of  manufacturing  skill. 

Now,  to  go  back  to  the  Exhibition  of  1851,  we  then,  as  already  stated,  had 
confessedly  great  national  pre-eminence  accorded  to  us.  But  the  system  of- 
transit  by  steam  and  railways  brought  to  our  shores,  attracted  by  this  the 
earliest  of  international  exhibitions,  the  thinking  classes  of  all  parts  of  the  world, 
who  came  to  see  and  to  judge  for  themselves,  and  who  went  away,  I  have  no 
doubt,  satisfied  with  the  superiority  of  British  workmen  in  most  departments 
of  manufacture,  and  since  1851  foreigners  have  undoubtedly  made  good  use  of 
their  time.  They  have  cultivated  with  success  the  branches  of  manufacture  in 
which  we  excelled  and  they  were  deficient,  and  the  result  is  just  what  might 
have  been  expected,  being  the  natural  consequence  of  intelligent  manufacturers 
and  skilful  workmen  applying  their  minds  and  hands  to  attain  perfection  in 
their  own  department  of  business,  after  seeing  with  their  own  eyes  that  superior 
work  was  done  by  their  neighbours.  This  improvement  in  foreign  manufactures 
seems  a  necessary  result  of  international  exhibitions,  and  yet  we  find  some  of 
the  English  jurors  at  the  last  French  Exhibition,  who  were  consulted  by  the 
Commission  of  Inquiry,  evidently  expressing  surprise  at  this  natural  state  of 
matters,  and  reporting  that  they  are  sorry  to  say  that,  although  we  may  be  still 
unsurpassed  in  many  of  our  productions,  we  no  longer  hold  that  pre-eminence 
which  was  accorded  to  us  in  1851.  Now,  it  would,  I  think,  be  overstraining  to 
an  enormous  extent,  even  the  old-admitted  British  pre-eminence  and  the  circum- 
stances that  may  have  led  to  it,  to  expect  that  such  people  as  the  French  and 
the  Americans  are  incapable  of  rising  to  equal  excellence  with  ourselves. 

Allow  me,  in  explanation  of  these  views,  and  in  illustration  of  what  I.  may 
term  the  imitative  qualities  of  a  people,  to  refer  to  certain  facts  within  my  own 
knowledge  and  observation.  They  happen  to  prove  that  British  manufacturers 
can  benefit  by  foreign  example,  and  they  will,  I  think,  also  show  that  progress  in 
any  scientific  or  practical  department  of  trade  in  no  way  necessarily  infers  a^ 
falling  off  in  the  talent  or  the  skill  of  the  nations  from  whom  the  lesson  of 
improvement  has  been  derived.  The  facts  to  which  I  refer  are  instances  in  which 
our  country  has  profited  by  the  excellent  example  of  foreigners,  and,  first,  I 
notice  steam  navigation. 

In  visiting  America  in  1837,  for  the  purpose  of  informing  myself  on  the 
subject  of  American  engineering,  I  was  at  once  struck,  as  I  think  any  engineer 
would  have  been,  with  the  advanced  state  of  steam  navigation  in  the  United 
States,  and  determined  to  investigate  the  subject  with  great  care.  Railways  at 
that  period  were  not  at  all  in  general  use,  and  America,  with  its  enormous  rivers 
and  lakes,  was  just  the  country  where  it  might  be  expected  that  steam  naviga- 
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tion  would  he  carried  to  great  perfection,  and  so  it  was.  By  adopting  fine  lines 
for  the  models  of  their  vessels,  and  using  engines  of  high  power  and  long  stroke, 
I  found  that  their  swift  steamers  easily  attained  a  speed  of  over  16£  miles  per 
hour.  Now,  at  that  time,  I  must  remind  you  that  British  steamers  were 
invariably  built  with  bluff  bows,  being  what  is  termed  sea-going  ships  ;  that 
their  engines  were  under  deck,  and  had  short  strokes  ;  and  that  the  speed  at- 
tained was,  even  in  the  best  vessels,  not  much  more  than  half  of  that  regularly 
ran  by  the  Hudson  and  New  River  boats. 

In  1838,  when  I  published  the  result  of  my  observations,  giving  the  lines  of 
two  of  the  swiftest  American  steamers,  1  found  that  my  professional  brethren, 
and  especially  shipbuilders,  were  much  disposed  to  distrust  the  accuracy  of  my 
statements  as  to  the  speed  attained  by  American  vessels.  But  my  observations 
were  correct,  and  the  American  pattern  was  not  only  very  soon  thereafter 
adopted  by  onr  shipbuilders,  but  was  followed  out  with  the  success  of  which  you 
are  all  aware.  The  American  build  of  1837  has  been  gradually  adopted,  and 
many  steamers  now  navigate  the  Clyde  at  a  speed  of  over  20  miles  per  hour, 
while  the  ocean  packets  belonging  to  the  Cunard  and  Ininan  lines  maintain  a 
speed  of  15  knots  on  the  passage  across  the  Atlantic. 

I  would  refer  to  another  instance  within  my  own  observation,  where  our 
manufacturers,  finding  the  necessity  of  exertion  and  imitating  the  example  of 
foreigners,  have,  within  a  comparatively  short  time,  made  rapid  advances.  I 
allude  to  the  manufacture  of  dioptric  lighthouse  apparatus.  About  thirty  years 
ago  the  manufacture  of  lenticular  apparatus  was  exclusively  Parisian,  and  the 
lighthouse  of  Inchkeith  in  Scotland,  and  the  Start  Point  in  England,  were,  in 
1835,  supplied  with  dioptric  apparatus  made  in  Paris  under  the  direction  of 
the  late  Mr.  Alan  Stevenson,  engineer  to  the  Commissioners  of  Northern  Light- 
houses. During  the  same  year  Mr.  Stevenson  interested  Messrs.  Cookson,  of 
Newcastle,  in  the  manufacture  of  lighthouse  lenticular  apparatus,  and  that  firm 
produced  in  1836,  under  Mr.  Stevenson's  directions,  the  apparatus  for  the  Isle 
of  May,  being  the  earliest  first-order  apparatus  made  in  this  country.  It  was 
obvious  that  there  was  a  field  for  such  manufacture,  and  it  was  thereafter 
taken  up  by  Messrs.  Chance,  of  Birmingham,  who  now  are  successful  competitors 
with  the  French  ;  the  apparatus  constructed  by  them  is  found  in  all  quarters 
of  the  world,  and  the  firm  of  which  I  am  a  member  has  employed  them  to 
construct  from  our  designs  apparatus  for  lighthouses  not  only  in  this  country, 
but  in  America,  India,  New  Zealand,  and  Japan. 

Tho  two  cases  I  have  stated  afford  a  proof  of  the  undeniable  fact  that  an 
intelligent  nation,  if  a  sufficient  inducement  presents  itself,  will  profit  by  the 
example  of  other  countries.  But  it  does  not  follow  that  the  introduction  of 
improved  steam  vessels  and  the  construction  of  dioptric  apparatus  in  Britain 
necessarily  imply  a  decline  of  steam  navigation  in  America,  or  of  lighthouse 
manufacture  in  France.  The  progress  of  other  countries  is,  as  I  have  attempted 
to  show,  the  natural  result  of  example,  which  in  certain  cases  lias  been  followed 
by  our  own  country;  and,  let  me  add,  that  when  in  1837  I  found  the  steam 
navigation  in  America  in  so  advanced  a  state,  I  found  all  the  railways  in  the 
country  laid  with  English-made  rails  and  chairs,  and  English  locomotives  plying 
on  some  of  their  lines.  But  who  for  a  moment  would  expect  that  the  acute  and 
far-seeing  American  people  would  up  to  the  present  time  continue  to  take  their 
rails  and  locomotives  from  England,  when  thirty  years  ago  they  had  fairly  out- 
stripped us  in  their  steam  navigation  ?  We  have  successfully  followed  thein  in 
that  department,  and  the  Americans,  when  I  visited  the  country,  were  receiving 
their  first  lesson  in  railways ;  but,  after  receiving  that  lesson,  they  had  no 
difficulty  in  assimilating  their  railway  works  to  the  climate  of  their  country, 
the  steepness  of  the  mountains,  and  the  circumstances  of  their  trade,  and  con- 
structing at  I'ittsburg  and  elsewhere  the  greater  part  of  their  own  ironwork, 
and  building  all  their  own  locomotives, — one  of  the  results  of  their  application 
of  locomotives  to  steep  gradients  being  the  introduction  of  American  engines 
into  this  country  in  1840,  for  the  Lickey  incline  of  1  in  37,  on  the  Birmingham 
and  Gloucester  1'ailway. 

But  let  us  now  consider,  in  so  far  as  we  have  elements  to  enable  us  to  do 
it,  whether  I  am  right  in  assuming  that  the  changed  relations  between  our  own 
and  foreign  countries,  do  not  indicate  that  we  have  declined,  but  that  our  com- 
petitors have  improved  in  manufacturing  skill,  and  for  this  purpose  I  shall 
appeal  to  a  body  of  testimony,  the  trustworthiness  and  value  of  which  cannot 
be  called  in  question  by  any  one  who  has  carefully  perused  it.  I  refer  to  the 
reports  of  artisans  selected  by  the  Society  of  Arts  ta  visit  the  Paris  Exhibition 
of  1867,  and  to  report  the  information  obtained. 

The  first  report  in  the  series  is  that  of  the  cabinet-maker,  in  which  the  fol- 
lowing statements  occur.  "We  find,"  he  says,  "that  the  foreigners  prefer 
Birmingham  and  Sheffield  steel,  and  we  were  shown  tools  from  London  whicli 
they  considereil  superior  to  their  own.  As  I  remarked  before,  I  consider  them 
more  proficient  in  shaped  work,  but  in  preparing,  fitting,  and  finishing  oarcaiSOj 
and  inside  work,  drawers  and  dovetailing,  we  ITS  deculedlj  superior.  In  thai 
branch  of  cabinet-work  to  which  I  have  been  most  accustomed,  viz.,  book-ca-e-, 
wardrobes,  &c.,  it  is  admitted  ours  is  more  substantial,  better  pat  together,  and 
finished  cleaner — our  dovetailing  and  drawer-work  is  much  neater  U  a  rule.  In 
hanging  draperies  and  curtains,  I  consider  the  French  throw  u-  completely  in 
the  shade." 

The  porcelain  decorator,  a  branch  in  whicli   wc  should  have  been  prepared  to 
find  the  English  inferior,  reports, "  that  onr  productions  il  ihis  Bxhibitii 
greatly  in  advance  of  all  our  former  efforte  j   while  in    I  . 

articles  of  our  trade,  we  art   really  ahead  of  them*"       0  tall  given  to 

Minion's  workmen  for  porcelain  decoration,  the  jnrore  gave  four  to  Bngusb,  and 
one  to  a  German,  workman ;  and  oi  •  hrc-  wire 

given  to  Knglish,  and  one  to  a  German. 

place.  "So  much,"  adds  thu  reporter,  "fat  the  charge  of  English  inferiority  or 
incapacity." 

The  reporter  on  saws  and  tools  says,  that  "England  is  still  in  ailvanco  of 
France,  Belgium,  and  Germany,  for  the  highest  excellence  in  tl  tion  of 


model  and  of  a  cutting  edge  in  saws  and  tools  ;  "  and  the  cutler  asserts,  "  that 
in  all  articles  which  require  a  keen-cutting  edge,  Sheffield  stands  at  the  head  of 
all  her  competitors." 

The  glass  painter  states,  that  "  for  greater  variety  and  graceful  design  in  their 
arrangement  of  ornament,  I  think  the  Freuch  are  superior  to  us,  but  for  rich- 
ness and  a  more  pleasing  harmony  of  colour,  I  think  the  English  glass  painters 
as  a  body  are  second  to  none." 

In  chairmaking  and  wood  carving  the  English  are  reported  on  the  whole  to  be 
deficient.  A  cabinet  draughtsman  says,  "  France  is  before  us  in  design,  but  not 
in  workmanship;"  and  adds,  "the  palm  for  workmanship  must  be  giveu  to 
Messrs.  Jackson  and  Graham  of  London,  whose  exhibit  is  the  finest  in  the 
entire  Exhibition." 

In  ribbons  and  lace  the  foreigners  surpass  us,  but  the  English  articles  of 
hosiery  were  reported  not  to  be  excelled  by  anything  in  the  Exhibition. 

In  pottery,  the  reporter  says,  "  after  a  minute  examination  of  the  various 
stalls,  both  home  and  foreign,  I  have  come  to  the  conclusion,  and  the  fact  is 
forced  on  my  mind,  that  the  British  workman  is  not  to  be  surpassed,  if  he  can 
at  all  be  equalled ;  "  and  the  tilemaker  states  that  "  in  reference  to  the  pro- 
ductions of  English  and  those  of  continental  manufactures,  after  closely  examin- 
ing the  various  collections,  I  have  little  hesitation  in  stating  that  the  continen- 
tal productions  are  much  below  the  standard  in  comparison  to  English  manu- 
factures in  this  branch  of  industry."  England  is  reported  to  "  stand  foremost 
in  the  quality  and  design  of  works  in  terra-cotta  ;  and  for  variety  and  excellence 
of  earthenware,  it  maintains  that  superiority  which  has  so  long  distinguished 
her." 

The  carpenters  and  joiners  "  consider  Parisian  joincr's-work  to  be  far  inferior 
to  that  done  in  this  country."  British  joinery  holds  its  place  amongst  the 
nations  of  the  world.  Of  Belgian  work,  "they  have  little  that  is  favourable 
to  remark  ;  "  and  America  exhibits  a  class  of  work  far  more  like  the  English  in 
quality. 

The  stone  mason  claims  for  his  own  countrymen  "  more  skill  and  system  in 
executing  their  work,  both  as  regards  quality  and  quantity  ;  "  while  the  coach 
maker  reports  that  the  foreigners  do  not  construct  their  work  with  such  effec- 
tiveness and  durability,  and  "sees  nothing  yet  to  tarnish  the  reputation  of 
English  coachbuilders." 

An  interesting  report  follows  on  shipbuilding,  in  which  the  author  says,  "  I 
was  very  much  surprised  by  tho  scarcity  of  work  connected  with  that  class, 
with  the  exception  of  that  sent  by  England,  which  was  very  good  and 
plentiful." 

In  silver-work  it  is  stated,  "  wc  see  at  once  that  France  and  England  occupy 
the   first  rank    as   producers   of   high-class    art  work  in   the   precious  m 
and  of  the  two  the   superiority  must  be   acknowledged  to  be  on  the  side  of 
France." 

In  hammered  iron  also,  the  only  competitors  of  consequence  are  said  to  be 
French  and  English.  The  former  excel  in  taste  and  effect,  but  they  arc  not 
more  skilful  as  smiths;  the  reporter  adds,  "  in  fact,  I  think  the  English  excel  " 
in  that  department.  Another  reporter  on  ornamental  iron  thinks  "the 
English  are  far  behind  the  French,"  but  that  these  two  countries  arc  the  only 
competitors.  Three  reports  are  given  on  watchmaking-  In  one  it  is  stated 
that  England  "still  maintains  her  superiority  in  substantiality  of  workmanship 
and  system  for  accurate  time  keeping ;  "  in  another,  the  English  watch  and 
chronometer  maker  is  said  "still  to  stand  at  the  head  of  his  profession;" 
while  the  third,  on  clockmaking,  states,  that  in  this  branch  "  the  French  surpass 
in  every  point." 

In  tailoring,  it  is  the  reporter's  conviction  "  that  the  west-end  tailor  of  Lon- 
don is  by  far  the  best,  and  greatly  the  quickest  workman." 

The  reporter  on  bookbinding  Bays,  "the  works  exhibited  by  England,  form  as 
fine  a  collection  as  the  nineteenth  century  lias  produced,  and  it  is  therefore  no 
matter  of  surprise  that  the  majority  of  medals  for  binding  were  awarded  to  the 
English."  The  worker  in  leather  says,  "  nothing  which  I  could  take  as  a  - 
pie  of  national  skill  would,  in  my  opinion,  equal  the  production  of  the  English 
manufacturers." 

In  worsted  yarns  and  mixed  textile  fabrics,  the  French  are  reported  by  tWO 
different  reporters  to  be  superior,  and  of  the  machinery  for  manufacturing  mob 
fabrics,  it  is  stated,  "it  is  impossible  to  find  any  within  the  preoinotl  of  thu 
exhibition,  or  elsewhere,  to  compare  with  the  Knglish.".  This  tame  reporter 
further  states,  that  every  exertion  is  being  made  by  foreigners  to  supersede  us 
in  these  departments  of  trade. 

Next  come  important  reports  from  Mechanical  Engineer!,  from  which  I 
quote  tho  following  extracts  : — "  Fur  finish  and  sound  workmanship,  1  saw 
nothing  to  surpass  the  British  display.  Amongst  all  the  other  nation-,  in- 
cluding the  French,  themachinan   was  of  ■  heavy  build,  with  mnoh  waste  of 

metal,  and  evidence  of  Want  of  skill  in  design,  Before  \i-nn-  PsJJS,  1  had 
i  much  of  French  and  Belgian  locomotive-,  mid  their  chrapuess  and 
superiority  over  ours,  but  I  have  not  the  slightest  hesitation,  att.  r  b  iving  care- 
fully looked  at  all  the  s|ieciuienH  of  tin- da-.-,  of  » ork  which  I  mold  find  in  t  lu- 
ll, Prussian,  and  Belgian oonrts oi  the  exhibition,^  il  tin- best 
foreign  locomotives  were  but  bad  oopies  of  English  originals. 

Allow  me  very  shortly  to  add  to  the  testi ny  of  the  artisan 

have  [  the  result  of  my  own  observation  on  the  Preach  BiMbi' 

tion  of  1807. 

Though  preeenf  at  the  exhibition  professionally,  to  n>|  nlar 

branch  srmg,  I.  Into  fat  it  time  admitted,  examined  thi  mechanical 

department,  and  I  certain  I  v  cams  to  tho  conclusion,  that  to  n  visitor. 

judging  from  whs  nonan  outward  inspect the  I  i*d 

tith  exhibitors,  as  respects  finish,  ueldai  ibis 

i  w ltd  those  "t  the  oi  that 

in  large  marine  engines,  end  In  '  we  were  quite  ■ 

and  it  s,,-,-  [s  to  be  tak.  n  as  a  criterion  ol   perfection,  we  ebonld  certain!] 

.  bat  the  oouotrj   m  win. h  the 
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exhibition  is  held  has  enormous  advantages,  particularly  in  the  production  of 
large  machinery.  At  what  sacrifice  to  the  exhibitor  could  large  marine  engines 
and  forgings,  such  as  those  exhibited  by  our  foreign  neighbours,  have  been 
transferred  by  us  for  exhibition  in  the  Champs  de  Mars  ! 

After  observation  on  the  spot,  then,  and  careful  study  of  all  the  evidence  I 
could  procure,  I  have  no  difficulty  in  concluding,  First,  That  any  alteration  in 
British  manufacturing  pre-eminence  and  monopoly  since  1851  is  due  not  to 
decline  of  British  workmanship,  but  to  increased  excellence  of  the  work  of 
foreign  nations.  Secondly,  That  in  most  departments  of  trade  Britain  still 
maintains  pre-eminence  in  skill;  snd  thirdly,  That  the  departments  where  the 
foreigners  excel  in  skill  are  those  chiefly  of  art  workmanship. 

But  now  the  question  may  fairly  be  asked,  Is  then  the  present  system  of 
education  in  this  country,  both  in  its  character  and  extent,  sufficient,  and  do 
we  require  to  make  an  effort  to  maintain,  if  not  to  improve,  our  manufactures  ? 
Have  we,  in  short,  attained  perfection  ?  And  to  this  question  we  have  no 
hesitation  in  giving  a  negative  reply.  Improved  education  and  increased  exer- 
tion are  every  year  more  loudly  called  for.  No  one  will  venture  to 
dispute,  as  indeed  is  fully  borne  out  by  the  Artisans'  Beports,  that  in  all 
departments  of  art  workmanship  the  foreigners — in  the  fine  examples  constantly 
presented  to  the  workman's  view,  and  in  the  thorough  training  afforded  by 
their  schools  of  design — show  us  an  example  worthy  of  our  careful  imitation. 
But  while  this  may  he  fairly  admitted,  we  cannot  join  in  the  sweeping  cry 
that  has  been  raised,  that  our  workmen  in  all  departments  are  losing  their 
cunning,  and  that  all  this  is  due  to  the  want  of  technical  education. 

Mr.  Russell  says,  "  The  English  are  not  an  educated  people.  They  are,  at 
least,  an  ill-educated  people.  They  educate  themselves  as  best  they  rnay ;  the 
blind  lead  the  blind.  They  have  fallen  behind  their  rival  nations.  They  have 
been  abandoned  to  their  fate,  and  they  suffer."  •  I  can  hardly  conceive  a  more 
satisfactory  refutation  of  this  general  condemnation  than  the  highly  creditable 
volume  of  artisans'  reports,  to  which  I  have  referred.  A  selection,  I  will  ven- 
ture to  say,  of  more  ably  written  documents,  replete  with  more  valuable 
information,  could  not  be  produced  by  the  workmen  of  any  nation  in  the 
world. 

If,  indeed,  I  held  the  views  expressed  by  some  writers  as  to  the  extent  and 
kind  of  education  necessary  to  prepare  the  workman  for  his  duty,  I  should, 
perhaps,  be  driven  to  adopt  those  terms  of  wholesale  complaint.  For  it  has 
been  asked,  "  Why  should  not  the  miner  find  compensatory  pleasure  for  the 
darkness  of  the  mine  in  a  knowledge  of  the  gases  by  which  he  is  surrounded 
and  of  the  minerals  he  is  extracting  ?  "  "  The  intelligent  ditcher,"  it  has  been 
been  said,  "  should  so  arrange  his  work  before  he  puts  a  spade  in  the  soil  that 
every  bit  of  earth  is  moved  out  of  its  old  place  into  its  new  the  shortest  way 
over  the  least  distance,  with  the  least  force."  Now,  I  cannot  help  thinking 
that  such  views  are,  if  not  purely  fanciful,  at  least  very  impracticable.  All 
education  which  can  tend  to  make  a  workman  excel  in  his  style  of  workman- 
ship cannot  be  too  highly  commended,  but  it  is  obvious  that  all  education  does 
not  tend  to  this.  To  take  an  example  :  it  is  clear  that  to  the  stone-mason,  as 
such,  it  can  be  of  no  value  that  he  should  be  able  to  tell  whether  the  stone  he 
is  working  be  from  the  Coal-measures  or  the  Old  Bed  Sandstone,  whether  it  be 
a  granite  or  a  syenite.  But  if  he  be  employed  in  the  finer  or  ornamenta 
departments  of  masonry,  it  is  equally  obvious  that  a  knowledge  of  drawing  and 
design  may  greatly  tend  to  improve  his  style  of  workmanship,  and  facilitate 
its  execution.  And  hence  we  may  safely  conclude  that  it  cannot  profit  the 
mason's  manipulation  to  study  geology,  whereas  he  may  attain  much  benefit 
from  attending  a  school  of  design. 

It  seems  to  me  that  in  the  desire  to  impart  to  the  working-classes  a  general 
course  of  study,  much  harm  may  be  done  ;  for  it  must  be  kept  in  view  that 
the  possession  of  ten  fingers,  coupled  with  a  large  store,  it  may  be,  of  head 
knowledge,  does  not  necessarily  give  the  power  to  any  lad  to  become  an  accom- 
plished workman.  To  excel  in  handicraft  is  a  gift  possessed  in  different  degrees 
'  by  different  persons,  just  like  excellence  in  classical  or  scientific  accomplish- 
ments ;  and  it  is  only,  at  best,  by  an  early  apprenticeship  to  the  work,  and  a 
patient  practice  of  it,  that  most  persons,  even  though  having  what  is  called  a 
mechanical  turn,  are  enabled  to  acquire  perfection  ;  and  it  would  be  exceedingly 
undesirable  to  employ  either  the  heads  or  the  time  of  apprentices  in  studies 
which  have  not  the  direct  effect  of  improving  their  manipulation  and  manage- 
ment of  the  materials  with  which  they  have  to  deal.  The  recent  •advocates  of 
improved  techinal  education,  in  their  zeal  for  head  knowledge,  have  given  to 
perfect  manipulation  greatly  too  subordinate  a  place ;  and  in  the  educational 
-arrangements  they  propose,  they  do  not  consider  and  provide  for  the  time  and 
difficulty  of  acquiring  those  high  manipulative  attainments  which  every  skilled 
workman  should  aim  to  possess.  Because,  after  all,  let  me  ask,  what  is  it  but 
manipulative  superiority  that  gives  success  to  any  branch  of  manufacture,  and 
laborious  practice,  coupled  with  some  amount  of  natural  aptitude,  will  ever  make 
a  first-class  workman  ? 

What,  then,  ought  to  be  the  education  of  such  a  man  ?  Clearly  every  branch 
that  can  help  him  to  perfection  in  work,  but  as  clearly  nothing  that  will  simply 
occupy  his  time  without  furthering  the  all  important  acquisition  of  manipulative 
skill. 

Now,  in  attempting  to  define  these  limits,  I  think  we  may  be  assisted  by 
keeping  in  view  the  following  general  propositions: — 

First,  That  the  elementary  or  primary  education  of  the  schoolboy  cannot  be 
too  perfect,  consistent  with  the  boy's  capacity,  and  the  time  that  can  warrantably 
be  allowed  to  it ;  and  this  remark  is  of  universal  application,  and  ought  to 
embrace  all  British  subjects.  Whether  the  primary  education  should  be 
voluntary  or  compulsory,  demoninational  or  national,  is  not  our  object  at 
present  to  inquire,  and  the  ensuing  session  of  Parliament  is  likely  to  decide. 

Second,  That  a  certain  amount  and  kind  of  technical  education  would  be 
invaluable  for  certain  classes  of  workmen,  especially  those  in  the  department  of 
art  work    but  this  teaching,  too,  must  not  unwarrantably  interfere  with  the 


time  and  practice  requisite  to  enable  the  lad  to  acquire  the  manipulative  part 
of  his  business,  which  is  what  makes  the  skilled  workman;  and  therefore 
technical  differs  from  primary  education,  inasmuch  as  it  is  not  only  not  applica- 
ble to  all,  but,  to  be  successfully  carried  out,  much  discrimination  must  be  used 
in  determining  for  what  branches  and  to  what  extent  it  may  be  beneficially 
employed ;  and, 

Third,  That  the  acquisition  of  general  knowledge,  such  as  may  be  got  by 
attending  lectures,  schools  of  arts,  and  otherwise,  may  safely  be  left  to  the 
taste  and  discretion  of  the  workman,  and  must  depend  chiefly  on  the  position  to 
which  he  aspires ;  but  as  all  cannot  be  foremen  or  managers,  it  is  obvious  that 
technical  and  general  education,  as  I  have  defined  them,  cannot  be  "regarded  as 
of  essential  importance  to  the  great  bulk  of  the  working-classes. 

But  it  still  remains  for  me  to  direct  your  attention  to  what  has  all  along 
appeared  to  me  as  by  far  the  most  serious  aspect  of  this  important  national 
question.  Had  the  difficulty  of  dealing  with  the  improvement  and  maintenance 
of  our  manufactures  been  only  educational,  it  might  have  been  effectually  and 
satisfactorily  overcome,  even  had  our  national  deficiencies  in  this  respect  been 
so  great,  and  additional  schools  and  colleges  so  urgently  required,  as  the  most 
strenuous  supporters  of  the  educational  movement  represent.  The  country,  I 
am  sure,  would  not  grudge  any  cost  required  to  attain  so  desii able  an  object. 
But  it  seems  to  me  that  we  have  to  deal  with  difficulties  which  mere  money 
cannot  overcome,  and  Government  interference  cannot  wholly  reach — difficulties, 
the  mastery  of  which  will,  I'venture  to  predict,  ere  long  tax  to  the  utmost  the 
energy  and  the  self-denial  of  the  British  nation.  But  what  are  these  difficulties  ? 
Foreign  countries  have  now,  as  we  have  seen,  given  their  attention  to  manufac- 
tures ;  they  have  undeniably  in  their  own  people  the  minds  and  hands  to  do  the 
work.  Britain  is  freely  thrown  open  to  receive  the  products  of  their  labour, 
and  the  simple  question  now  is,  who  can  produce  good  work  at  the  cheapest 
cost  ?  This  is  a  view  of  the  matter  in  which  our  foreign  friends  have  great 
advantages,  and  to  this,  I  believe,  coupled  with  foreign  restrictions  on  the  intro- 
duction of  our  manufacture,  we  may  chiefly  trace  the  altered  position  which 
industrial  Britain  occupies  among  the  nations  of  the  world.  The  habits  and 
dress  of  foreign  workmen  are  in  every  way  more  simple  than  ours ;  their  rate 
of  pay  is  greatly  lower,  and  they  can  turn  out  their  work  at  a  price  with  which 
the  high  wages  of  this  country  render  it  impossible  for  us  to  compete ;  and 
with  us  wages  are  still  increasing.  In  my  own  experience,  indeed,  I  am  enabled 
to  state  that  the  wages  now  paid  at  Dhu  Heartach  Lighthouse  works  exceed 
by  upwards  of  30  per  cent,  those  paid  at  the  works  at  Skerryvore  Lighthouse, 
which  was  executed  thirty  years  ago  in  the  same  part  of  the  country,  and  under 
precisely  similar  circumstances  ;  and  since  then,  it  is  proper  to  remark,  the  price 
of  ordinary  provisions  has  risen  in  nearly  the  same  proportion. 

Let  me  give  an  illustration  out  of  many  that  may  be  cited  of  the  practical 
working  of  this  state  of  matters.  An  extensive  shipbuilder  in  this  country 
lately  gave  an  offer  for  a  contract,  as  he  thought,  at  an  almost  unremuueratively 
low  rate.  The  work  was  let  to  a  foreign  firm,  and  on  visiting  the  country  shortly 
afterwards  he  saw  on  the  stocks  the  vessel  for  which  he  had  offered,  and  he  told 
me  that,  on  inquiry,  his  loss  of  the  contract  was  quickly  solved,  as  he  found 
that  the  wages  paid  to  some  of  the  skilled  workmen  in  that  foreign  shipbuilding 
yard  were  less  than  one  half  of  what  he  was  paying  at  home !  The  Trinity 
House  of  London  requiring  dressed  granite  blocks  for  the  Longships  Lighthouse, 
accepted  the  lowest  offer,  being  that  of  a  firm  in  Dinan  in  Brittany ;  so  that 
even  in  the  very  heart  of  our  granite  district  of  Cornwall  the  English  workman 
is  undersold  in  producing  stones  to  build  a  lighthouse  on  the  shores  of  his  own 
country. 

Now,  these  very  grave  considerations  have  led  me  to  direct  your  attention 
this  evening  to  our  national  manufactures ;  and  in  order  to  bring  that  subject 
before  you  in  all  its  aspects  and  in  all  its  importance,  it  was  necessary  that  I 
should  take  exception  to  the  opinion  60  widely  expressed,  that  the  skill  of  our 
workmen  has  declined;  and  on  this  point  I  trust  you  are  satisfied  from  the 
evidence  I  have  been  able  to  lay  before  you ;  and  it  was  further  necessary  that  I 
should  combat  the  idea  that  improved  technical  education  would  remove  the 
whole  of  the  difficulties  under  which  our  manfacturers  are  on  all  hands  ad- 
mitted to  be  suffering. 

The  cure,  it  seems  to  me,  must  rest  chiefly  and  primarily  with  the  working 
men  themselves  and  their  employers  :  and  if  between  them  they  cannot  devise 
some  means  whereby  British  work  can  be  manufactured  and  sold  at  something 
like  foreign  prices,  we  must  be  content,  I  fear,  to  resign  our  national  manu- 
facturing pre-eminence,  and  meekly  to  succumb  to  the  advantageous  position  of 
our  foreign  competitors — unless,  indeed,  foreign  habits  should  alter,  and  foreign 
wages  should  increase  in  some  such  ratio  as  our  own  ;  but  it  would  be  neither 
wise  nor  politic  to  rest  satisfied  with  an  expectation,  the  realisation  of  which 
is  at  the  best  uncertain,  and  certainly  very  distant.  But  is  there  not  still  hope 
for  us  ?  Is  it  not  the  case  that  as  yet  there  has  been  too  little  deliberative 
aud  friendly  communication  between  the  employers  and  the  employed  on  this 
most  urgent  and  important  subject  ? 

Instead  of  antagonism  between  employer  and  employed,  let  us  rather  see 
intelligent  and  thoughtful  co-operation,  if  we  desire  that  Britain  should  cope 
with  its  formidable  rivals.  Ths  interests  involved  are  momentous,  and  the 
combatants  numerous  and  influential,  represented  on  the  one  hand  by  the 
manufacturers  and  their  capital,  and  on  the  other  by  the  workmen  and  their 
trades  unions.  Both  might  be  cordially  united  in  one  common  effort  to  save 
our  country's  manufactures  and  promote  their  common  good.  We  do  not 
blame  either  party  for  protecting  their  rights  by  all  lawful  means,  but  so  long 
as  their  exertions  are  antagenistic  and  hostile,  commerciiil  depression  must  con- 
tinue ;  and  the  manufacturers  will  ultimately  find,  perhaps  when  it  is  too  late, 
that  their  capital  will  be  unremunerative,  and  the  workmen  that  high  wages 
and  short  hours  will  not  restore  diverted  or  declining  trade. 
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THE  INSTITUTION  OF  CIYIL  ENGINEERS. 

At  the  first  ordinary  General  Meeting  of  the  sossion,  held  on  Tuesday, 
the  9th  ult.,  Mr.  Charles  Hutton  Gregory,  the  President,  made  the  following 
observations  on  taking  the  chair  : — 

Although  every  member  of  the  Institution  in  this  country  has  already 
received  copies  of  the  recent  communications  addressed  to  the  Government 
of  India,  it  is  felt  that  the  Institution  ought  not  to  meet  for  the  first  time 
after  the  vacation,  without  some  reference  to  an  attack  on  the  honour  of 
the  profession,  which  has  justly  aroused,  in  India  and  in  England,  a  deep 
feeling  of  indignation. 

On  the  18th  of  October,  copies  were  received  hero  of  a  notification 
gazetted  by  the  Public  Works  Department  of  the  Government  of  India,  in 
-which  it  was  alleged  that  the  Governor-General  in  Council  was  given  to 
understand,  that  in  the  civil  engineering  profession  in  England,  it  was  a 
recognised  practice  for  civil  engineers  employed  by  public  companies  and 
otherwise,  to  receive,  in  addition  to  the  salaries  paid  them  by  their  em- 
ployers, commission  on  contracts  given  out,  or  stores  or  materials  ordered 
or  inspected  by  them,  and  other  like  pecuniary  considerations  for  services 
done,  or  intended  to  bo  done,  which  were  considered  legitimate  sources  of 
emolument. 

The  Council  immediately  met,  and  unanimously  passed  a  series  of  reso- 
lutions, emphatically  denying  that  such  practices  were  recognised  in  the 
profession,  and  asserting  that  any  engineer  detected  in  such  practices  would 
be  held  to  be  guilty  of  disgraceful  conduct,  which  would  disqualify  him 
from  being  a  member  of  this  Institution.  Regret  was  expressed  that  so 
grave  a  charge  should  have  been  roceived  and  published  by  the  Govern- 
ment of  India  without  proper  inquiry,  as  such  inquiry  would  have  shown 
that  tho  charge  was  absolutely  untrue ;  and,  having  roferenco  to  the 
griovous  wrong  which  such  an  imputation,  stamped  with  such  authority, 
■was  calculated  to  do  to  sn  honourable  profession,  an  appeal  was  made  to 
the  Government  of  India  to  cause  the  scandalous  statoment  to  bo  with- 
drawn. 

This  protest  was  transmitted  to  the  Secretary  of  State  for  India,  who 
only  reached  London  on  the  25th  of  October,  but  who,  on  the  27th,  amidst 
the  pressure  of  other  public  business,  received  a  deputation  from  this  Insti- 
tution, comprising  the  President  and  every  member  of  Council  then  in 
London.  The  deputation  pointed  out  to  His  Grace  not  only  the  injustice 
which  tho  notification  had  done  to  tho  whole  profession,  but  also  the  serious 
effect  which  it  would  produco  upon  the  public  service  in  India,  as  such  a 
disgraceful  stigma,  cast  upon  civil  ongineors  as  a  body,  would  bring  to  a 
crisis  the  wide-spread  discontont  already  existing  among  tho  civil  officers  of 
the  Public  Works  Department ;  and  they  submitted  that  unless  tho  notifi- 
cation wero  withrawn,  it  might  be  expected  that  the  Government  of  India, 
at  tho  very  moment  of  taking  upon  itself  the  construction  of  all  the  public 
works  of  that  empire,  would  loose  the  services  of  the  bosc  of  those,  whoso 
experience  would,  at  such  a  time,  be  ossential. 

Tho  Duke  of  Argyll  promised  to  investigate  tho  case,  and,  with  the 
natural  instinct  of  a  just  and  high-minded  statesman,  has  put  on  record 
that  "ho  regards  with  implicit  confidence  the  indignant  repudiation  by  the 
Institution  of  any  recognition  of  tho  practice  roforrod  to  in  tho  notifica- 
tion." 

By  tho  mail  of  October  tho  29th,  tho  Council  forwarded  their  protest  to 
tho  Governor-Oonoral  of  India,  and  sent  copios  of  the  correspondence  to 
the  many  engineers  who  had  addressed  thorn  and  claimed  their  interven- 
tion. 

Timo  will  proVbly  throw  more  light  upon  tho  causes  and  motivos  of  this 
most  ill-advised  notification. 

If  in  the  engineering  prof  in  othors,  thoro  may  bo  instances  of 

secret   di  nak  acts  are   not  recognised  as  legitimate.     The  pro- 

ion  has  not  sought  to  parado  its  purity  bi  orld,  but  the  met 

of  this  Institution  know  how  carefully  anyone  boliovod  to  bo  unworthy  of  it 
ded  from  this  the  representative  body  of  tho  profession  :  and 
although  happily  such  instances  aro  rare,  and  such  practices  are  from  their 
nature  most  difficult  of  detection,  yot  stops  havo  boforo  now  1  i 
which  havo  issued  in  somo  porsons  charged  with  misconduct  ceasing  to 
belong  to  tho  Institution. 

At  the  approaching  annua]  general  mooting  tho  Council  will  a 
ratification  of  their  action  which  they  are  i  will 

unanimously   and   cordially  give;  and   if  among  the  public   there  be 
cynical  minds  which,  while  wny  sensitive  for  their  own  i  q  take 

pleasure  in  :i  libel  directed  n t_c:i l -  the  members  of  this  institution 

may  feol  suro   that,  in   vindicati  inonr  ol   tho  profession,  they  will 

have  tho  sympathy  of  all  honourablo  I 


SUBJECTS  TOR  PREMIUMS. 
Smbiok  1809  70. 

Tho  Council  of  th»  Institution  of  rivil  Engineers  in-,  i'  Icstloiu 

on  tho  subjects  comprised  in  the  follon  Ingll  ;,  as  •■■•  ■  II  aa  no  a  others;  neb 

as  1st.  Authentic  dotaiW  of  tho  progress  rf  nny  work   in  civil   an 


as  far  as  absolutely  oxocuted  (Smeaton's  account  of  the  Eddystone  Light- 
houso  may  be  taken  as  an  -example) ;  2nd.  Description  of  engines  and 
machines  of  various  kinds ;  or  3rd.  Practical  essays  on  subjects  connected 
with  engineering,  as,  for  instance,  metallurgy.  For  approved  original  com- 
munications, the  Council  will  be  prepared  to  award  the  premiums  arising 
out  of  special  funds  devoted  for  the  purpose. 

1.  On  steam  and  hydraulic  cranes,  and  on  the  application  of  steam  power 
in  the  execution  of  public  works. 

2.  On  the  different  systems  and  the  results  of  the  use  of  road  traction 
engines. 

3.  On  the  theory  and  details  of  construction  of  metal  and  timber  arches. 

4.  On  land-slips,  with  tho  best  means  of  preventing,  or  arresting  them, 
with  examples. 

5.  On  tho  principles  to  bo  observed  in  laying-out  lines  of  railway  through 
mountainous  countries,  with  examplos  of  their  application  in  the  Alps,  the 
Pyrenees,  tho  Indian  Ghats,  the  Rocky  Mountains  of  America,  and  similar 
cases. 

6.  On  tho  working  expenses  of   railways. 

7.  On  railway  ferries,  or  the  transmission  of  railway  trains  entire  across 
rivers,  estuaries,  &c. 

8.  On  tho  systems  of  fixed  signals  at  present  in  use  on  railways. 

9.  Description  of  a  modern  locomotivo  engine,  designed  with  a  view  to 
cheapness  of  construction,  durability,  and  facility  of  repair. 

10.  On  tho  cost  of  maintenance  of  railway  locomotives. 

11.  Description  of  continuous  brakes  which  have  beon  extensively  em- 
ployed on  railways,  and  the  general  results. 

12.  On  the  most  suitable  materials  for,  and  tho  best  mode  of  formation  of, 
tho  surfaces  of  the  streets  of  large  towns. 

13.  On  the  construction  of  catch-water  reservoirs  in  mountain  districts, 
for  the  supply  of  towns,  for  irrigation,  or  for  manufacturing  purposes. 

14.  Accounts  of  existing  waterworks ;  including  tho  sources  of  supply,  a 
description  of  the  different  modes  of  collecting  and  filtering  water,  the  dis- 
tribution to  the  consumer,  and  the  general  practical  results. 

15.  On  pumping  machinery  for  raising  water,  both  for  high  and  low  lifts. 

16.  On  tho  principles  applicable  to  the  drainage  of  towns,  and  the  dis- 
posal of  the  sowago. 

1 7.  On  the  employment  of  steam  power  in  agriculture. 

1 8.  On  the  ventilation  and  warming  of  public  buildings. 

19.  On  tho  design  and  construction  of  gasworks,  with  a  view  to  tho 
manufacture  of  gas  of  high  illuminating  power  :  and  on  the  most  eoonon 
system  of  distribution  of  gas,  and  the  best  modes  of  illumination  iu  streets 
and  buildings. 

20.  Description  of  successfully  applied  gas  ongines. 

21.  Critical  observations  on  tides,  and  particularly  as  affecting  coasts, 
estuaries,  rivers,  docks,  and  navigation. 

22.  On  tho  maintenance,  by  sluicing,  of  the  harbours  on  tho  coasts  of 
France,  Belgium,  and  Holland. 

23.  Description  of  the  sea  works  at  tho  mouths  of  the  River  Mass,  and 
the  effects  producod  thereby. 

24.  On  tho  construction  of  tidal,  or  othor  dams,  in  a  constant  or  variablo 
depth  of  water;  and  on  the  use  of  wrought  iron  in  their  construction. 

25.  On  the  arrangement  and  construction  of  floating  landing  stages,  for 
passenger  and  othor  traffic,  with  existing  examples. 

26.  On  tho  different  systoms  of  Bwil  and  other  opening  bridges, 
with  existing  examples. 

27*  On  the  measure  of  resistance  to  bodies  passing  through  fluids  at 
different  velocities,  and  of  fluids  passing  through  pipes  and  in  channels. 

28.  •  >n  the  results  of  the  best  modern  practice  in  ocean  steam  navigation, 
having  regard  particularly  to  •  working   expenses,  by  supor- 

heating,  surface  condensing,  gn 
the  '"  life  ''  and  cost  of  maintenance  of  merchant  fiteani  ships. 

20.   I  'n  the  prod  vment  of  heated  air  aa  a  motive  power. 

80.  On  ihips  of  war,  with  regard  to  thoir  armour,  ordnance,  modo  of 
propul  ion,  and  machinery. 

81,  On  tho  measures  to  bo  adopted  for  protecting  iron  ships  from  corrosion. 
::■-'.  1 1         il  mining  in  deep  workings. 

:;.:.  On  oolllei  tho   influence  of  different  modes  of 

■:il  on  tho  l 
::l.  On  tie-  present  system*  'f  smelting  iron  ores;  of  tic-  a  of 

ran  into  the  malttaVle  stato  and  b  md  of  tio<  mannfaetm 

Iron  and  ally,  comprising  tho  distribution  and  an  >< 

iron  ai  rk*. 

88.   0  tor   piling   heavy  rails,  shafts,  and  ban  Of  largo 

•oil  area,  nnd  f..r  forging  heavy  niSHHOH  oi   metal 

and  its  pr  rdi  production  and  appl 

■  fo  working  strength  of  cast  and  Iron  and   • 

including  tho  results  of  expertmenta^  on  the  elastic  limit  of  long  I  :>rs  of 

ir.  n,  anil  on  tho  rato  of  decay  by  rust 
I  strain*. 
88.  On  machinery  for  washing  Icsd  ores. 
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39.  On  the  present  state  of  submarine  telegraphy,  and  on  the  trans- 
mission of  electric  signals  through  submarine  cables. 

The  Council  will  be  glad  to  receive,  for  the  purpose  of  forming  an  "  appen- 
dix "  to  the  minutes  of  the  proceedings,  the  details  and  results  of  any 
experiments  or  observations,  on  subjects  connected  with  engineering 
science  or  practice. 

The  Council  will  not  consider  themselves  bound  to  award  any  premium, 
should  the  communication  not  be  of  adequate  merit,  bnt  they  will  award 
more  than  one  premium,  should  there  be  several  communications  on  the 
same  subject  deserving  this  mark  of  distinction.  It  is  to  be  understood 
that,  in  awarding  the  premiums,  no  distinction  will  be  made,  whether  the 
communication  has  been  received  from  a  member,  or  an  associate  of  the 
Institute,  or  from  any  other  person,  whether  a  native  or  a  foreigner. 

The  communications  must  be  forwarded,  on  or  before  the  1st  of  February, 
1870,  to  the  house  of  the  Institution,  No.  25,  Great  George-street,  West- 
minster, S.W.,  where  copies  of  this  paper,  and  any  further  information, 
may  be  obtained. 

Charles  Manby,  Honorary  Secretary. 
James  Forrest,  Secretaiy. 
The  Institution  of  Civil  Engineers, 

25,  Great  George-street,  Westminster,  S.W. 

Oct.   1869. 


MR.  ELLACOTT'S  DESCRIPTION  OF  THE  LOW  WATER  BASIN 
AT  BIRKENHEAD. 

The  discussion  upon  this  paper,  which  had  been  adjourned  from  last 
session,  was  resumed  and  concluded. 

In  the  course  of  the  discussion  it  was  remarked  that  the  Low  Water 
Basin  should  be  of  the  utmost  value  to  the  commerce  of  Mersey ,  inasmuch 
as  the  bottom  of  the  basin  was   12  feet  under  low  water   of  spring  tides, 
while  the  sill  of  the  Princes  Dock,  at  Liverpool,  was  2  feet  10  inches  above 
such  low  water.     The  works,  however,  as  actually  carried   out,    differed 
materially  from  the  plans  proposed  by  Mr.  Rendel,  as  would  be  seen  from 
the  following  figures  : — 

Mr.  Rendel.  Actual. 

Area  of  Basin  ...         ...         ...        37  acres  ...        14  acres. 

Sectional  area  at  entrance  to  river, 

at  low  water         4,200sq.fc.  ...  3,600  sq.  ft. 

Aperture  of  Sluices 1,280    „       ...      826      „ 

Ratios  of  areas  of  Sluices  to  area  of 

Basin  at  entrance,  at  low  water  ...  1  to  2*3  ...  lto  4-33 

From  this  it  would  appear  that,  in  order  to  produce  a  given  flow  from 
the  basin  into  the  Mersey  at  low  water,  the  velocities  through  the  sluices 
must,  by  the  actual  plan,  be  1'85  time  as  great  as  those  intended  by  Mr. 
Rendel;  and,  if  the  action  of  a  stream  of  water  were  as  the  square  of  the 
velocity,  the  destructive  effect  would  be  about  31  times  greater.  It  was 
further  observed  that  the  discharge  from  two  sets  of  sluices,  separated  by 
an  interval  of  120  feet,  differed  essentially  from  the  continuous  sheet  advo- 
cated by  Mr.  Rendel;  and  the  result  of  such  differences  would  lead  to 
eddies  and  foul  currents.  Again,  although  the  levels  of  the  sills  of  the 
sluices  were  about  the  same  as  in  the  original  designs,  yet  in  place  of  the 
water  having  a  short  run  through  the  sluicing  chambers,  the  inner  ends  of 
the  bottoms  of  these  passages  were  at  a  level  of  8  feet  helow  the 
Old  Dock  Sill,  and  distant  on  an  average,  265  feet  from  the  paddles, 
the  sills  of  which  had  been  placed  at  a  level  of  18  feet  below  the  Old  Dock 
Sill,  thus  creating  a  fall  outwardly  of  10  feet,  and  from  the  sills  of  the 
paddles  to  the  extremity  of  the  apron  another  fall  of  3  feet,  making 
together  13  feet  from  the  inlet  side  of  the  sluicing  passages  to  the  bottom 
of  the  Low  Water  Basin.  It  was  argued  that  such  a  fall  must  have  a 
tendency  to  tear  up  the  bottom  at  the  extremity  of  the  apron.  It  was  also 
pointed  out  thi»t  the  use  made  of  the  sluice?,  as  recorded  in  the  paper,  was 
entirely  at  variance  with  the  use  proposed  by  Mr.  Rendel,  who  had 
repeatedly  and  distinctly  stated,  that  the  sluicing  was  only  to  remove  the 
material  brought  in  by  the  tides,  say  about  one-tenth  of  an  inch  of  newly 
deposited  silt  every  twenty-four  hours.  Now,  it  was  stated  in  the  paper 
that  the  actual  sluicing  operations  had  been  directed  to  the  removal  of  a 
depth  of  32  inches  of  clay,  and  the  qnantity  displaced  on  fifty-six  occa- 
sions was  estimated  at  106,100  cubic  yards,  which  was  equal  to  about 
1  inch  over  the  whole  surface  of  the  basin,  or  ten  times  the  amount  origi- 
nally contemplated,  Further,  the  velocity  of  efflux  was  never  intended  to 
exceed  5-08  feet  per  second,  whereas  on  the  18th,  19th,  and  20th  of  August, 
1864,  it  was  calculated  that  the  velocity  of  discharge  had  been  30'87  feet 
per  second,  while  if  the  whole  of  the  fifty-six  days  were  taken,  it  would  be 
found  that  the  average  velocity  of  discharge  was  26'54  feet  per  second.  It 
was  not  stated  to  what  height  the  sluices  were  drawn,  but  it  was  presumed 
that  they  must  have  been  opened  to  their  full  extent.  In  making  trial  of 
such  an  important  work,  it  would  have  been  judicious  to  draw  the  sluices 
about  18  inches,  or  a  little  more,  at  one  time,  opening  some  of  them,  keep- 
ing others  closed,  and  interspersiug  the  apertures  in  such  a  way  as  to  cause 


the  current  to  act  in  the  most  efficient  manner  throughout  the  Low  Water 
Basin.  If  this  had  been  done  it  was  believed  that  a  current  of 
2  miles  per  hour  would  have  sufficed  to  clear  the  basin  of  all  ordinary 
deposits. 

On  the  other  haud,  it  was  contended  that  in  1856,  the  parliamentary 
plan  of  Mr.  Hartley  abolished  the  Low  Water  Basin,  and  substituted  in  its 
place  an  outer  dock,  with  locks,  and  a  small  entrance  basin  recessed  back 
400  feet  from  the  Mersey ;  but  the  Low  Water  Basin,  was  subsequently 
forced  upon  the  Liverpool  Corporation  by  the  railway  interests.  The 
original  idea  in  treating  Wallasey  Pool  was  that  it  should  form  a  great  high- 
way leading  to  docks  to  be  ultimately  found  on  its  margin.  In  1858, 
however,  an  alteration  was  made,  and  Wallasey  Pool  was  no  longer 
regarded  as  a  highway,  but  as  a  great  dock.  Obviously,  then,  what  would 
apply  in  the  one  case  would  not  apply  in  the  other.  It  was  asserted  that 
the  mode  of  sluicing  suggested  was  inapplicable,  as  far  as  the  working  of 
the  dock  was  concerned,  and  that  it  would  have  failed  to  keep  the  Low 
Water  Basin  open.  It  was  maintained  that  there  was  no  volume  of  water 
available  to  produce  the  requisite  current,  and  therefore  that  the  Liverpool 
authorities  had  acted  wisely  in  determining  to  abandon  the  project,  and  at 
once  to  make  a  dock,  with  a  small  tidal  basin,  so  far  recessed  from  the 
Mersey,  that  it  could  be  kept  open  by  sluicing  from  the  gates  above. 

It  was  stated  that  throughout  the  controversy  in  1844,  it  was  distinctly 
urged  that  it  was  not  intended  that  the  water  should  have  an  inclined 
downward  action,  but  that  it  should  issue  from  the  sluices  horizontally.  It 
was  alleged  that  the  sluicing  had  failed,  from  the  water  having  been  pro- 
jected downwards,  which,  so  projected,  followed  the  same  law  as  a  solid 
mass ;  it  was  reflected  upwards,  and  produced  an  upper  current.  It  might 
be  quite  true  that  in  1853  it  was  difficult  to  get  water  to  maintain  the 
Low  Water  Basin;  but  the  conditions  were  very  different  in  1844  and  in 
1853.  It  was  proposed,  in  1844,  that  the  Float  should  be  filled  at  every 
tide  to  the  level  of  the  tide  of  the  day  ;  and  inasmuch  as  the  indraft  from 
the  Mersey  would  have  been  at  the  rate  of  half  a  mile  per  hour  during  the 
six  hrmrs  of  flood  tide,  the  water  would  only  carry  material  due  to  that 
velocity.  But  the  rate  of  discharge  was  to  have  been  2-£  miles  per  hour — 
a  velocity  amply  sufficient  to  remove  particles  brought  in  by  the  flood. 

In  seeking  for  the  cause  of  the  failure  of  the  sluicing  operations,  it  was 
contended  that  the  first  thing  to  be  regarded  was  the  work  to  he  done, 
and  then  the  means  provided  for  doing  it.  The  primary  object  was  to  set 
in  motion  the  body  of  water  contained  in  the  Low  Water  Basin.  This  was 
1,750  feet  in  length,  and  varied  from  300  feet  to  400  feet  in  width;  and 
the  depth  when  the  sluicing  was  commenced  was  19  feet  4  inches.  The 
weight  of  the  water  to  be  set  in  motion,  or  simply  to  be  started,  was 
338,275  tons  ;  and  for  this  purpose  twenty  sluices  were  provided,  having 
a  combined  area  of  826  square  feet,  with  a  head  of  water  against  them 
at  the  first  sluicing  trial  of  14  feet  3  inches,  producing  a  total  pressure  of 
336  tons,  or  less  than  the  one-thousandth  part  of  the  load.  This  was  a 
greater  disproportion  than  was  found  to  exist  in  other  instances  where  a 
load  hud  to  be  moved  with  a  comparatively  small  power.  Some  interme- 
diate gearing  was  wanted  betw.'en  the  power  and  the  weight ;  but  in  the 
work  as  carried  out  this  had  not  been  supplied.  The  336  tons  of  power 
seemed  to  have  been  employed  against  the  338,275  tons  of  load  at  a  velo- 
city of  about  17  knots  per  hour ;  that  had  simply  had  the  effect  of  disturb- 
ing portions  of  the  water,  and  throwing  the  water  into  a  state  of  great 
conlusion.  Gradually  the  water  appeared  to  have  attained  a  more  uniform 
motion,  but  at  the  end  it  resembled  a  series  of  eddies  and  strong  currents 
rather  than  a  stream. 

With  regard  to  the  question  of  sluicing  in  water  of  considerable  depth, 
it  was  observed  that  Mr.  Rendel  had  evidently  contemplated  the  removal 
of  the  deposit,  not  by  the  direct  sluicing  and  violent  action  of  the  water 
rushing  out  of  the  Great  Float,  but  by  setting  in  motion,  gradually  and 
at  a  much  lower  velocity,  the  large  body  of  water  which  had  been 
previously  collected,  or  which  remained,  in  the  Low  Water  Basin.  The 
silt  in  the  Mersey  was  of  a  very  binding  quality,  and  when  it  had  once 
aggregated  it  was  difficult  to  move  it,  except  by  great  violence.  There 
were  sand-banks  in  the  Mersey  which  resisted  a  velocity  of  from  8  feet  to 
12  feet  per  second ;  and  therefore  it  was  that  Mr.  Rendel  had  proposed 
very  frequent  sluicing,  so  as  to  prevent  any  serious  amount  of  deposit  and 
of  aggregation  taking  place.  Upon  the  general  question  of  sluicing,  it  was 
remarked  that  if  it  were  intended  to  effect  scour  by  setting  a  large  quantity 
of  deep  water,  or  at  least  a  substratum  of  water,  in  rapid  motion,  it 
would  be  utterly  impossible.  No  doubt,  in  the  immediate  proximity  of 
the  aperture  of  emission,  the  water  would  issue  and  would  flow  for 
some  distance  with  a  velocity  due  to  the  head  of  water  with  which  it 
was  propelled — in  the  case  under  consideration  from  the  interior  of  the 
Great  Float.  But  there  were  causes  which  presented  that  action  con- 
tinuing to  any  considerable  distance.  In  the  first  place  there  wa3  the 
enormous  friction  between  the  moving  water  and  the  immovable  bottom 
over  which  it  flowed.  Besides  that,  a  volume  of  water  moving  with  a 
high  velocity  through  a  body  of  water  in  a  nearly  quiescent  state 
encountered  a  large  resistance.  When  the  endeavour  was  made  to 
sluice  the  bottom  of   the   Great   Float    at   the   Birkenhead  Docks,  the 
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water  rose  up,  spread  out  until  it  assumed  almost  an  umbrella  shape, 
and  moved  the  deposit  away  for  a  short  distance ;  then,  as  the  water 
lost  its  velocity,  the  deposit  again  collected  in  banks,  and  the  sand  accu- 
mulated aud  aggregated,  while  a  succession  of  waves  was  produced  in  the 
Basin.  It  was  admitted  that,  under  ordinary  circumstance?,  it  was 
possible  to  effect  sluicing  provided  a  sufficient  quantity  of  water  was 
obtained  to  give  that  general  velocity,  not  bottom  velocity  merely, 
necessary  to  move  the  particular  material  to  be  dealt  with  ;  but  it  was 
impossible  to  establish  a  bottom  velocity  of  great  amount  for  any  consi- 
derable distance.  The  opposite  was  indeed  the  case, — that  the  velocity  of 
the  water  at  the  bottom  was  always  less  than  the  velocity  at  the  top, 
except  in  the  immediate  neighbourhood  of  the  sluicing  operations. 


APPARATUS  FOE  WEDGING  FACING-POINTS. 

After  the  meeting  Mr.  Harrison  (V.P.  Inst.  C.E.)  explained  a  irodel  and 
two  drawings,  illustrating  plans  which  had  been  successfully  tried  on  the 
North  Eastern  Railway,  with  a  view  to  provide  the  means  of  preventing 
accidents  at  facing-points.  These  accidents  had  arisen  from  various  causes. 
In  some  well-established  cases,  a  blow  from  a  wagon  or  carriage  on  the 
beel  of  the  switch  rail,  had  sprang  the  point  sufficiently  to  throw  a  carriage 
off  the  line.  A  piece  of  coke  or  stone  getting  behind  the  points,  which 
would  stop  them  from  entirely  closing,  might  not  prevent  the  lever  worked 
by  the  signalman  from  apparantly  coming  home,  without  any  defect  being 
detected,  owing  to  a  certain  amount  of  elasticity  in  the  lever.  Signalmen 
were  frequently  in  the  habit  of  putting  up  the  danger  signal  before  a  train 
had  quite  passed,  and,  with  the  jerk,  sometimes  disturbing  the  facing- 
points.  When  the  Queen's  train  passed  over  the  North  Eastern  Railway, 
it  was  the  invariable  practice  to  wedge  up  all  the  facing-points  on  the 
line ;  and  it  was  believed  a  similar  plan  was  adopted  on  the  Brighton  and 
South  Eastern  Railways  before  express  trains  passed.  This  had  led  him  to 
the  adoption  of  the  present  plan.  The  first  idea  was  to  employ  a  separate 
lever  to  work  the  wedges,  distinct  from  the  points.  This  had  been  in  use 
at  the  Pensher  Junction  for  some  months.  It  was  afterwards  thought 
that  the  turning  of  the  points  and  the  wedging  might  be  done  by  one 
motion  of  the  lever.  This  was  accomplished  by  giving  a  double  action  to 
the  wedges;  but  the  segment  movement,  as  shown  by  the  model,  was  in 
practice  the  best,  and  had  been  in  use  for  some  time  at  Gateshead,  on  the 
Team  Valley  Line.  Experiments  had  been  made  by  putting  an  obstacle 
between  the  points  aud  the  rail ;  but  in  this  case  the  wedges  could  not  be 
forced  home,  the  danger  signal  could  not  be  lowered,  and  intimation  wag  at 
once  given  that  something  was  wrong.  The  slide  motion  for  moving  tlu 
points  was  worthy  attention,  independent  of  the  wedges,  as  no  slight  or 
even  considerable  motion  of  the  lever  could  move  the  points,  and  practically 
this  motion  in  itself  wedged  them  up.  The  cost  was  rather  under 
£1  5  per  junction,  and  the  same  handle  was  used  which  before  worked  the 
points. 

In  earring  out  these  arrangements,  Mr.  Harrison  stated  that  he  had  been 
assisted  in  all  the  practical  details  by  Mr.  Simpkin,  who  had  the  charge  of 
this  department  on  the  North  Eastern  Railway;  aud  he  was  so  satisfied 
with  the  additional  safety  to  be  obtained  by  this  plan,  that  it  was  to  be  at 
once  adopted  at  all  facing  points  on  the  main  line  of  the  North  Eastern 
.system,  and  in  some  cases  facing-points  would  be  introduced,  where  hereto- 
fore all  trains  bad  been  back-shunted  to  avoid  them.  In  all  cases 
this  arrangement  was  used  in  conjunction  with  a  locking  apparatus  for 
the  signals,  &c. 


SWITCHES  FOR  RAILWAY  JUNCTIONS. 

Mr.  R.  Price  Williams  (M.  Inst.  C.E.)  also  exhibited  and  explained  a 
new  arrangement  of  switches  for  railway  junction-;.    The  main  object  <i 

twitches  was  to  do  away  with  facing-points  and  their  attendan'  i  vi!-, 
and  to  enable  a  train  when  passing  through   a  junction  to  pass  over  a  con- 
tinuous and  fished  main  line,  or  a  continuous  and  fished  line  leadin 
branch,   according  as   circnmstances     may   require.      The  switches   were 
formed  of  lengi  hsof  rail,  of  the  same  section  as  the  rails  used  at  other  parts 

of  the  road,  withfishe   at  loth  extremities,  at  one  end  the  bed- plate  admit- 
ting a  slight  play,  while  at,  the  Other  they  were  capahlo  of  being 
laterally,  on  the  removal  of  the  Bab-plates.     Each  length,  of  what  migbl 

1  >■   termed  the  main  line  suit  eh  rail,  was  firmly  attached  to  the  eon  ■ 

ing  length  of  branch  line  switch  rail,  so  that  tie-  two  nratns 
each  other,  thus  giving  the  necessary  lateral  stability.    At  the  end 
switch  rails,  capable  of  being  moved  laterally,  sliding  double  ii-hes  were 

employed.      These  moved  on  the  fixed  rails,  and  were   BO   formed  that  when 

moved  forward  they  held  tbe  switch  rails  firmly  between  their  J 

thus  ensured  'hat  the  switch  and  the   filed  rails  were  maintained  fairly  in 

line  with  each  other. 


INSTITUTION  OF  MECHANICAL  ENGINEERS. 

THE   LE   CHATELIER   BRAKE. 
By  Mr.  Wiixiam  C.   Siemexs,  London. 

In  ordinary  locomotive  engines,  when  the  valve  gear  is  reversed  while 
running  forwards,  for  obtaining,  in  an  emergency,  the  retarding  effect  of 
the  full  boiler  pressure  opposing  the  motion  of  the  pistons,  the  reversed 
working  cannot  be  continued  longer  than  a  few  minutes  without  serious 
injury,  owing  to  the  heating  of  the  cylinders  and  the  cutting  of  the  rubbing 
surfaces  from  want  of  lubrication  ;  the  cylinders  act  as  pumps  in  the  reversed 
working,  drawing  in  the  heated  gases  from  the  smoke-box  and  forcing 
tbem  into  the  boiler.  The  object  of  tbe  present  plan  is  to  enable  locomo- 
tives, in  taking  train9  down  inclines,  to  be  worked  continuously  for  any 
length  of  time  with  tbe  valve  gear  reversed,  so  as  to  obtain  the  advantage 
of  the  counter-pressure  steam  as  a  retarding  power,  instead  of  the  train 
brakes,  without  involving  the  objections  hitherto  preventing  the  the  use  of 
continuous  reversed  working.  In  the  regular  working  of  locomotives,  not 
reversed,  the  piston  in  its  forward  stroke  is  propelled  by  the  full  pressure 
of  steam  from  the  boiler,  until  the  steam  is  cut  off  by  the  slide  valve, 
after  which  the  propelling  power  is  continued  through  the  remainder 
of  the  stroke  by  the  steam  expanding  in  the  cylinder.  But  in  the 
reversed  working  the  distribution  of  steam  is  effected  by  the  slide 
valve  in  the  inverse  order  and  on  the  opposite  side  of  the  piston,  while 
the  motion  of  the  piston  and  driving  wheels  still  continues  in  the 
same  direction  as  previously  ;  in  the  first  portion  of  the  stroke,  there- 
fore, the  cylinder  is  open  to  the  exhaust  on  the  front  side  of  the  piston, 
but  in  the  latter  portion  the  steam,  at  full  boiler  pressure,  is  admitted,  and 
opposes  the  forward  motion  of  the  piston.  In  the  return  stroke  the  front 
of  the  piston,  in  ordinary  working,  is  in  communication  with  the  exhaust 
until  nearly  the  end  of  the  stroke ;  but  in  the  reversed  working  it  is  to  the 
hack  of  the  piston  that  the  exhaust  is  open,  and  tbe  piston  accordingly 
draws  in  the  heated  gases  from  the  smoke-box  at  atmospheric  pressure, 
and  in  the  next  forward  stroke  the  contents  of  the  cylinder  are  compressed 
as  soon  as  the  exhaust  port  closes,  and  forced  by  the  piston  into  the  boiler 
against  the  full  pressure  of  steam.  The  latter  portion  of  each  stroke 
of  the  piston  is  thus  made  againBt  the  full  boiler  pressure,  which  resists 
the  motion  of  the  piston,  and  consequently  acts  as  a  powerful  retarding 
force  to  check  the  rotation  of  the  wheels  in  the  diroction  of  running. 

Tbe  simple  and  efficient  plan  designed  and  carried  out  by  M.  Le  Ch  atelier 
for  counter-pressure  working  consists  in  introducing  a  small  jet  of  hot  water 
from  the  boiler  into  the  base  of  the  blast-pipe  of  the  exhaust  port  of  the 
cylinder;  this  jet  being  discharged  at  boiler  pressure  into  the  atmospheric 
pressure  of  tbe  exhaust  passages,  the  greater  portion  of  the  water  instantly 
Hashes  into  steam  at  atmospheric  pressure,  and  instead  of  the  boated  gases 
from  the  smoke-box,  a  moist  vapour  or  fog  is  now  drawn  into  the  cylinder 
behind  the  piston.  The  rubbing  surfaces  are  thus  maintained  constantly 
lubricated  by  the  present  of  saturated  steam,  and  all  heating  or  cutting  is 
entirely  prevented.  The  jet  of  water  is  regulated  sous  to  be  always  slightly 
in  excess  of  the  precise  quantity  required,  the  object  being  to  prevent  the 
possibility  of  drawing  in  any  of  the  heated  erases  from  the  smoke-box;  and 
the  constant  escape  of  a  slight  cloud  of  steam  from  the  chimney  affords  an 
indication  to  the  driver  of  the  sufficiency  of  the  jet.  Mixed  jets  of  hot 
water  and  steam  in  various  proportions  have  also  been  employed  in  parti- 
cular coses  of  working.  The  use  of  the  countcr-prc-Mire  working  hat  the 
important  advantage  of  rendering  the  great  Weight  of  the  engine  available 
as  brake  power  j  ami  as  the  amount  of  retarding  power  obtained  from 
the  counter-pressure  steam  against  the  pistons  when  running  reversed  Is 
less  than  the  propelling  power  of  the  steam  in  ordinary  working,  the  engine 

wheels  are  not  Skidded  upon  the  rails  ;  but  a  steady  retarding  force  is  con- 

tjnnonsly  applied  to  them  within  the  limit  of  their  adhesion.     The  wear 

of  nils  :i ml  tyres  that    i-  OaUSCd  bj    the    Motion  Of  the  train    wheels  when 

skidded  by  the  ordinary  brakes,  and  the  oonaeqoenl  Injury  to  the  whi 
by  wearinj    Hal  phv  et  in  their  drcumferenoe,  an'  avoided   to  the  extent 
that  the  counter-pn  ssnre  ib  im  Is  used  a-  a  brake  on  tie'  engine :  and  the 
practical  working  of  the  counter-pressure  plan  baa  bt  en  i  nnd  - 1  satisfactory 

that  its  use  has  even  been  carried  SO   far  in  man;.  the 

employment  of  the  train  brakes,  notonrj  in   di  nclinesbul 

in  stopping  and  shunting  at  stations.     In  shunting,  tbe  iti  iris 

Qtly   open,  and   ll tioll  of  th--  •  lied  rutin  Iv   I'V 

the  reversing  handle.     The  employment  of  tbe  oounter-piessuie  won 
ins  qow  ;  rely  adopted  in  France,  Spain,  and  other  countries, 

m\  ss  fourteen  hundred  f,  lerly  worked  on  this 

plan  on  the  Paris  and  Lyons  Bailwaj  alone,  both  In  descending   in. 
and  in  stopping  and  shunting  at  stations ;  and  In  all  a  ptlon  has 

attended  with  complete  success. 
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WELL-SINKING    MACHINERY. 
By  Mr.  William  Mathee,  Manchester. 

In  the  operation  of  excavating  boreholes  for  wells  and  other  purposes, 
the  principle  adopted  and  carried  out  by  the  writer  for  all  depths  of  boring 
has  been  the  use  of  a  rope  for  working  the  boring  tool  in  the  hole ;  and 
this  principle  obviates  the  serious  expense  and  delay  attending  the  plan  of 
using  rods  for  working  the  tool,  when  great  depths  of  boring  have  to  be 
executed.  In  the  plan  described  in  the  paper  the  boring  tool  is  worked  by 
a  flat  hemp  rope,  which  is  wound  round  the  drum  of  a  winding  engine,  and 
on  quitting  the  drum  passes  over  a  hirge  pulley  carried  in  a  fork  at  the  top 
of  the  piston  rod  of  a  vertical  single-acting  steam  cylinder.  The  boring 
tool  having  been  lowered  by  the  winding  drum  to  the  bottom  of  the  bore- 
hole, the  rope  is  clamped  secure  at  that  length:  steam  is  then  admitted 
underneath  the  piston  of  the  vertical  cylinder,  and  the  tool  is  lifted  by  the 
ascent  of  the  piston  rod  and  pulley  ;  and  on  arriving  at  the  top  of  the  stroke 
the  exhaust  valve  is  opened  for  the  steam  to  escape,  allowing  the  piston 
rod  and  carrying  pulley  to  fall  freely  with  the  boring  tool,  which  falls  with 
its  full  weight  to  the  bottom  of  the  borehole.  A  cushion  of  steam  pre- 
vents the  piston  from  striking  the  bottom  of  the  cylinder,  and  the  steam 
and  exhaust  valves  are  worked  by  tappets  on  a  plug  rod;  a  rapid  succession 
of  blows  is  thus  given  by  the  boring  tool  on  the  bottom  of  the  borehole. 
The  boring  tool  is  composed  of  a  number  of  chisels  or  cutters,  fixed  in  the 
cast-iron  head  at  the  bottom  of  the  long  wrought-iron  boring  bar,  which 
is  guided  vertically  in  the  borehole  by  a  couple  of  collars ;  and  it  is  made 
to  rotate  a  little  between  each  blow,  so  as  to  strike  in  a  fresh  place  each 
time,  by  means  of  a  simple  self-acting  arrangment.  The  lifting  shackle  at 
the  top  of  the  boring  bar  is  allowed  to  slide  up  and  down  through  a  short 
distance  on  the  neck  of  the  boring  bar  between  two  fixed  collars ;  the 
upper  face  of  the  lower  collar  is  formed  with  ratchet-teeth,  and  the  under 
face  of  the  top  collar  is  formed  with  similar  ratchet-teeth,  but  set  half  a  turn 
in  advance  of  the  teeth  on  the  lower  collar.  The  intervening  boss  of  the 
lifting  shackle  is  also  formed  with  corresponding  ratchet-teeth  on  both  its 
upper  and  lower  faces,  these  teeth  being  in  a  line  with  one  another.  When 
the  boring  tool  falls  and  strikes  the  blow,  the  lifting  shackle,  which  during 
the  lifting  has  been  engaged  with  the  ratchet-teeth  of  the  top  collar,  falls 
upon  those  of  the  bottom  collar,  and  thereby  receives  a  twist  backwards 
through  the  space  of  half  a  tooth;  and  on  commencing  to  lift  again,  the 
shackle  rising  up  against  the  ratchet-teeth  of  the  top  collar  receives  a 
further  twist  backwards  through  half  a  tooth.  The  flat  rope  is  thus  twisted 
backwards  to  the  extent  of  one  tooth  of  the  ratchet,  and  during  the  lifting 
of  the  tool  it  untwists  itself  again,  thereby  rotating  the  boring  tool  for- 
wards through  that  extent  of  twist  between  each  successive  blow  of  the 
tool ;  and  this  turning  is  found  to  be  quite  certain  and  continuous  in  action 
during  the  working  of  the  tool.  When  a  sufficient  quanity  of  material  has 
been  broken  up  at  the  bottom  of  the  borehole  by  the  blows  of  the  tool, 
the  workiug  of  the  percussion  cylinder  and  pulley  is  stopped,  the  rope 
undamped,  and  the  boring  tool  wound  up  with  great  rapidity  by  the  wind- 
ing drum.  A  shell  pump  is  then  lowered  down  the  borehole  by  the  rope 
consisting  of  a  long  cylindrical  shell  or  barrel,  with  a  clack  valve  at  the 
bottom  opening  inwards,  and  a  bucket  containing  flap  valves  opening  up- 
wards. The  rope  is  attached  to  the  bucket,  and  when  the  pump  reaches 
the  bottom  the  bucket  is  worked  up  and  down  by  the  rope  several  times, 
so  as  to  draw  in  the  broken  material  through  the  bottom  clack ;  after  which 
the  pump  is  drawn  up  again  with  the  material  contained  in  it,  and  the 
boring  tool  again  lowered  into  the  hole  for  continuing  the  boring.  In  the 
event  of  accidents  from  breakages  or  from  any  of  the  implements  sticking 
fast  in  the  borehole  in  rising,  grappling  tools,  with  hooked  claws  of  suit- 
able shape,  are  employed  for  laying  hold  of  the  obstacle  and  raising  it ;  or 
if  it  cannot  be  brought  up  by  this  means,  a  solid  wrought-iron  breaking 
bar  of  very  great  weight  is  lowered  into  the  hole,  and  allowed  to  fall  upon 
the  obstacle  from  a  sufficient  height  to  break  it  up  into  fragments  which 
are  then  raised  either  by  grappling  tools  or  by  the  shell  pump. 

Numerous  boreholes  have  been  executed  by  this  plan  of  boring,  both  in 
this  country  and  abroad,  for  the  purpose  of  obtaining  water,  and  also  as 
trial  boreholes  for  ascertaining  the  nature  of  the  strata  in  searching  for 
coal  or  other  minerals,  the  depth  of  the  borings  extending  to  as  much  as 
1,300ft.  The  tubing  employed,  where  the  borehole  is  required  to  he  lined, 
is  of  cast-iron,  and  is  fitted  together  with  turned  joints,  made  with  a 
wrought-iron  covering  ring,  which  is  let  into  the  thickness  of  the  cast- 
iron  and  secured  by  countersunk  screws,  so  as  to  make  the  joints  perfectly 
flush  both  outside  and  inside.  The  tubes  are  forced  down  the  borehole, 
either  by  screw-jacks  or  by  hydraulic  presses,  without  interfering  with  the 
operation  of  boring,  which  is  carried  on  simultaneously  within  the  tube. 
For  raising  a  water  supply  by  pumping  from  a  borehole,  the  arrangement 
employed  consists  in  suspending  a  pump  barrel  by  pipes  of  the  same 
diameter  from  the  top  of  the  borehole,  with  two  pump  buckets  working  in 
the  barrel,  one  above  the  other;  the  rod  of  the  top  bucket  is  hollow,  and  is 
suspended  from  the  horizontal  arm  of  a  bell-crank  lever  at  the  surface,  and 
the  rod  of  the  bottom  bucket  passing  up  through  the  hollow  rod  of  the 


top  bucket  is  suspended  from  the  horizontal  arm  of  a  second  reversed  bell- 
crank  lever  facing  the  first  lever.  The  two  levers  being  coupled  by  their 
vertical  arms  and  worked  by  an  engine,  the  two  buckets  move  always  in 
opposite  directions ;  the  top  bucket  in  rising  lifts  the  water  above  it  while 
the  bottom  bucket  is  descending,  and  in  the  return  stroke  the  bottom  bucket 
ascending  delivers  the  water  through  the  top  descending  bucket.  Although 
a  continuous  delivery  of  water  is  thus  obtained  of  equal  amount  in  each 
stroke,  a  serious  shock  is  occasioned  at  the  beginning  of  the  stroke,  in  con- 
sesquence  of  both  buckets  stopping  and  starting  simultaneously,  causing 
the  whole  column  of  water  to  be  stopped  and  put  into  motion  again  at 
each  stroke ;  and,  as  an  air-vessel  for  keeping  up  the  motion  of  the  water  is 
inapplicable,  a  modification  of  the  two  bell-crank  levers  has  been  arranged, 
which  completely  answers  the  purpose.  The  two  levers  are  centered  one 
above  the  other,  the  upper  one  being  inverted;  and  the  vertical  arms  are 
slotted,  and  are  both  driven  by  the  same  crank -pin  working  in  the  slots ; 
in  the  revolution  of  the  crank  the  dead  point  of  one  of  the  levers  is  thus 
passed  before  that  of  the  other  is  reached,  so  that  the  first  bucket  is  started 
into  motion  again  at  the  end  of  its  stroke  before  the  second  comes  to  rest. 
By  this  means  the  water  is  maintained  continuously  in  motion  with  entire 
freedom  from  concussion. 


SOCIETY  OP  ARTS. 

The  116th  session  of  the  society  commenced  on  Wednesday  evening,  at 
the  rooms,  John-street,  Adelphi,  when  Lord  Henry  G.  Lennox,  M.P.,  chair- 
man of  the  council,  delivered  the  opening  address. 

His  Lordship,  having  expressed  the  great  diffidence  which  he  felt  in 
again  appearing  as  the  chairman  of  the  council,  said  that  he  would  endea- 
vour to  shadow  forth  such  a  programme  on  questions  of  national  interest, 
and  affecting  the  commercial,  industrial,  and  social  welfare  of  the  commu- 
nity at  large,  as  should  induce  the  members  to  feel  an  increased  interest  iu 
a  society  which  had  for  116  years  been  endeavouring  to  promote  the  pro- 
gress and  improvement  of  arts,  manufactures,  and  commerce.  He  noted 
with  regret  the  deaths,  since  the  society's  last  meeting,  of  three  very  dis- 
tinguished members — namely,  Dr.  Roget,  Professor  Graham  (Master  of  the 
Mint),  and  Sir  Wentworth  Dilke— and  then  passed  on  to  notice  the  labours 
of  the  Food  Committee,  which  had  collected  a  mass  of  information  on 
articles  of  food.  The  supply  of  meat,  fish,  poultry,  milk,  and  grain, 
together  with  the  distribution  of  them,  whether  by  markets  or  otherwise, 
had  occupied  the  attention  of  the  committee.  This  information  had  been 
widely  circulated,  and  had  drawn'  attention  to  the  solution  of  several 
problems.  At  the  present  time,  he  continued,  the  great  problem  for  which 
solution  is  wanted  is  some  means  by  which  meat  can  be  brought  to  this 
country,  where  it  is  dear,  from  our  colonies  and  other  countries,  where  it  is 
abundant  and  cheap,  in  a  raw  state,  unsalted  and  uncured.  The  committee 
had  had  before  them  many  processes  for  arresting  decay  and  decomposi- 
tion ;  but  hitherto  the  results  have  not  been  such  as  to  warrant  them  in 
pronouncing  any  one  as  successful,  although,  in  some  instances,  a  sufficient 
amount  of  promise  had  appeared  to  justify  the  parties  in  further  prosecu- 
ting their  labours.  Up  to  this  point  his  lordship  believed  that  the  plan 
which  appeared  to  hold  out  best  prospect  of  success  was  that  which  pre- 
sented the  least  novelty  of  conception,  namely,  the  preservation  of  meat 
by  means  of  ice ;  but  it  was  evident  that,  unless  ice  could  be  produced 
much  cheaper  than  at  present,  no  appreciable  results  could  be  expected 
from  this  system ;  and,  therefore,  he  was  obliged  to  repeat  what  he  said 
last  year,  that  as  yet  an  increased  supply  of  meat  to  the  people  of  this 
country  appeared  to  depend  upon  the  success  which  might  attend  the 
labours  of  our  scientific  chemists  in  producing  artificial  ice  at  an  economical 
rate.  To  show  the  value  of  the  Food  Committee,  his  lordship  said  that 
Earl  Granville  had  forwarded  to  them  several  packages  of  meat  which  had 
been  received  from  the  colonies,  in  order  that  the  quality  might  be  tested 
as  food  for  the  army  and  navy.  The  society  had  had  under  its  considera- 
tion the  best  means  for  bringing  about  an  improvement  in  the  condition  of 
British  India,  by  developing  the  vast  agricultural  resources  of  that  empire. 
The  committee  appointed  last  session  to  inquire  into  the  whole  subject  of 
the  hidden  wealth  of  India  had  proved  a  great  success.  Papers  had  been 
read  on  the  following  subjects : — On  the  cultivation  of  tea,  of'  silk,  and  of 
cotton ;  on  Indian  fibres ;  on  waste  lands ;  on  hill  settlements  and  sana- 
toria ;  and  generally  upon  the  state  of  trade  with  Central  Asia  and  Thibet. 
Conferences  had  been  held,  and  one  result  had  been  that  the  Duke  of 
Argyle  had  promised  to  write  to  Lord  Mayo  in.  favour  of  extending  the 
system  of  assisted  exhibitions  of  agricultural  produce  in  India.  A  dis- 
cussion on  tea  culture  had  elicited  some  very  interesting  facts,  one  of  the 
most  important  being  that  the  quality  of  the  tea  grown  in  India  is  fully 
equal  to  that  produced  in  China,  A  large  quantity  of  land  is  still  at  the 
disposal  of  the  Government  suitable  for  tea  cultivation.  It  was  sad  to 
read  tho  figures  as  to  the  yearly  growth  and  exportation  of  tea  from  the 
two  empires,  India  and  China.  Taking  our  own  consumption  as  tho 
standard  for  Russia,  America,  and  China,  it  would  appear  that  in  China 
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alone  there  i3  an  annual  production  of  80  or  100  millions  of  pounds,  and 
only  seven  millions  of  pounds  in  India,  and  this  after  nearly  a  quarter  of  a 
century  of  cultivation.  The  society  had  offered  a  silver  medal  lor  the  best 
treatise  on  the  profitable  production  of  tea.  The  culture  of  silk,  rice, 
cotton,  and  other  agricultural  produce  of  India  had  received  every  atten- 
tion. The  conservation  of  forests  in  India,  as  opposed  to  the  indiscrimi- 
nate destruction  of  timber,  will  engage  the  attention  of  the  society.  The 
latter  not  only  diminished  the  rainlall  and  promoted  drought,  but,  by 
depriving  the  inhabitants  of  wood  fuel,  it  led  to  the  burning  of  animal 
manure  for  that  purpose ;  thus  the  crops  were  deprived  of  a  fertilising 
material,  and  evils  flowed  from  the  abuse  of  natural  resources.  It  ws 
this  waste  of  manure  that  some  attributed  the  inferior  crops  of  cotton  in 
many  parts  of  India,  where  the  yield  was  only  701bs.  per  acre,  as  compared 
with  4O01b3.  in  the  United  States.  The  subject  of  trade  with  Central 
Asia  would  be  again  taken  into  consideration  this  session ;  and  had  it  not 
been  for  the  fog,  Xiaz  Mahomed,  a  native  of  Yarkand,  would  have  been 
present.  His  lordship  next  referred  to  the  contemplated  appointment  of  a 
mechanical  committee,  to  be  composed  of  professional  men  and  amateurs 
interested  in  the  various  mechanical  questions  of  the  day,  and  by  whom 
subjects  relating  to  progress  in  mechanical  invention  would  be  discussed. 
The  patent  laws  would  continue  to  receive  the  anxious  attention  of  the 
council,  and  a  paper  by  Sir  Joseph  Whitworth  would  be  read.  He  thought 
that  our  present  patent  laws  very  often  acted  unfairly,  and  in  many 
instances  operated  as  a  serious  impediment  to  trade.  The  society  still 
directed  its  attention  to  art  workmanship  prizes  and  the  system  of  exami- 
nations in  connection  with  its  union  of  institutions.  The  most  distin- 
guished candidate  of  the  year  was  Mr.  W.  J.  Wilson,  of  the  classes  held  at 
the  Polytechnic  Institution,  and  to  him  a  prize  (first  given  by  the  Prince 
Consort)  of  25  guineas  was  to  be  awarded. 


PATENT  LA'SY. 
The  Botill  Litigation. 
(Continued  from  page  243.) 

Mr.  Bovill  promptly  followed  up  his  success  against  Mr.  Crate  and  the 
Manchester  Association,  by  commencing  suits  against  the  different  mem 
bers  of  that  association,  and  by  bringing  on  for  hearing  in  the  Rolls  Court 
the  case  of  Bovill  v.  Cowan,  the  Chairman  of  tho  Loudon  Association  of 
Millers.  In  the  latter  suit  Lord  Bomilly  delivered  the  following  judg- 
ment, on  the  30th  Jnly,  18G7  :— 

Lord  Romilly  :  I  have  read  these  papers,  and  I  am  of  opinion  that  the 
only  question  there  was  for  me  to  consider  in  the  case  was,  whether  there 
had  been  an  infringement  of  the  patent ;  I  am  of  opinion  that  it  is  exactly 
the  patent  of  the  plaintiff;  whether  the  plaintiff's  patent  is  new  or  not  is 
a  matter  which  I  have  sent  fur  trial  in  another  case,  but  this  is,  in  my 
opinion,  so  far  as  the  exhaust  is  concerned,  precisely  and  exactly  the  patent 
of  the  plaintiff.  It  is  also,  in  my  opinion,  to  be  observed,  this,  like  many 
other  of  the  cases  that  have  come  before  me,  is  a  case  in  which  the  mill  has 
been  built  with  the  express  purposes  of  trying  to  get  the  invention  of  the 
plaintiff,  with  as  much  departure  from  his  plan  as  is  consistent  with  obtain- 
ing the  advantages  which  his  suggests.  Now,  with  respect  to  the  exhaust, 
it  appears  to  me  this  is  precisely  what  the  patent  of  the  plaintiff  is.  The 
patent  of  the  plaintiff  is  to  exhaust  the  plenum  to  such  an  extent,  and  no 
more,  as  will  take  away  all  the  hot  air  from  the  mill  stone  case  with  the 
stive  without  touching  the  meal,  for  the  purpose  of  utilising  that  stive. 
Now  that,  in  my  (pinion,  as  far  ns  I  have  gone,  was  never  done  before,  I 
am  quite  clear  that  Cabaues'  patent  docs  not  do  it  according  to  the  descrip- 
tion here  given.  It  is  a  perfectly  distinct,  thing,  and  that  is  literally  and 
:.\  what  the  defendant  doei  upon  Che  present  occasion.  Then,  he 
says,  if  that  be  so,  1  foot,  in  the  greater  part  of  his  argument, 

though  he  admitted  that  tlm  only  thing  I   had  to  determine  »;n,  whether 
there  had  been  an  infringement  ox  that  the  qneetion  of  noveltj 

was  i. nlv  before  me,  io  tar  as  it  touched  upon  i  he  question  ni  infrii 
vet  he  contends  tins,  that  in  poinl  of  fad   tl  lomianol  the  stive 

ro'nn  of  the  plaintiff,  fox  thai   he  d  >es  no)  utilise  the  stive  by  o 
straining  the  air  through  a  porous  fabric.     Now  that  is  true,  but  I  am  of 
opinion  it  is  settled  by  the  eases  befo  'I  iii  the  Common  Law 

Courts,  which  I  followed,  particularly  the  Judgment  In  BoriU  v.  Keyworth, 
that  the  patent  of  the  plaintiff  is  s  patent  tor  a  combination,  II 
merely  that  he  exhansti  the  plenum,  b  aeveryjnstlj  says,  that 

was  exhausted  before,  but  it   was  never  <  rticular  man- 

ner, that  is  say,  so  regulated  as  merely  to  draw  off  exactly  the  stire,  and 
mil  to  disturb  the  meal,  combined  with  and  itilisiog 

that  stive  afterwards.    Now  that  was  never  d  ,  and  that  he  does, 

and  this  exhaust  is  precisi  ly  that. 

Then,  as   I  stated,   in   Bovill   '■.  b  it  is  del  bat  the 

patent  of  the  plaintiff  ia  a  patent  for  a  combination.     It,  Is  a 


combination  that  I  have  exactly  at    this  moment  described.     Well,  the 
defendant's  is  exactly  that  by  his  combination  he  exhausts  the  air  for  the 
purpose  of  utilising  the  stive,  but  in  order  to  avoid,  it'  possible,  incurr 
the  liability  which  would  flow  from  violating  or  infrii  plaintiff's 

patent,  he  utilises  the  stive  without  any  porous  fabric,  bul  I  \  means  of 
long  tubes  and  chambers  in  which  the  stive  is  deposited,  or  principally 
deposited,  before  it  leaches  the  external  air.  That  is  unquestionably  not 
the  stive  chamber  of  the  plaintiff,  but  it  is  in  combination  with  the  exhaust 
exactly  for  the  same  purpose,  and  not  use  that  becau  rious 

that,  if  he  took  the  whole  of  the  plaintiff's  patent  precisely  and  i\  ictlj 
it  was,  he  could  not  have  any  species  of  locus  standi  in  court  for  the  pur- 
pose of  defending  it,  and  therefore  obtaining  all  the  essential  pans  of  the 
plaintiff's  patent,  he  makes  an  inferior  stive  chamber  iu  order  if  possible 
to  avoid  the  consequences  of  that.  1  do  not  think  it  neces-ary  to  go  into 
all  the  details  of  the  evidence  on  the  subject,  having  gone  into  the  matter 
so  frequently  before,  and,  having  had  the  question  s)  recently  before  me,  I 
am  of  opinion  that  the  plaintiff's  patent  is  iu'ringed  by  the  defendants, 
and  I  am  of  opinion  he  is  entitled  to  an  injunction,  and  I  will  not  grant 
any  issue  at  all  on  the  subject.  If  in  the  other  ca-cs  it  should  turn  out 
that  there  is  no  novelty  in  Mr.  Bovill's  patent,  then  the  defendant  will 
have  the  advantage  of  that.  If,  on  the  contrary,  it  should  be  so  esta- 
blished, then  1  am  not  going  to  add  to  the  litigation  in  this  case  by  direct- 
ing auy  fresh  issue." 

This  judgment  throws  great  light  upon  the  powers  of  that  branch  of  the 
Court  of  Chancery  to  do  justice  when  Mr.  Bovill's  patent  is  nndi  r  exami- 
nation. The  case  had  been  previously  before  the  Court  on  more  than  one 
occasion.  Mr.  Bovill  had  been  cross-examined  upon  an  affidavit  he  had 
made,  and  he  was  asked  a  question  relative  to  a  French  patent  of  M. 
Cabaues',  but  he  refused  to  answer  any  question  founded  up  in  that 
patent.  The  Master  of  the  Rolls,  however,  decided  that  he  was  bound  to 
answer  the  questions.     Some  of  his  answers  are  worth  transcribing : — 

"  I  look  at  the  drawing  of  Cabaues'  patent.  I  have  read  the  specification 
some  time  ago.  The  drawing  represents  a  fan  blowing  into  a  closed  eye 
of  a  mill-stone,  and  so  as  to  force  air  at  higher  than  atmospheric  pressure 
between  the  grinding  surfaces  of  the  stones.  It  shows  a  pipe  from  an 
exhausting  machine  introduced  to  the  mill-stone  case  so  as  to  draw  oil'  the 
air  forced  by  the  blowing  fan  through  the  grinding  surfaces  i  f  the  st 
but  it  does  not  exhaust  the  plenum.  The  drawing  certainly  does  not 
exhibit  the  operation  of  exhausting  the  plenum  of  air  which  has  been 
forced  through  the  stones.  It  fails  to  do  so.  The  description  in  the 
specification  shows  that.  The  apparatus  exhibited  in  the  drawing  would 
not,  when  working,  be  an  exhaust  of  the  plenum.  It  is  applied  so  that 
it  cannot  do  it.  It  is  applied  so  that  it  can  draw  away  the  w  irm  dusty  ">r 
forced  through  the  stones — blown  through  between  the  stones.  The  air 
has  no  other  way  of  escape.  The  drawing  does  exhibit  that  which  is 
described  in  these  words, — 'I  introduce  a  pipe  to   tin- mill  (ram 

a  fan  or  other  exhausting  machine,  so  as  to  carry  oft'  all  the  warm  dusty 
air  blown  through  between  the  stones  to  a  chamber;  '  but  it  does  not  follow 
that  the  apparatus  could  be  worked  to  do  so.  As  shown  an  t  described 
the  apparatus  could  not  do  it.  As  shown  and  described  it  could  not  suck 
away  the  plenum  of  dusty  air  forced  through  the  slums.  1  say  that  all 
the  elements  for  accomplishing  the  results  of  my  patent  of  1849  are  not 
exhibited  in  that  drawing  of  Cab.nus'  patent.  The  whole  arrangement, 
as  described  by  Cabaues'  patent  is  quite  different.  In  my  patent  the 
letter-press  describes  it  and  not  the  drawing.  Referring  to  mj  patent,  I 
in  the  first  place  do  not  exhibit  the  fans  at  all.  My  patent  of  hl'J 
describes  that  the  exhaust  of  the  plenum  only  is  to  take  place.    The 

drawing  of  Cabaues'  patent    is  i  I   SO  that   that   cannot    lie  done. 

There  are  no  appliances  or  apparatus  or  implements  described  in  my  patent 
ofl81'.».     I  have  said   thai  the  apparatus,  as  shown   in   the  *'■> 

Cabaues'    patent,    could    ii"t    suck    away    the   plenum   of  du-tv    air    ft) 

through  the  ston  that  Cabsm  -"  patent,  as  described  in  the  ••. 

lieation,  COUld   Ii"t    do  it.       Vmi  unj    put    in    forOU    all  I  It 

dei  ribes  some  Implements,  and  it  describes  the  working  but 

whether  thai  wil  or  nol  is  another  thing.     LI    d  ■ 

upon  lev.  the;  are  worl  \     bo  wn  and  described 

r.l  n  il  do  i 
,ui!y  carry  oil   all  the  warm  dusty  air  Mown  throe 
ll  mm  loners    lor  that    j 
ro   would  ii  ray  the  plenum 

Wean-  mi. ii  !■■  i  ■  t'  thought  bywl  R  imilly 

arrived  at   the  C  H  lit)  d    bj    I 

through  1 1  in  vain  mi 

n  .  Boi  ill  bimfi  If,  to  I 
would  enable  a  workman  to  practise  hii  invention.     \\ 
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nay,  that  that  apparatus  will  not  do  it.  And  we  entirely  agree  with  him  ! 
We  believe  that  no  man  ever  desired  or  attempted  to  exhaust  the  plenum 
in  the  sense  the  Court  of  Chancery  put  upon  the  expression.  Lord 
Romilly's  judgment  in  Bovill  v.  Goodier,  deals  with  the  word  "plenum  " 
as  if  it  weie  technical  for  "  mill  stone  case,"  and  his  Lordship  seemed  to 
harbour  that  opinion,  when  he  said  the  plaintiff  "very  justly  says  the 
plenum  has  been  exhausted  before."  His  idea  of  a  combination  to  support 
a  patent  it  somewhat  new.  Vice-Chancellor  Wood  doubted  whether  the 
patent  was  for  a  combination  at  a'l.  Lord  Roniilly  holds  that  it  had  been 
established  the  patent  was  for  a  combination.  The  Court  of  Queen's 
Bench  had  certainly  held  that  the  invention  lay  in  combining  the  blast 
and  the  exhaust,  so  as  to  increase  the  quantity  and  improve  the  quality  of 
the  meal,  Lord  Romilly  held  the  invention  to  consist  not  in  merely 
exhausting  the  plenum  (which  per  se  had  been  done  before),  but  in  doing  it  to 
a  particular  degree,  comhined  with  the  subsequent  utilization  of  the  stive  ; 
so  that  a  combination  is  not  necessarily  a  combination  of  apparatus  for  pro- 
ducing an  improvement  in  manufacture  of  any  sort,  but  may  be  a  combi- 
nation, or  rather  succession,  of  processes,  through  which  the  subject  of 
manufacture  masses  ;  thus,  to  use  a  washing  machine  for  linen  may  he  a 
patentable  combination  if  you  follow  it  it  up  by  applying  the  soapy  water 
to  sanitary  or  agricultural  purposes  ! 


COAL  NAPHTHA  AND  BENZOLE  COMPARED  WITH  PETROLEUM 
AND  ITS  PRODUCTS. 

By  Professor  Van  Der  Weide,  M.D. 

Benzole,  which  has  lately  been  introduced  as  a  gas  carbonizer,  was 
originally  obtained  from  the  benzoic  acid  found  in  gum  benzoles,  hence  the 
name.  Later  it  was  found  to  be  produced  in  great  abundance  by  the  dis- 
tillation of  coal  tar.  This  tar,  being  distilled,  gives  a  black  oil  called  dead 
oil,  which,  by  re-distillation,  produces  coal  naphtha.  This  coal  naphtha 
contains  about  seven  per  cent,  of  pure  benzole,  which  it  is  quite  difficult 
and  laborious  to  obtain  pure,  for  which  reason  most  so-called  benzoles  are 
only  coal  naphtha,  consisting  of  a  mixture  of  several  hydro  carbon  oils, 
having  some  solids  in  solution,  but  all  possessing  a  similar  degree  of 
volatility.  These  substances  are,  besides  the  benzole,  toluol,  cymol,  cumol, 
then  a  few  solids  in  solution,  called  naptbalin,  anthracen,  and  finally 
phenylic  and  chrysolic  alcohol.  The  latter  substances  are,  however,  per- 
haps rather  a'product  of  subsequent  treatment  than  an  educt. 

The  pure  benzole  is  a  hydro  carbon,  like  the  petroleum  products,  but  of 
different  chemical  combination,  containing,  by  weight,  12  parts  of  carbon  to 
one  of  hydrogen,  while  the  petroleum  products  contain  only  about  five 
parts  of  carbon  to  one  of  hydrogen.  Being  richest  in  carbon,  it  has  more 
power  to  increase  the  luminosity  of  gas  than  the  same  amount  of  petroleum 
naphtha;  in  fact,  common  air  passed  through  it  becomes  combustible,  and 
burns,  according  to  Gmelin,  with  a  smoky  flame. 

Notwithstanding  this  equal  volatility,  it  is  much  heavier  than  petroleum 
naphtha,  its  specific  gravity  being  0-85  for  water  =  100;  this  corresponds 
with  35°  of  Beaume's  hydrometer.  Any  petroleum  product  of  this  specific 
gravity  is  not  volatile  enough  to  make  its  vapour  combustible  at  the  common 
temperature,  and  even  at  180°  Fahr. ;  and  will  not  burn  well  in  a  lamp, 
being,  therefore,  only  used  for  a  lubi  icator.  Some  natural  petroleum  of 
Western  Virginia  and  Ohio,  of  exactly  this  specific  gravity,  give,  by  dis- 
tillation, no  naphtha  at  all,  and  only  little  kerosene,  and,  therefore,  are 
only  used  for  lubricators.  The  so-called  paraffin  oil,  obtained  at  the  lattei 
stages  of  the  distillation  of  petroleum,  when  all  the  naphtha  and  kerosene 
has  previously  been  driven  off,  is  too  greasy  and  thick  to  burn  well ;  it  is 
therefore  kept  separate,  and  sold  as  a  lubricator;  its  specific  gravity  ranges 
from  30°  to  35°  Beaume,  and  is  thus  about  equal  to  benzole. 

Common  kerosone  of  a  specific  gravity  of  0-79,  corresponding  with  48° 
Beaume,  it  is  not  even  volatile  enough  to  be  used  as  a  carbonizer,  and  will 
not  make  air  combustible  when  blown  through  it,  and  will  not  burn  with- 
out a  wick.  Benzole,  notwithstanding  its  greater  specific  gravity,  is  just  as 
combustible  as  petroleum  naphtha,  or  so-called  benzine,  and  it  cannot  be 
handled  with  as  much  safety  as  ordinary  kerosene  oil.  The  boiling  point 
of  good  kerosene  oil  is  about  240°  Fahr.,  while  it  gives  off  combustible 
vapors  at  110°  and  above,  not  below.  The  boiling  point  of  benzole  is  177°, 
while  it  gives  off  combustible  vapours  at  the  common  temperature,  like  ben- 
zine from  petroleum. 

It  may  be  set  down  as  a  rule  that  any  fluid  which  can  communicate 
illuminating  vapours  to  air  or  gas,  at  the  common  temperature,  will  give  off 
combustible  vapours,  which,  when  mixed  with  air  in  the  right  proportion, 
may  make  an  explosive  mixture.  In  this  respect  benzole  is  equal  to  the 
petroleum  naphtha,  or  benzine.  However,  as  its  boiling  point  is  some  100° 
higher  than  the  latter  substance,  it  is  less  volatile,  and  comparatively 
safer,  though  not  absolutely  safe,  nor  as  entirely  free  from  explosive  vapours 
as  good  ordinary  kerosene  oil. 

The  specific  gravity  of  benzole  vapour  is  2-77,  that  of  gasolin  =  0-39 
(air  =  POO) ;  the  latter  vapour  has  more  expansive  tension,  that  is,  will 
expand  further,  consequently  will  take  fire  from  a  greater  distance.     If 


we  take  three  open  vessels,  one  containing  kerosene,  the  second  benzole,  the 
third  gasolin,  and  approach  a  flame  to  each  of  them,  the  gasolin  will  take 
fire  at  a  short  distance,  the  benzole  will  take  fire  at  a  shorter  distance,  the 
kerosene  will  not  take  fire  at  all,  even  when  plunging  the  fire  in  it— itcannot 
burn  without  a  wick,  except  above  110°,  (benzole  will  only  refuse  to  ignite 
without  a  wick  below  40°.  gasolin  will  take  fire  without  a  wick  at  20°,  and 
even  below,  if  of  w  high  grade.)  This  is  a  simple  practical  test  of  the  corn- 
1  parative  safety  of  these  three  important  substances,  now  so  extensively 
introduced  for  illuminating  purposes. 


THE  GAS  SUPPLY  OP  THE  CITY. 
Dr.  Letheby,  the  chief  gas  examiner  appointed  by  the  Board  of  Trade, 
has  recently  presented  to  the  Court  of  Common  Council  his  quarterly  report 
on  the  quality  of  the  gas  supplied  to  the  City  of  London,  from  which  it 
appears  that  the  average  illuminating  power  of  the  City  of  London  Com- 
pany's gas  at  Jewry-street,  was  14-72  candles,  and  at  the  new  station  in 
Cannon-street  17'34  candles;  while  that  of  the  Chartered  Company  was 
14-95  candles  at  Jewry-street,  14-96  at  Leadenhall-street,  and  15  63  at 
Gray's-inn-lane  ;  that  of  the  Great  Central  Company  being  14-88  at  Jewry- 
street,  and  16-51  at,  the  new  station  at  Friendly-place,  Mile-end.  The 
apparent  increase  of  illuminating  power  at  the  new  testing  stations  is 
wholly  referable  to  the  use  of  the  new  testing  burner  prescribed  by  the 
referee,  which  gives  at  least  16  per  cent,  more  light  with  the  same  gas 
than  the  old  burner,  which  has  been  hitherto  used  for  testing  the  illu- 
minating power  of  the  gas  at  Jewry-street.  Dr.  Letheby  refers  in  his 
report  to  the  effect  of  improved  burners  on  the  apparent  increase  ot 
the  illuminating  power  of  the  gas  supplied  to  the  City  during  the  last 
18  years,  and  he  states  that  if  the  value  of  the  old  burner,  which  was  used 
from  1852  to  1863  be  called  100,  that  of  the  Steatite  burner,  which  was 
used  Irom  1863  to  1869,  is  111-1,  and  that  of  the  burner  which  is  now  in 
use  is  128-9.  So  that  almostpari  passu  with  the  progress  of  improvement 
in  the  quality  of  the  gas  by  legislation  there  has  been  a  like  improvement 
in  the  value  of  the  instrument  for  determining  it;  and  thus  in  reality  there 
has  been  but  little  ch.inge  in  the  quality  of  the  gas  supplied  to  the  City 
for  the  last  18  years,  notwithstanding  that  it  has  been  nominally  raised  by 
successive  Acts  of  Parliament  from  12  wax  candles  in  1851  to  14  sperm 
candles  in  1868.  Taking  the  Great  Central  gas  as  a  fair  example  of 
the  quality  of  the  gas  supplied  to  the  City  during  the  time,  it  appears 
from  the  published  reports  of  its  illuminating  power  from  1852  to 
the  present  time  that  it  has  been  of  nearly  one  uniform  quality  ;  for,  if 
measured  by  the  old  burner  of  1852,  its  average  illuminating  power  from 
1852  to  1857  was  13-33  standard  sperm  candles ;  from  1857  to  1863  it 
was  12-44  candles;  and  from  1863  to  1869  it  was  12-57  candles.  In 
fact,  the  published  returns  show  that  the  gas  supplied  to  the  City  at 
the  present  time  is  almost  identically  the  same  as  it  was  in  1852 — the 
apparent  increase  in  the  results  as  they  are  now  recorded  being  entirely 
owing  to  the  use  of  the  new  burner,  which  makes  the  gas  about  29  per 
cent,  better  than  with  the  old  burner.  As  regards  the  purity  of  the  gas, 
Dr.  Letheby  reports  that  it  has  been  always  free  from  sulphuretted  hydro- 
gen, and  that  the  amount  of  sulphur  in  the  gas,  other  than  the  precediug, 
has  averaged  19'75  grains  per  100  cubic  feet  in  the  City  of  London  Com- 
pany's gas,  25-97  grains  in  the  Chartered  Gas,  and  12"7l  in  the  Great 
Central.  It  is  apparent  from  these  results  that  the  amount  of  sulphur  can 
be  easily  maintained  at  an  average  of  20  grains  per  100  cubic  feet,  and  it 
is  exceedingly  desirable  that  this  destructive  impurity  should  be  kept  to  a 
minimum  proportion.  The  other  impurity,  ammonia,  has  always  been 
absent  from  the  City  Company's  gas,  but  it  has  been  frequently  present  in 
excessive  quantities  in  the  gas  supplied  by  the  Chartered  Company ;  and 
it  is  very  probable  that  when  it  has  not  been  discovered  in  the  last-named 
gas  its  absence  has  been  dependent  on  the  improper  use  of  a  wet  meter 
between  the  main  and  the  testing-room — a  proceeding  which  could  not 
have  been  sanctioned  by  the  chief  engineer,  who  is  one  of  the  referees 
under  the  Act. 


REVIEWS  AND  NOTICES  OE  NEW  BOOKS. 

We  resume  our  notice  of  the  recent  publications  of  M.  Eugene  La  Croix. 
Guide  pratique  d'  Agriculture   generate,  par  A.   Gobin,  Prqfesseur  de   Zoo- 
technie,  ancien  Directeur  de   Colonie  agricole  peiiitentiare,  Membre   Corre- 
spondent de  la  SociUe  d" Agriculture  d'Orleans,  Sfc. 

The  author  remarks  that  it  has  been  a  moot  question  for  many  years 
whether  agriculture  should  be  considered  as  a  trade,  an  art,  or  a  science, 
The  researches  that  have  been  made  of  late  years,  and  the  study  of  meteoro- 
logy, chemistry,  and  the  applied  sciences  on  the  part  of  leading  agricul- 
turists, must  in  some  measure  tend  to  place  it  in  the  ranks  of  the  second, 
if  not  of  the  third,  designation.  It  has  been  the  habit  of  the  British  people 
to  consider  themselves  as  the  agricultural  nation  par  excellence  ;  but  the 
work  before  us  must  convince  the  most  sceptical  that  our  French  neighbours 
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have  a  knowledge  of  the  latest  improvements  in  the  cultivation  of  the 
soil,  however  backward  they  may  be  in  the  application  of  them. 

Commencing  with  general  considerations  of  climate  and  atmosphere,  and 
the  varying  conditions  of  the  latter,  the  different  parts  of  France  are  com- 
pared with  other  regions  of  the  world,  as  to  the  nature  of  the  soil,  and 
their  adaptibility  to  the  leading  productions  of  the  country,  which  seems 
to  be  divided  into  districts  devoted  to  the  cultivation  of  the  vine,  olives, 
maize,  grain,  and  chestnuts,  the  latter  of  which  forms  no  inconsiderable  item 
of  the  food  of  the  country. 

Agricultural  implements,  to  which  a  cliapter  is  devoted,  are  next  con- 
sidered, but  so  briefly  that  it  is  evident  our  lively  neighbours  are  far 
behind  us  in  the  application  of  machinery,  however  atteutive  they  are  to 
drainage,  irrigation,  and  manures,  both  natural  and  chemical. 

Although  the  work  is,  from  the  nature  of  it,  adapted  only  for  the  use  of 
French  agriculturists,  the  English  reader  will,  by  a  careful  perusal, 
find  much  that  will  iuterest  him,  and  indeed  may  even  gain  a  little 
knowledge,  which,  to  a  suggestive  mind,  could  be  turned  into  practical 
account. 


Guide   pratique   de   VOuvrier  Mecanicien,  par  M.    A.    Ortolan,  Mecanicien 

en  chef  de  laFlotte,  avec  la  Collaboration  de  MM.  Bonnefoy,  Cochez,  Dinee, 

Gebert,  Guipont,  Juhel,  Micaniciens  de  la  Marine,  ex-tteves  des  Ecoles  d'arts 

et  Metiers. 

This  valuable  and  useful  work  is  announced  as  a  collection  of  facts  intelli- 
gible to  all  who  understand  the  first  four  rulesof  arithmetic.  M.  Ortolan  states 
that  it  was  with  a  philanthropic  desire  that  he  placed  himself  iu  communica- 
tion with  those  of  his  collaborateurs  whose  names  appear  as  joint  authors, 
and  proposed  to  them  that  they  should  undertake  the  different  portions  of 
which  the  work  is  composed.  Circumstances  caused  him  somewhat  to 
modify  his  original  plan,  but  he  has  endeavoured  to  preserve  the  distinctive 
characteristics  of  each,  for  the  general  benefit  of  the  working  community. 

The  first  division  of  the  work,  which  treats  of  arithmetic,  ignores  the 
first  four  rules,  as  being  "  within  the  knowledge  of  all  the  world,"  and  he 
compels  the  reader  at  once  to  take  what  may  be  termed,  in  the  language  of 
the  day,  "  a  sensational  header  "  into  what  must  be,  to  many  of  the  class 
ouvrier  mecanicien,  the  mysteries  of  mathematical  formula;.  Although 
the  young  student  is  apparently  taken  out  of  his  depth,  he  will 
flounder  about  but  a  very  little  while  ere  his  feet  will  touch  the  ground,  as  by 
easy  gradation,  the  author  leads  his  pupils  on,  and  very  soon  reduces  the 
formidable  array  of  figures  and  signs  into  the  most  simple  of  elementary 
"sums."  The  form  and  value  of  the  characters  and  signs  used  in  the 
formula;  are  familiarly  set  forth  in  tabular  form,  one  perusal  of  which 
will  go  a  long  way  in  dispelling  any  idea  of  difficulty  in  the  mind  of  the 
scholar  whose  abilities  have  been  hitherto  untaxed  in  this  direction. 
Following  this  table,  we  find  a  number  of  formulae  worked  out  side  by  side 
by  the  ordinary  arithmetical  process,  one  glance  at  which  gives  a  very  fair 
idea  of  the  great  saving  to  be  effected  in  abstruse  calculations.  So  far  only 
simple  figures  have  been  dealt  with,  now  fractions — vulgar  and  decimal — 
are  introduced,  till  we  come  to  a  most  intricate  mass  of  algebraic  compu- 
putations;  but  so  gradully  is  it  approached  that  every  difficulty  seems 
to  disappear  ere  it  is  reached. 

The  succeeding  chapters  are  devoted  to  Practical  Geometry,  of  which 
we  can  only  Bay  that  it  is  much  after  the  style  of  most  elementary  works 
upon  the  same  subject. 

The  second  division  of  the  work,  which  bears  the  name  of  V.  Guipon, 
treats  of  Mechanics,  a  most  interesting  subject,  than  which  none  l  p 
larger  field  for  the  exercise  of  intelligence  and  ingenuity  on  tli  ].art  of 
the  student.  Commencing  by  stating  thatthe  Science  of  Mechanics  "  I  real  - 
of  the  action  of  force  upon  matter;  it  is  divided  into  two  parts,  static  and 
dynamic,  the  former  constituting  of  the  laws  of  equilibrium,  and  the  latter 
the  motion  of  bodies."  After  giving  the  proper  definition  and  expom 
the  laws  of  time,  movement,  rest,  weight  and  density  of  matter,  composi- 
tion of  forces,  centre  of  gravity,  measure  of  force,  &c\,  the  author  explains 
the differenl  prime m  ,:  the  force  of  men  and  animals,  weight, 

momentum,      heat,    chemical      and     electric      action,     iVc.         He 

"Animal  power  canned  be  and  continuously;  the  fatigue  conse- 
quent to  this  labour  renders  periodica]  repose  indispensable,  and  an  equal 
amount  of  work  performed  in  a  given  period  of  time  costs  more  by  this 
means  than  by  any  other.  Theonlj  advantage  offered  is  that  the  wots 
be  varied  at  pleasure,  and  s  ipeed  Inst  intlj  pn  duoed  vary  from  four  to  ten 
times  the  habitual  velocity."  Compel  aro  appended  ihowiof 

amount  of  work,  and  the  oost>  obtainable  from  animal  power  of  the 
eriptions  mosl  commonly  in  use,  nndei  dil  annot 

tail  to  hs  useful. 

Strength    of  materials  receives  In   the  third    division   a 
■mount  of  attention,  but  our  renders  will,  no  doubt,  acquit  us  of  any  cl 
of  vanity  when  we  say  that  tbe  subject  is  much  more  fully  treated  op  'ii  in 
exhaustive  series  of  articles  upon  tbe  subject,  which  will  be  found  in 
the  volumes  of  tbe  Astizas  for  I 

The  concluding  portions  of  the  b  ions  of  stuitn 


engines,  hydraulic,  and  other  machinery,  which  are  fully  aud  clearly  des- 
cribed. 

The  work  is  illustrated  with  numerous  wood  engravings,  and  is  accom- 
panied (in  a  separate  volume)  by  52  plates  of  lithographic  drawings,  illus- 
trative of  the  several  subjects  treated  upon. 

Taken  as  a  whole,  the  Guide  pratique  de  VOuvrier  Mecanicien  is  a 
creditable  production,  and  fully  sustains  the  reputation  of  the  eminent 
firm  by  whom  it  is  published. 


The  Theory  of  Strains  in  Girders  and  Similar  Structures ;  tcith  Observations 
on  the  Application  of  Theory  to  Practice,  and  Tables  of  the  Strength  awl  other 
Properties  of  Materials.  By  Bisdos  B.  Stoney,  B.A.,  Mem.  Inst.  C.E. 
In  Two  Vols.  Vol.  II.,  with  Plates.  London :  Longman,  Green,  and  Co. 
1869. 

The  second  volume  of  this  work  has  just  made  its  appearance.  We  noticed 
the  production  of  the  first  volume  in  The  Ahtizax  for  December,  1866. 
Mr.  Stoney  has  completed  his  work  in  a  thorough  manner,  aud  gives  the 
results  of  experiments  with  various  materials  under  different  circumstances 
in  such  a  form  that  the  reader  will  think  it  scarcely  possible  to  imagine 
any  kind  of  strain  the  causes  of  which  he  has  not  illustrated.  Flexure, 
crushing,  buckling,  bulging,  and  splintering,  are  the  effects  produced  by  un- 
due strain  upon  various  kinds  of  materials,  and  his  hints  must  prove  of  the 
greatest  utility  to  the  engineer,  the  architect,  the  contractor,  and  the 
builder.  The  tensile  strength  and  breaking  strains  of  cordage,  wire  rope, 
and  chains  receive  a  special  amount  of  attention,  and  since  the  Chain 
Cables  and  Anchor  Act,  1864  (which  continues  in  force  until  1872)  has 
rendered  compulsory  the  submission  of  all  chains  and  anchors  to  a  proof- 
test  similar  to  that  required  in  Her  Majesty's  Navy,  the  attention  of 
those  interested  in  the  matter  has  been  aroused.  The  Act  has  certaiuly 
proved  beneficial,  and  it  will  be  a  great  loss  to  the  mercantile  community 
if  it  is  not  perpetuated.  The  work  is  admirably  got  up,  and  some  features 
in  the  typographical  arrangements  greatly  facilitate  reference.  We  wish 
Mr.  Stoney  the  success  that  his  diligent  labour  deserves. 


507  Mechanical  Movements,  embracing  all  those  that  are  most  important  in 
Dynamics,  Hydraulics,  Hypostatics,  Pneumatics,  Steam  Wngines  Hill 
and  other  Gearing,  Presses,  Horology,  and  Miscellaneous  Machinery.  l!y 
Hesby  T.  Bbow.n,  Editor  of  the  American  Artisan.  London  :  Trubner 
aud  Co.  1870. 
A   very  neatly-executed  edition,  in   small  4to.,  of  the   collections    of 

mechanical  motions,  with  which  all  must  be  familiar.    All  the  old  means  of 

transmission  and  conversions  of  motions  are  given,  together  with  some  that 

are  more  modern,  and  quite  novel  in  their  application. 


CORRESPONDENCE. 


We  cannot  hold  ourselves  responsible  for  the  opinions  of  our  Correspondents. 

STEAM  BOILER  EXPLOSIONS. 

Sir, — The  froquont  bursting  of  steam  boilers  has  induced  me  to  sen  I 
tho  following  copy  of  tho  lotter  I  sent  to  the  Socrotary  ol 

after  tho  accidont  en  board  the  Tanning  steam  ship.  I  was  then  informed 
by  Captain  Robinson,  tho  Surveyor-Genera]  nt  that  time,  that  they  had  no 
i  to  insist  on  tho  mastors  of  steam  machinery  to  apply  any  other  kind 
of  safoty-valvo  than  that  which  has  been  in  general  uso  for  m  i 
therefore,  until  the  Government  insists  on  all  the  owners  of  stoam  boilers 
having  thom  testod  and  examined  by  a  competent  and  independent  ei 
surveyor,  for  land  or  water,  wo  shall  over  bo  hearing  ol 

sions,   which  aro  a   disgraco  to  tli entry.     Th mark    made  by   the 

coroner  to  the  jury  in  the  h  d  of  the  but 

.stoaui-tug  Edward.  Is  equally  applicable.    With  the  present  manage) 
of  Jaii'l  boilers,  little  do  we  think  of  the  d  .posed  to  si 

travelling  by  land  or  water.  I  remain.  Sir, 

Your  oli.lt.  servant, 

THOMAS  SAMPSON. 
(Copy). 
Campden  Hill  Water  Work  ,  Kei 
iber  1 1:1.. 
Tho  Secretary,  Marine  Department,  Board 
sir, — Tho  sad  explosion  which  lately  occurred  on  i  oard  the  Von 

i    Indt 'I  d  for  their  I 

■  t    steam  ve  tel  ■  i"  general  sn 
great    pi  steam  over  the  working 

;ie.      there  |fl  I  p  .,  1  nee,  i  | 

to  the  valves  oon  need,  that  should,  if  kept  Iu  good  workio 

inco  of  ong  in,  under  all  rircui 

iu  his  able  work 
Improvement  a] 

a  part  of  their  load  when  i  thalreeat  mo« 
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thing  for  this  purpose  is  devised,  I  fear  we  shall  always  be  liable  to  such 
accidents,  and  without  showing  any  palpable  neglect.  At  present  the 
boilers  are  supplied  with  two  valves,  one  under  the  control  of  the  engineer, 
the  other  not :  and  those  valves  loaded  according  to  the  judgment  of  the 
surveyor,  say,  ten  pounds  per  square  inch.  Suppose,  now,  the  Tonning,  or 
any  other  steam  vessel,  coming  up  Channel  full  speed,  with  fires  in  good 
working  order,  and  the  steam  up,  and  the  order  should  be  given  to  the 
engineer  to  stop  her  to  take  in  a  few  baskets  of  fish,  he  may  think  from 
this  that  it  was  not  necessary  to  ease  the  safety-valves  for  such  a  short 
time,  or  should  his  attention  bo  taken  from  this  most  important  duty,  he 
would  in  a  few  minutes  find  by  the  steam  guage  fifteen,  instead  of  ten, 
pounds.^  This  makes  it  evident  that  something,  in  addition  to  the  present 
arrangement,  is  required.  There  are  very  often  defects  in  marine  boilers 
which  cannot  be  seen  by  the  engineer  surveyor,  and  I  could  mention  several 
similar  accidents  which  have  occurred  on  board  of  steam  vessels,  but  as 
they  did  not  all  prove  fatal,  they  were  not  brought  under  the  notice  of  the 
Board  of  Trade. 

I  have  a  model  of  a  self-acting  safety-valve  for  the  prevention  of  steam 
boiler  explosions,  for  which  invention  I  was  awarded  a  prize  by  the  Koyal 
Polytechnic  Society,  in  the  year  1851.  Should  their  Lordships  feel  so  dis- 
posed, I  should  feel  a  pleasure  in  sending  it  for  their  inspection. 

I  remain,  Sir, 
Your  most  obdient  and  humble  servant, 

THOMAS  SAMPSON. 


SAMPSON'S  SAFETY-VALVE. 

As  the  valve  alluded  to  in  letter  of  Mr.  Sampson  to  the  Secretary  of  the 
Board  of  Trade,  appears  to  us  to  be  very  ingenious,  wo  make  no  apology  for 
giving  an  illustration  of  it,  although  it  was  invented  several  years  ago. 


The  principle  upon  which  this  valve  is  designed,  will  be  readily  under- 
stood from  the  following  explanation  : — A  is  the  body  of  the  valve  fitted  in 
the  usual  manner  to  the  steam  chest  of  a  boiler.  This  is  provided  with 
openings,  a,  a,  round  its  circumference,  and  a  small  valve  seat  in  the  centre 
of  its  upper  portion,  upon  which  rests  the  weighted  valve,  B.  An  outer 
casing,  C,  is  accurately  fitted  over  the  body,  A,  so  as  to  close  the  openings 
«,  a,  perfectly  steamtight.  This  casing  is  carried  over  the  top  of  the  body, 
A,  to  within  a  very  short  distance  of  the  valve  B,  as  shown  in  the  accom- 
panying engraving.  The  casing  C  is  also  provided  with  lugs,  c,  which  slide 
on  the  guides,  D  ;  springs,  d,  being  provided  for  the  purpose  of  keeping  the 
casing  down  when  there  is  no  pressure  of  steam  to  cause  it  to  rise. 

From  the  above  description  it  is  evident,  that  when  the  pressure  of  steam 
is  only  just  sufficient  to  cause  the  weighted  valve,  B,  to  rise,  it  will  blow  off 
in  the  usual  manner,  but  should  this  pressure  increase  it  will  cause  this 
valve  to  rise  so  far  as  to  close  the  opening  in  the  casing,  C.  The  immediate 
effect  of  this  will  be,  to  cause  the  steam  to  press  against  the  top  of  this 
casing,  and  by  thus  forcing  it  up  to  allow  the  steam  to  escape  through  the 
openings  a,  a.  As  the  area  of  opening  thus  provided  is  very  great,  ample 
facility  for  counteracting  any  sudden  increase  of  steam  is  obtained.  As  soon 
as  the  pressure  falls  sufficiently  to  allow  the  small  weighted  valve,  B,  to 
close,  the  steam  pressure  is  taken  off  the  casing,  and  the  small  springs,  d,  d, 
instantly  cause  it  to  descend  and  shut  the  side  openings. 

The  small  valve,  B,  is  here  shown  with  a  weight  upon  the  top,  but  it 
may,  of  course,  be  weighted  from  the  inside  of  the  boiler,  or  with  a  lever  in 
the  usual  way. 


NOTES  AND  NOVELTIES. 

MISCELLANEOUS. 

A  Mechanical  Register  of  Distances—  The  Council  of  the  Societv  of  Arts  nffi>r 

SMSS-rS?  f?r  theb.eS,t  instr— ' t0  te  »»«<"<>  a  cab  or  AhStacy  cSrS 
for  indicating  the  fare  as  between  the  passenger  and  the  driver,  whether  bv  registering 
the. distance  travelled  otherwise,  and  which  instrument  shall  a  so  mdfcate  fo?  he  "on? 

ZYZ\°J  hS  Cab  ?WMr  '?d  2lthe  d.river' the  t0tal  distaDce  travelled  during  the  day 
and  the  total  amount  enrned.  The  instruments  competing  with  full  descriptions  of  their 
construction,  to  be  sent  to  the  Society's  house  before  January  1  1870ue8cnPIlons  0I  lDea 
We  learn  lrora  Nature  that  the  Minister  of  Public  Instruction  has  given  orders  for 
the  construction  of  an  agricultural  map  of  France,  on  a  novel  plan.  It  will  be  built  un 
ot  specimens  of  the  various  soils,  arranged  according  to  locality. 
,f  m  """"^"o^!,  t?'t?"lfEvr"  Ln  -a  P°Jtable  £as  apparatus  exhibited  at  the  Fair  of 

immer- 
_ conveyed 

it  takes  up  its  due  proportion  of  carbon  and  is  oonverte'dTnto  'a  fixed  carburetted 
hydrogen  gas  of  high  illuminating  power.  The  apparatus  is  ingenious,  and  works 
automatically— making  gas  only  when  it  is  being  used.  Efforts  are  being  made  to  intro- 
duce this  gas  into  general  use  in  San  Francisco. 

The  Mechanics'  Institute  Exhibition  of  San  Francisco  closed  on  the  evening  of 
October  30.    The  receipts  were  over  61,000  dols. 

NAVAL  ENGINEERING. 

_  United  States'  Ironclad  Fleet.— Our  ironclad  fleet,  although  somewhat  diminished 
™,  numbers  smce  the  close  of  the  rebellion,  still  presents  a  formidable  bomb-proof 
Flotilla  tor  coast  defence,  though  somewhat  rusty  with  age  and  hard  knocks.  Several 
of  our  best  ironclads  are  fully  manned  and  equipped,  and  could  be  ready  at  a  moment's 
warning,  while  the  entire  lot  could  be  sent  along  the  coast  inside  of  a  fortnight,  should 
such  a  necessity  arise.  To  give  our  readers  some  idea  of  the  numerical  strength  of  our 
walls  of  iron,  we  append  a  list  of  the  present  position  of  the  ironclads.  Those  with  a  star 
prefixed  carry  four  guns,  those  with  a  dagger  only  one.  The  remainder  carry  two  guns 
each,  excepting  the  Moanoke,  which  has  six.  At  League  Island  are  lying  the  f Achilles, 
&t*a,  Argos,  Atlas,  Charybdis,  Erebus,  Goliath,  *Gorgon,fSydra,Jason,Ie}iigh,  Medusa, 
"Miantonomoh,  + Nemesis,  Niobe,  Spitfire,  Tartar,  and  Puritan— 17,  and  one  hulk.  At 
New  Orleans,  the  Ajax,  *Cyclops,  Neptuue,  *Sampson,  *Tornado,  and  Vesuvius— 6.  At 
Mound  City,  the  Circe,  Fury,  Sarpy,  Hecate,  Iris,  Minerva,  Tempest,  Vixen— 8.  At  Wash- 
ington, the  Castor,  fSero,  Montauk-,  and  f  Orion— i.  At  San  Francisco  ready  for  action, 
the  •Monadnock  and  Comanche— 2.  At  the  Naval  Academy,  the  * Amphitrite—l.  In  the 
North  Atlantic  Squadron,  the  Centaur  and  Dictator— 2.  At  Boston,  the  Terror,  ready 
for  sea,  and  the  Solus  and  -fStromboli— 3.  At  Philadelphia,  the  Fassaic  and  Scyllaready 
for  sea— 2.  The  following  vessels  are  in  process  of  construction  -.—Thunderer,  at  Ports- 
mouth; *  Colossus,  at  New  York;  *Secla,  at  Philadelphia;  *Hercules,  at  Boston;  and 
the  Niagara  is  being  converted  into  a  broadside  vessel  at  Boston— 5.  The  Roanoke  with 
her  three  turrets  is  in  ordinary  at  the  Brooklyn  Navy  Yard— 1.  Total,  60.  The  torpedo 
boat  Spuyten  Duyvil  is  at  the  Brooklyn  Naval  Yard,  and  is  a  most  terrible  engine  of  war- 
fare, not  so  much  to  look  at  as  to  encounter.  It  is  not  to  be  expected  that  a  majority  of 
these  vessels  could  fight  in  a  seaway;  but  as  they  were  originally  designed  for  coast 
defence,  it  is  probable  they  would  be  assigned  to  suet  duty.— New  York  Tribune. 

New  Turret  Ship.— On  the  12th  ult,  the  First  Lord  of  the  Admiralty,  accompanied 
by  Admiral  Sir  Sydney  Colpoys  Dacres,  C.B.,  Mr.  Eeed,  Chief  Constructor  of  the  Navy, 
Lientenant-Colonel  A.  Clarke,  C.B.,  Director  of  Admiralty  Works,  and  Captain  O.  Willis, 
private  secretary  to  Mr.  Childers,  arrived  at  Portsmouth,  to  lay  the  keel  of  a  new  iron- 
clad turret  ship,  to  be  named  the  Devastation,  a  vessel  of  4406  tons,  and  of  800-horse 
power. 

SHIPBUILDING. 

A  new  iron  ship  of  war  called  the  Audacious  has  arrived  at  Pembroke  from  Glasgow, 
under  the  command  of  Staff-Commander  Spain.  The  Audacious  was  built  by  Messrs. 
Napier  and  Co.,  with  engines  of  800-horse  power  by  Eavenhill  and  Hodgson.  She  has 
been  sent  to  Pembroke  for  the  purpose  of  being  entirely  sheathed  over  with  teak  wood, 
to  prevent  the  action  of  the  water  on  the  iron.  She  is  a  fine  vessel,  and  is  a  sister  ship 
to  the  Iron  Duke,  now  nearly  ready  for  launching  from  Pembroke  dock,  of  3,464  tons 
burthen.  The  Audacious  is  on  the  twin-screw  principle,  and  has  two  pairs  of  engines. 
On  her  passage  to  Pembroke,  in  a  strong  gale  of  wind,  she  averaged  11  knots, 

Stbam  Shipbuilding  on  thb  Clyde.— Messrs.  W.  Hamilton  and  Co,  have  launched 
from  their  yard  at  Port  Glasgow  a  wooden  paddle,  built  to  the  order  of  Messrs.  Theo- 
doridi  and  Co.,  of  Constantinople,  for  the  Imperial  Ottoman  Government.  The  steamer, 
which  has  been  named  the  Amelia,  is  the  fourth  which  Messrs.  Hamilton  have 
built  for  the  Turkish  Government,  and  a  sister  ship  is  now  in  course  of  construc- 
British  Government,  has  been  towed  down  the  Clyde  and  moored  at  the  tail  of 
tion  in  their  yard.  The  Messrs.  T;  Wingate  &  Co.,  of  Whiteinch,  have  launched  a  composite 
screw  of  620  tons,  fitted  with  a  pair  of  improved  compound  surface-condensing  engines 
of  100-horse  power.  The  steamer,  which  has  been  named  the  Wilhelmine  Emma,  has 
been  built  to  the  order  of  Messrs.  Miller  Brothers,  and  she  will  proceed  at  once  to  Japan. 
The  construction  of  the  vessel  is  somewhat  novel,  the  bottom  being  composite,  with 
flush  iron  topsides,  so  as  to  combine  in  the  highest  degree  the  strength  and  stiffness  of 
an  iron  vessel  with  the  anti-foubng  properties  of  a  composite.  Messrs.  A.  M'Millan 
and  Son,  of  Dumbarton,  have  launched  a  screw  of  600  tons ;  she  has  been  named  the 
Eastern  Isles,  and  has  been  built  to  the  order  of  a  China  and  Japan  house.  Messrs.  A. 
Stephens  and  Sons  have  launched  the  Anglia,  built  for  Messrs.  Handyside  and  Hender- 
son's line  of  Transatlantic  steamers,  trading  to  New  York.  The  Anglia  is  2,100  tons 
burden,  and  is  fitted  with  all  recent  improvements. 

TRIAL  TRIPS. 

Teial  or  H.M.S.  "  Eocket," — On  the  12th  ult.,  the  gun  vessel  Socket  was  taken  out 
for  the  second  time  to  the  measured  mile  at  the  Maplin  Sands,  to  try  her  boilers  and 
machinery,  the  first  trial  having  been  very  unsatisfactory.  Upon  this  occasion  the 
Focket,  which  is  sister  ship  to  the  Thistle,  being  of  the  same  dimensions,  steam  power, 
and  tonnage,  and  carrying  the  same  number  of  guns,  had  an  exceedingly  narrow  escape 
from  an  explosion.  The  trials  wGre  conducted  by  the  officers  of  the  Steam  Ecserve,  and 
while  the  vessel  was  going  at  full  speed  on  the  mile  the  boilers  primed  to  such  an  extent 
as  to  blow  nearly  all  the  water  out  of  them,  rendering  it  necessary  to  draw  the  whole  of 
the  fires.  The  alarm  on  board,  especially  in  the  engine-room  and  stokehole,  was  as  may 
be  supposed,  very  great,  being  naturally  heightened  by  the  remembrance  of  the  calamity 
on  board  the  sister  vessel.  Some  of  the  men  became  so  unnerved  as  to  be  obliged  to  go 
on  deck ;  but  others  manfully  remained  at  their  duty,  and  by  their  exertions  prevented 
another  catastrophe.  Various  rumours  are  current  as  to  the  cause  of  the  priming,  but 
nothing  positive  has  been  made  known.  The  fires  were  subsequently  got  up  again,  and 
the  ship  completed  some  of  her  trials. 

LAUNCHES 

An  ironclad  frigate,  the  21  mine,  was  launched  at  Cronstadt  a  few  days  back  in  presence 
of  the  Emperor  ot  Eussia,  the  Cesarewitch,  the  Grand  Dukes  Alexis  and  Constautine, 
and  the  Prince  of  Oklenburgh. 
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RAILWAYS. 

Xoeth  Beitish  Eaiiwat. — At  a  meeting  in  Edinburgh,  on  the  12th  nit.,  the  chair- 
man moved  the  approval  of  the  Tay  Bridge  scheme,  costing-  £3.10.000.  An  amendment 
was  moved  by  Mr.  Kinloch  to  delay  the  wort  for  twelve  months,  but  the  chairman's 
motion  was  carried  by  large  majority. 

The  Russian  newspapers  record  the  establishment  of  communication  between  Odessa 
and  St.  Petersburg  by  railway.  The  Emperor,  arriving  in  his  northern  capital  on  the 
25th  October,  made  the  journey  in  66  hours — from  which  about  eisrht  hours  must  be 
deducted  for  necessary  stoppages  and  for  the  crossing  of  the  Dnieper  near  Kief. 

A  shoet  time  ago,  at  the  York  County  Court,  a  cattle  dealer  obtained  £40  damages 
from  the  North  Eastern  Railway  Company,  as  compensation  for  injuries  received  by  his 
beasts  while  in  the  railway  trucks  for  conveyance  between  Howdeu  and  York. 

A  !tew  station  in  the  Uxbridge-road,  a  shcrt  distance  on  the  London  side  of  Shep- 
herd's Bush  was  opened  on  the  1st  ult.  to  the  public.  The  Groat  Western  trains  from 
Kensington  to  the  City  will  call  at  the  new  station. 

TrtE  Brynmawr  and  Blaenavon  Railway  was  opened  for  goods  and  mineral  traffic  on 
the  1st  ult.  The  line  connects  the  Blaenavon  and  oth?r  iron  and  coal  works  with  the 
London  and  North- Western  system,  and  will  all'ord  considerably  increased  facilities  for 
the  conveyance  of  traffic  to  the  northern  and  midland  districts. 

The  portion  of  the  Lancashire  Union  Railway  intended  more  directly  to  connect 
Liverpool  with  the  manufacturing  districts  of  Lancashire  was  opened  on  the  1st  ult.  for 
merchandise  traffic,  and  by  this  additional  link  Liverpool  will  be  brought  into  closer 
communication  than  it  has  hitherto  been  with  the  industrial  portion  of  the  county,  more 
especially  with  the  coal  fields  in  the  north-eastern  districts.  The  new  line  joins  the 
Lancashire  and  Yorkshire  and  also  the  London  and  North-Western  Railways  at  their 
Winn  stations  respectively.  From  Wigan  the  new  line  takes  the  dircctio  i  of  Chorley, 
which  has  hitherto  been  "only  brought  into  imperfect  connection  with  the  Lancashire 
railway  system.  It  thence  traverses  a  rich  and  densely  populated  mineral  and  manufac- 
turing locality  until  it  arrives  at  Blackburn,  where,  for  the  present,  it  will  have  its 
terminu-',  although  the  line  is  ultimately  to  be  extended  to  the  extreme  part  of  the 
north-eastern  division  of  the  county. 

DOCKS,  HARBOURS,  BRIDGES. 

New  Bock  at  Glasgow.— A  special  meeting  of  the  Clyde  Trust  was  held  on  10th  u!t, 
in  Glasgow,  the  Lord  Provost  presiding.  The  committee  appointed  with  regard  to  the 
new  dock  at  Stobcross  gave  in  a  report  as  to  the  result  of  their  negotiations.  From  this 
report  it  appeared  that  satisfactory  terms  had  been  arranged  with  the  North  British 
Railway  Company  and  with  the  Stobcross  proprietors;  but  with  regard  to  Overncwton 
the  price  asked  was  an  exorbitant  one,  and  should  not  be  acceded  to.  The  committee 
recommended  that  the  initiatory  steps  for  getting  Parliamentary  sanction  shou'd  be 
taken,  and  that,  if  no  better  terms  could  be  come  to,  the  lands  of  Overncwton  should 
be  acquired  compulsorily  under  statutory  powers.  Mr.  Bain,  deputy  chairman  of  the 
trust,  in  moving  the  adoption  of  the  committee's  report,  stated  that  the  proposed  new 
dock  would  add  76  per  cent,  to  the  existing  quayage  of  the  harbour  below  the  bridges. 
The  estimated  cost  was  £1,268,715,  equal  to  £3i3  per  lineal  yard ;  but  it  was  intended  to 
make  only  100  yards  of  the  extension  at  a  time,  as  the  requirements  of  the  trust  de- 
manded, and  each  section  when  made  would  be  turned  to  profitable  account.  The  report 
and  its  recommendations  were  unanimously  adopted. 

A  steam  travelling  crane,  supplied  by  Messrs.  Taylor  and  Co.,  of  Birkenhead,  for  u?e 
alongside  No.  2  dock  in  Chatham  Dockyard,  to  be  used  inthe  construction  of  the  Sultan, 
has  just  stood  a  successful  test.  It  was  tried  up  to  17  tons,  while  it  is  required  to  lift 
only  15  tons  ;  and  acted  very  satisfactorily. 

TELEGEAPHIC    ENGINEERING. 

The  directors  of  the  West  India  and  Panama  Telegraph  Company  (Limited)  have 
issued  their  report  in  anticipation  of  the  meeting.  They  state  that  the  manufacture  of 
the  cable  is  proceeding  rapidly,  408  miles  having  been  already  completed  to  the  entire 
satisfaction  of  the  company's  engineers,  and  it  is  anticipated  that  the  greater  part  may 
be  sent  out  by  March  next.  A  communication  has  been  received  from  Sir  Benjamin 
Pine,  the  Governor  General  Of  the  Leeward  Islands,  expressing  a  desire  that,  they 
be  included  in  the  company's  scheme,  and  negotiations  are  in  progress  for  settling  the 
terms. 

The  transfer  of  tho  telegraphs  to  the  Post-offices  in  Ireland  is  to  be  deferred  for  a 
year,  it  having  been  found  impossible  to  make  the  necessary  arrangement*  in  all  the 
three  kingdoms  within  tho  tin  to   January  1st.     lor   twelve   months   the 

business  in  Ireland  will  therefore  be  conducted  in  the  existing  offices,  but  under  the 
control  of  the  Postmaster  General,  to  whose  officers  the  revenue  collected  will  be  handed 
over. 

ACCIDENTS. 

A  Collisiox  took  place  on  the  V. ,  ;  rn  Pa  tine  Railway,  near  San  Francisco,  on 
Sunday,  November  11th.    From  ten  I  killed)  and  from  thl 

fifty  wounded.    Tl  lich  came  In  contact  were  completely  smashed.    Great 

Ox  Wednesday  lastwoek  the  LS0p.ni.  train  from  St.  Michel,  an  houraftcr  comm 
ran   ofT  the   line,  and  the  engine  fell  across  the  I 
carriages  within  k  few  inches  of  the  I 

.  and  waited  till  alter  midnight 

n   ready  to  make  another  start, 
absence  of  the  central  rail  at  the  alleged  cause  ui  thl  accident. 

MINES,  METALLURGY,  fcc 
Tub  Iro.v  Tuaob.— A 
F.a*t  v.  lire  was  held  In  Birmingham  on  the  t*h  alt.     I;  »i. 
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LATEST   PRICES   IX  THE  LOXDOS  METAL   MARKET. 


COPPER. 

Best  selected,  per  ton    

Tough  cake  and  tile  do 

Sheathing  and  sheets  do 

Bolts  do 

Bottoms  do 

Old  (exchange)  do 

Burra  Burra  do 

Wire,  per  lh 

Tubes  do 

BRASS. 

Sheets,  per  lb 

Wire  do 

Tubes  do 

Yellow  metal  sheath  do 

Sheets  do 

SPELTER. 

Foreign  on  the  spot,  per  ton     

Do.  to  arrive 

ZINC. 
In  sheets,  per  ton  

TIN. 

English  blocks,  per  ton 

Do.  bars  (in  barrels)  do 

Do.refineddo 

Banca  do 

Straits  do 

TIN   PLATES.* 
IC.  charcoal,  1st  quality,  per  box    . 

IX.  do.  1st  quality  do 

IC.  do.  2nd  quality  do 

IX.  do.  2nd  quality  do 

IC.  Coke  do 

IX.  do.  do 

Canada  plates,  per  ton 

Do.  at  works  do 

IRON. 
Bars,  Welsh,  in  London,  per  ton    . 

Do.  to  arrive  do ,.. 

Xail  roils  do 

Stafford  in  London  do 

Bar3  do.  do. 

Hoops  do.  do 

Sheets,  single,  do 

Pig  No.  l  in  Wales  do 

Rctincd  metal  do 

Bars,  common,  do 

Do.  mrch.  Tyne  or  Tees  do 

Do.  railway,  in   Wales,  do 

Do.  Swedish  in  London  do 



.  1   in  Civile  do 

:    Tecs  (In 

:!  and   1  t'.o.b.  do 

Railway  chair*  do 

Do.  spikes  do 

Indian  charcoal  pig  in  London  do. 
BTBBL. 

i  rolled),  per  ton.... 

Do.  (hammered)  do 

Do.  in  faggots  do 

•  'a  spring  do 

tie 

I.  HAD. 

English  pig,  coniin     .  i>  i    tOO 



,B.do 

Do.  ah*  

I  le  id  do 



Do»p  itent  shot  do 

Spanish  do 
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THE  AUTIZAN. 


[December  1, 1869. 


LIST  OF  APPLICATIONS  FOE  LETTERS 
PATENT. 

We    HAVB    ADOPTED     A    NEW-  ARRANOBMRNT    OF 

thb  Provisional  protections  applibd  for 
b7  inventors  at  thb  grbat  seal  patent 

OfFICB.    IF    ANT    DIFFICULTY    should    ARISB 

with  referkncr  to  thb  names,  addresses, 
or  titles  oiten  in  thb  list,  thk  requi- 
site information  will  eb  furnished,  free 
of  btprn3e,  from  thb  office, by  addressing 
a  letter,  prepaid,  to  thb  editor  of 
"Thb  Artizan." 


Dated  Octobe  it  23rd  1869. 
3080  C.  D  Abel— Tiles  and  slates 
odSl  C.  A.  Ofverberg- Filters 
3082  F.    Woodward— Commuuicating    on    railway 

trains 
3QS3  J.  and  J.  Cash— Boxes  or  cases  Tor  preserving 

letters 
3084  R.  Scott  and  \V.  Mr  Ivor—  Producing  sulphate 

or'  s«da 
3065  F.S.Anderson — Obtaining'  fuel  and  light  from 

water 
3086  T.  Deichmaon — Preserving  meat 
30S7  T.  Hydes,  aud  J.  ana  J.  E.   liennett—  Proppl- 

lint?  ships 
3Up(J  A.  B.    Ibbotson   and  T.    S.    Sarney— Securing; 

railway  rails 
3069  T  Bevingtoo,  S.  Courtauld,  and  J.  A.  Norberg 

— Breaking  *tune 

3090  L.  Meurin— Clocks 

Dated  OcroBER  25th,  1369. 

3091  P,  Walker — Rendering    coal  mines    less  inju" 
nous  to  those  employed  therein 

3092  W.  R.  Lake— Needle,* 

3093  VV.  R.  Luke—  Dry  whitelead 

3094  \V.  W.  Ladalle— Blenching 

3095  'J.  H.  Johnson — Adhesive  compound 
30%  G.  Irelaud  —  Nutcrackers 

3097  J,  Edge— Wire  rope 

Datbd  October  26th,  1869. 

303S  J.  Lockwood— Couplings  for   railway   engines 

and  carriages 
30!)9  W.  B.  Haifjh— Saw  benches 
3  lift  J.  S.  Grieisjn  and    K.    Philips— Illuminating 

cards 
0101  T.  Hoey— Fireplaces 

3102  D.  Spill— Preparation    and   use  of  solvents  of 
xyloiriioe 

3103  J.  P.  Rennoldson— Steam  lubricators 

3104  J.  Dodee— Foigiug  metals 

31i"S  J.  H.  Nutt— Wrappers  used  in  hj  draulic  and 
other  presses 

3106  J.  Sheldon— Biuahes 

Dated  Octobrr  27th,  1869- 

3107  T.  Briges— Materials  used    for    packing    and 
other  purposes 

3103  T.  Dudu— Steam  engines 
3109IC  Simpson— Toy  bru-ks 

3110  W.  A.   Mai  tin  and  E.  Wylam— Consumption 
or'  smoke 

3111  A.  Bowater— Shaping  metals 

3112  J.  Holding— Looms 

3113  W.  Llewellyn— Armour  plating 

3114  J.  Wakefield— B.  Its  and  pins 

3115  O.  L.  Honson— Reducing  the  diameter  of  wire 
for  wire  drawing 

3116  T.  Clark— Constiucting  tube  wells  and  driving 
piles 

3117  H.  A.  Bonneville— Box  for  enclosing  pbotogrv 
nhic  cartes 

3118  W.  R.  Lake— Sheet  iron 

3119  W.  A.  Ross— Preserving  iron  and  other  metals 
from  rust 

3120  J.  B.  EUington— Copper 

Dated  Octobkr  28th,  1869. 

3121  H.  B.  Barlow— Knitting  machines 

3122  R.  Ventiess-Saws 

3123  J.    Watson— Compressing    cotton,  jute,    and 
"ther  materials 

3124  S.  Bennett— Obtaining  products  from  the  waste 
of  tanneries 

3125  W.  Brookes- Electro  deposition  of  nickel 

3126  J.  W.  More  and  J. „Nonnau— Clipping  horses 
&c. 

3127  G.  TubliB— Buckles  for  doors 

3128  li.  P.  Muirhcad — Raising  sunken  ships 

3129  F.  T.  Taylor— Drying  and  deodorising  human 
excrement 

3130  N.  R.  Vail -Axles 

3131  W.  E.  Newton— Drawing  frames        ..  *-.« 

3132  S.  C.  Salisbury— Steam  boilers 

3133  M.  Clemens— Shaft  coupling 

Dated  October  29tb,1869. 

134  J-  James — Bending  and  jointing  .metallic  and 
other  sheets 

3135  A.  Knowles— Getting  coal 

3136  W.  W.  Gird  wood— Elastic  packing 

3137  W.  R  Lake— Springs 

3138  T.Taylor  and  J.  VV.  Davies— Singeing  horses, 
&c. 

3139  J.  A.  Miller— Steam  generators 

3140  C.  D.  Abel— Casting  metal  columns 

3141  M.,  L.,  and  ;E.  Darnbroguh— Lubricators  for 
steam  engiues 

3142  A.Nairn— Steam  carriages 

3143  G.  Burge— Cement 

3144  B.  J    B.  Mills— Cigars 

3145  J.  H.  Spencer— Lubiicating 

Dated  October  30th,  1869. 

3146  R.  J.  Everett — Salts  uf  ammonia 

3147  E.  H.  C.Moncktou— Telegraphing 


3148  J.   Elce   and  W.  J.  Gradwell— Spinning  and 

doubling 
3119  O.  Fabnebjeim — Cooking  apparatus 

3150  C.    Sacre,     S.    Perkins,    and    W.    Smellie— 
Iron 

3151  J.  C.  Me wburn— Photographic  process  for  pre- 
paring printed  surfaces 

3152  J.  C    Mewburu — Feeding  boilers 

3153  W.  R.  Gedsre— Welding  iron 

3154  L.  Wrav-KEjrines 

3155  A.  P.Wright — Breaking,  softening, and    pre- 
paring flax 

3156  R.  Marsden — Raising  weights 

3157  T.  Moore  aud  C.  A.  Head— Raising  and  lower- 
ing weights 

3158  W.  B.  Espeut— Drying  machines 

3159  A.  Minton — Electro    coating    iron    and    other 
metals 

Dated  November  1st.  1869. 

3160  F.de  Lagillardiae — Suction  syphons  for  raising 
liquids 

3161  W.   R    Watson    nnd    R.    Murray— Dcubliug 
yarns 

31li2  B.  Bianchi- Cartridges 

3163  J.  Dewar— Treatment  and  application  of  paper 
waste 

3164  J.  Dewar— Artificial  fuel 

3165  E.  Ford — Chromatic  elides  for  cornets 

3166  R.  R.  Addy — Preparing  flax,  and  other  fibrous 
materials 

3167  J.  Hargreaves— Pyrites 

3168  A.  Thornton  and  B.  Senior — Carding  wool  and 
other  fibrous  materials 

3169  W.  Birch— Sewing  machines 

3170  W.  and  J.Jackson  and  J.  Cowgill— Preventing 
the  escape  of  smok* 

3171  J.  Jennet— Guns 

3172  B.  Tower— Hot  air  engines 


Datbd  Novbmbbr  2nd,  1869. 

3173  C.  G.  Gumpel — Ships' rudders 

3174  R.  Soice — Artificial  Btoue 

3175  G.  White— Cartridges 

4176  R.  Davies— Machinery  for  transmitting  motive 

power 
31*7  W.  Connell- Waterclosets 
3178  A.  H.  Brandon— Engines 
317^  A.  Wvllie— Bouuets 

3180  C.  E.  Cawley  nnd  J.Newton — Tramways,  and 
carriages  toriame 

3181  J.  P.  Hawley  and  E.  E.  Hill— Controlling  the 
flow  of  water 


Dated  November  4tb,  1869. 

3182  S  Leoni — Apparatus  fur  cookiug  and  lighting 
by  gas 

3183  A  Grothe— Registering  the  number  of  persons 
truvellingin  public  conveyances 

3184  T.  Wright  and  I.  Fox—  Production  wf  piles  on 
net  or  lace 

3185  K.  F.  Snmier  and  A.  Antoiue— Preventing  the 
explosion  nf  intlaminuble  materials 

3186  H.J.  H    King— Regulating  the  passage  or  flow 
or*  liquids 

3187  T.  S.  Martin— Stopcocks 

3188  M.  L.  Winn— Shampooing 

3189  N.  W.  Blanchard— Substitute   for  curled  hair 
ior  upholstering 

3190  E.Snell— Imitation  marble 

3191  J.  McDowall— Sawing  timber 

3192  W.   Gardner— Tools    for    the    manufacture    ol 
watches 

3193  G.  Sinclair— Paper  pulp 

3194  K.  Fmch-D,.ck  gates 


Datrd  November  5tb,  1869* 

3195  J.  Booth— Reducing  metals 

3196  H.  Wi.de— Working  telegraphs 

3197  W.  E.  G,d-e— Veluciin»nes 
4198  M.  Wilson— Sink  traps 

3199  S.  BuBk— Hotseshoes 

3200  C.    de    V.    Wells— Regulating   the    speed    of 
marine  engines 

3201  F.  Armstrong — Sewing  machines 
320:'  A.  Rusuell — Making  tucks  or  plaits 
3203  E.  Edmonds— Coffeepot 


Dated  November  5th,  1869. 

3204  C    Crockford— Treatiug  ores 

3205  J.  Maiden— Lubricators 

3206  J.  M.  Star  ley— Furnaces 

3207  J    Turnbull— Cut  off  gear? 

3208  W-  R.Lake— Needles 

3209  J.  K.  Northall— Welding  tubes 

3210  F.  Pash— Velocipedes 

3211  A.  M.  Clark— Boring  tools 

3212  K.    Dougltss     and    L.    Grant— Motive    power 
engines 

Datbd  Novbmeer  6th,  1869. 

3213  F.  Taylor— Sewing  maehines 

3214  H.Livesey — Velocipedes 

3215  W.  R.  Lake-  Securing  stair  rods 


Dated  Novembbr  8th,  1869. 

3216  P.  and  A.  Walker— Gas  meter 

3217  T.  Perkins— Ploughing  laud 

3218  N.  Shaw— Generating    steam    and    protecting 
furnace  bars 

3219  J.  C.  Hey  wood— Scales 


Dated  November  9tb,  1869. 

3220  J.  V.  Micbaux — Method  or  means  of  securing 
corks  in  bottles 

3221  S.    Heath— Machine   for  clipping  horses    and 
other  animals 

3222  R.  Aders— Tinring  metals 

3223  R.  Jones— General  holder  for  cards,  envelopes, 
&c. 

3224  A.  C.  Kirk— Retorts 

3125  G.  D.  Davis— Working  rudders 
3226  W.  R.  Lake— Hcakhnt,  hemp 


3227  T.  Hartersley— Flyers  used  in  spinning  cotton, 
&c. 

3228  C.  Mole— Boots 

3229  A.   M.    Clark— Transporting  letters  by   atmo- 
spheric pressure 


Dated  Notbmbbr  10th,  1869. 

3230  J.  and  H.Tracey— Stick  for  umbrellas,  parasolst 
&c. 

3231  A.  Bohlken— Terriers 

3232  E.  Thomas— Safety  lamps 

3233  W,  Bonvaband— Weighing 

3234  J.  Riley— It -efa  of  buildings 

3235  G.  Knighton— Core  barrels  for  making  lollow 
eastings 

3236  F.  J^nkiu-Cables 

3237  J.  W.  Hackworth— Slide  valves  for  Bteam 
engines 

3238  J.  lugleton— Waterclosets 

3239  H.Lfl—  Looms 

324D  F.  B.  Dosring— Stand  or  carriage  forboring 
rocks 

3241  I  and  G.  Battinson  and  T.  and  H.  W.  White- 
bead — Combing  wool 


Dated  Novsmfihr  llth,  1869.  ' 

3242  J .    Logan     and    W .     Gardner— Ornamenting 
fabrics 

3243  A  Mnslev — Lac*  ms»  hiu*ry 

324*  H.   Hobiuson — Kilni    for    burning    limeBtone, 

chalks.  &c. 
3245  T.  Herbert  and  J.  C      bowler— Railway    signal- 

ling 
3i4ri  M   Tnthill— Horre  far 

3247  J.  P.  Budd-Iion 

3248  J.  McConnick — Brewing  malt  and   other  sub- 
stances 

3249  I.  Nascb— Sewing  machiues 

3250  VV.  R.  Luke— Locks 

3251  J.  Guesue — Orgau  aud  pinno 

3253  G.  Simpaou    and  L.  Strauss — Drawing  liquids 
from  casks 

3253  J.  M.    Rowan   and  T.    R.    Hortou— Steam  en- 
gines 

3254  J.H  Johnson—  Pruducing  ornaments  from  gutta 
perch a 

325>  J,  Mason— Pens 
3*56  W.  Harris— Locks 

3257  P.  Wilson — Ljcks  and  latches  and  iu  keys  for 
8'ime 

3258  H.    Rochatte— Breech  loading    firearms    with 
,  priural  percussion 

3259  G.    A.    Buchbolz — improved      machinery     for 
hulling  grain 

Dated  Novbmbbr  i2th,  1869. 

3260  M.  Fens  m—  Clenusiug  cracked  wheat  and  other 
grain 

3261  B.  Shaw-  Improvements  in  machinery  for  cut. 
ting  soap 

3262  S  Martin — Supporting  the  rails   of  rail    and 
tramways 

3263  C.    Brakell — Obtaining    and    applying    motive 

3264  S.  Chatwood  and  R.  Kenyou — Improvements  in 
furnaces 

3265  O.  Rose— Pistons   for  steam  and  other  motive 
engines 

3266  G.  D.  Edmeston— Hammers  worked  by  steam, 
&c. 

3267  W   Gorman— Iron  and  stee^,  and  in  apparatus 
therefore 

3268  T.  Snow-  Exhibiting  notices   at    railway    sta- 
tions 

3269  W.  E    nnd   F.  Dobaon— Shawls  made  on  lace 
machines 

3270  S.  W.  Shaw— Burning  Bricks 

3271  H.  11.    Miulb— Improvements    in  letter  pillar 
posts 


Dated  Novbmbbr  13th,  1869. 

3272  G.  H.  Hannaford— Working  railway  points  and 
signals 

3273  J.  Edwards— Permanent  way  of  railways,  and 
signals  on  same 

3274  W.    E.    Gedge— Preserving    metal    from    the 
effects  of  humidity 

3275  VV.  E.  Gedge— Cutting  and  shaping  wood  and 
metals 

3276  C.H.  Holt— Obtaining  blast  in  smelting  fur- 

3277  R.    Hardman  and  G.  Hardman— Carding  en- 

gints 
23'8  C.  Burgon  and  J.  Ball — Manufacture  of  sheep 

3278  K.  Smith  and   J.  Higginbottom — Paper  hang- 
ings 

32S0  C.  Sutton — Ascertaining  thapresencecf  certain 
bodiee  concealed  from  view 

3281  T.  A.  Dillon— Safety  lamp 

3282  W.   RicbardBon — Valves     of    steam     engine 
cylinders 

3283  H.   H.   Grierson  and  J.  M.   Rigby— Dressing 
stone 

3284  J.    Hendeison — Treating    ores    and    obtaining 
products  therefrom 

3285  C.  D.  Saiot«uot  and  C.  Poucel — Preventing 
iucrustatiou  in  boilers 

3286  R.  Ganthony — Improved  inking  or  stamping 
pad 


Dated  November  loth,  1869. 

3287  P.  Kosh— Knobs  or  handles  of  locks,  doors 
Sec. 

3288  W.   E.   Gedge— Box    for    matches  and    other 
purposes 

3269  P.  Clarbour  and  W.   E.  Teale— Improvements 
in  lamps 

3290  F.  Kraropton— Locks 

3291  F.   Clark — Machinery   for  the  macufactuie  of 
bricks 

3292  C.  D.  Abel— ProcesB  for  refining   and  desilver- 
iug  lead 

3293  J.  Tribe  and  J.  Mallett— Despatch  and  other 
boxes 


3294  A.Jwgla-Glayes 

32«f  W'  (i,,Bflaee— Obtaining  a  compound  "of  soda, 

329b  H.  A.  Bonneville— Clipping  horses   and  other 

animals 
3297  G.    R.    Muther— Cutting   or   giving    form    to 
-wood 

3295  J.  G.  Jones—Breaking  down  coal 

Dated  Novbmbbr  16th,  1869. 

3199  G.  Chernir— Healds  for  looms 

3300  W.  H.  Turker-Lncks 

3301  W.  Lancaster— Purnacef  for  steam  boilers  and 
other  purposes 

3302  M.  W    Srigley— Frictiou  engine  for  producing 
motive  power 

3303  M.  Sautter— Shells 

3304  H.  H.Violet-Stoppers 

3305  G.  A-hbury— Steam  boilers 

3306  J.    G.   Garrard— Buffers  adapted    to    railway 
carriages  J 

3307  W.  Neill— Blast  engine* 

3308  J.  Opptnheimer— Fixing  and  Btayiug  telegraph 
posts 

3309  F.  Df-lacroix— Manumeter 

3310  C     Ching — Hot    water  boilers  for  suoolvine 
baths  rr  j     6 

Dated  Novbmbkr  17th,  1869. 

3311  P.    Negrin-Regulating    the   flow    of   liquids 
through  pipes 

3312  S.  J.  Mackie— Construction  and  propulsion  of 
vessels 

3313  J.  Crofts,  R.  Dawson,  and  J.   King— Combing 

3314  T.  Marshall—  Preventing  the  fouling  of  ships' 
bottom 

3315  T.  and  H.  Weston— Casing  metallic  tubes  and 
rods 

3316  J.  Willi.— Umbrellas 

3317  E.    Bating,   A.    Ruiz,    and  E.  Le  Polletier— 
Looms 

3318  W.  H.  Perkin— Colouring  matter  suitable  for 
dyeing 

Datbd  Notbmbbr  18tb,  18^9. 

3319  R,    Oirdeii— Deodorising    coffins   having  dead 
bodies  in  them 

3320  G.    R.  Sweetser    and   G.  Wadman— Working- 
wood 

3321  G.  B.  D'-Vdelsward— Takiug  the   dross  outof 
Inch  furnaces 

3322  Meters 

3323  E.  Knrting— Feeding  boilers 

3324  C,  Faure— Galvanic  batterits 

3325  J.    P.    Kerr  and    VV.  AlcGee— Winding  thread 
upon  pirns 

3326  G    H.Kenwrrthy  and  T.'Kuowlea— Preparing 
cotton 

3327  M.  Shelley— Vent  peg 

3328  H.  A.  Hammond — Chimney  cowl  ' 

3329  G.  I'etrie— bricks 

g330  T,  Llewellyn— Squaring  wood 

"Dated  November  19ht,  1869. 

3331  A.  Mendel— Pfickiu- cotton 

3332  J.  Ddckray — Drying  and  fiuiBhiug  threads  and 

3333  J.    Hartley    and    Z.    Su£rden-Poiler3    for    hot 

3334  T.  E.  Lm.dyaud  J.  L    Dunham— Communica- 
tion between  passeuarers  aud  drivers 

3335  G.  P.  Cornelius—  Paint 

3336  R.  Ciews— Weaving 

3:137  R,  K.  Milieraud  A.  B.  Herbert— Pumps 

3338  J.    Orson — Geufferiug    a.:d     plaiting     textile 
fibrics 

3339  VV.    N.    MacCartney — Railway    carriage    for 
passfngers 

3340  W.  aud  M.  Bavti'fl— Screws 
2341  A.  M.  Clark— Batterv  gun 

3342  I.  Hayford  and  J. F.Paul— Wooden  pavements 
♦or  streets 

3343  W  ,  J.  and  F.  W.  Edmondson  and  R*Cunliffe 
— Engraving  cylinders 


Datbd  November  20th,  1869. 

3344  C.    D.    Abel— Utilising     streams     as   motive 
power 

3345  J.  Cochrane— Conveying   letters  by  pneumatio 
agency 

3346  H.  Wilson— Lubricating   apparatus  for  steam 
engines 

3347  G.  Betti— Vertical  boiler  for  the   formation  or 
steam 

3348  L.  Foil tet— Grease  box 

3349  J.  Taylor— Furnaces 

3350  J.  Belicard— Manufacture  of  metal  healds  for 
weaving 

3351  Ti  Aitken — Washer  cloth  tot  spinning  machi- 
nery 

3352  VV.  Temlett- Banjos 

3353  T.  R.  Heiheriugton— Preparing  cotton 

3354  D.  Morgan— Lubricating  oil 

3355  T.  F  Lynch— Bottles 

335o  S.  H  .  Salmon— Shearing  horses       s 

3357  A.  B.  Childs— Cleaniug  grain 

3358  W.  R.Lake— Distributing  type 

3359  J.H.  Fiaser— Boileis 

3360  S   L-  Loomis— SaBh  holder 

3361  Sir  J.  Macueill— Surfaces  for  igniting  lucifera 
and  tusees 

3362  J.  Moseley — Warming  feet 

3363  J.  Burroughs— Electro-magnetic  machines  and 
magnets  for  the  same 

Dated  Novembbr  22nd,  1869. 

3364  R.  Wilpon— PreBBes 

3365  S.  W.  Wilkinson  and  J.  E.  Dooley— Portable 
letter  boxes 

3366  G.  H.  Wilkes— Supporting  clothes  lines* 

3367  J.  Bourne— Gauging  water  in  boilers 
3468  J.  Bottomley  ana  S.  Emsley— Spinning 

33ti9  J.,  J.,  and  H.  Ingham   and  C,  Smith— Shuttles 
for  weaving 

3370  R.  Hennell— Pavements 

3371  Fire-escapes 


